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Executive Summary  
Dillon Consulting Limited (Dillon) was retained by the Nalcor Energy Management Corporation 

to conduct a final baseline Human Health Risk Assessment (HHRA) of the Lower Churchill 

Hydroelectric Generation Project (LCHGP) study area that focuses on potential methylmercury 

(MeHg) exposures and risks associated with the consumption of country foods. 

 

The final baseline HHRA builds upon a number of previous studies and documentation 

conducted/prepared during the EA of the LCHGP, and post-EA. The regulatory context for the 

HHRA and its linkages to previous and current studies, documents and programs are described 

herein. 

 

The HHRA focused on the evaluation of potential human exposures and risks associated with 

the presence of methylmercury (MeHg) and inorganic mercury (Hg) in a variety of country food 

and store-bought food items that are commonly consumed by residents of study area 

communities. Various food ingestion-based exposure pathways and routes were assessed for 

male and female human receptors of all age classes, in the LCHGP study area communities.   

 

A study area-specific dietary survey (DS) and human biomonitoring program (HBP; which 

involved human hair sampling and analysis for THg and MeHg) were key aspects of the final 

baseline HHRA. The DS outcomes were the basis of the assessed food item consumption rates 

and frequencies, and the HBP outcomes provided a useful line of evidence regarding current 

baseline Hg exposures within residents of the study area communities.  

 

The final baseline HHRA was conducted according to standard regulatory guidance including 

HHRA guidance documentation developed and endorsed by Health Canada. The HHRA was also 

conducted in a highly conservative manner that applied/used various approaches, models and 

assumptions which tended to overestimate (to a substantial degree) MeHg and inorganic Hg 

exposures and risks for the assessed human receptors.  

 

Within its major steps (Problem Formulation, Exposure Assessment, Hazard Assessment), the 

final baseline HHRA evaluated multiple lines of evidence (LOEs).  These LOEs (as follows) 

comprised the main outcomes of the HHRA. 

 

 Calculated human health risk estimates for each of the assessed human receptors, in 

each study area community, expressed as hazard quotients (HQs).  HQs in this HHRA 

are the estimated total exposures to both MeHg and inorganic Hg divided by the 

applicable regulatory toxicological reference value(s) (TRVs) for these substances. 

 Relative exposure contributions of the assessed human exposure pathways and food 

items to total MeHg and inorganic Hg exposure for the assessed human receptors, and 
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the relative proportion of MeHg and inorganic Hg exposure that is attributed to 

country food consumption versus market basket (store-bought) food consumption. 

 Consideration of the conservative assumptions and uncertainties (including data 

variability) within the exposure assessment and hazard (toxicity) assessment steps of 

the HHRA and their impact on human health risk estimates (conservative assumptions, 

uncertainties and data variability within the HHRA are described in Section 4.0). 

 Consideration of the potential impact of key toxicological interactions on predicted 

human health risk estimates, and the relationship of predicted risk estimates to the 

health benefits of including locally harvested fish, seal and game species in traditional 

diets. This consideration was only treated in a brief and cursory manner in the HHRA as 

it will be addressed in greater detail in the forthcoming consumption advisory/advice 

protocol and program. 

 Evaluation of human biomonitoring data (i.e., measured hair THg and MeHg 

concentrations) from the baseline HBP conducted in LCHGP study area communities, 

and comparison of the hair THg and MeHg data to regulatory toxicological guidelines 

for THg/MeHg in hair. 

 Comparison of the measured hair THg and MeHg data from the HBP to predicted hair 

MeHg concentrations estimated using the one compartment toxicokinetic model 

(described in Section 2.4.4) that converts estimated MeHg exposures (expressed as a 

dose) to blood MeHg concentrations. Blood MeHg concentrations were then converted 

to hair concentrations using the blood to hair conversion factor of 250 (Section 2.4.4). 

 Comparison of estimated human receptor blood MeHg concentrations (from the 

toxicokinetic model) to Health Canada blood MeHg guidance values (i.e., Legrand et al., 

2010). 

 Comparison of predicted hair MeHg concentrations to regulatory toxicological 

guidelines for THg/MeHg in hair. 

 Comparison of estimated fetal blood MeHg concentrations (See Section 2.4.4) to 

Health Canada blood MeHg guidance values (i.e., Legrand et al., 2010). 

 Comparisons of LCHGP study area fish THg concentration data against regulatory 

human health-based fish tissue residue guidelines for THg/MeHg (these guidelines are 

described in Section 2.4.1.3 and Appendix D).  

 General comparisons of study area fish muscle, seal muscle and liver, and wild bird egg 

THg concentrations to selected fish, seal and egg THg data reported in the literature 

for various northern locations within Canada, the U.S., and northern Europe. 

 

Based on the outcomes of the HHRA LOEs (described and discussed in Section 3.0), the  final 

baseline HHRA concludes that there is a low to negligible potential for human health risk 

resulting from MeHg exposure, and a negligible potential for human health risk resulting from 

inorganic Hg exposure. The calculated MeHg and inorganic Hg exposures and risks are similar 

to what would be expected in numerous communities in North America where food 
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consumption patterns comprise the ingestion of both store-bought foods and country food 

items that are of aquatic origin. 

 

A brief summary of the key final baseline HHRA LOE outcomes follows (See Section 3.0 for 

details).  

 

 Calculated HQs for inorganic Hg suggested a negligible potential for human health risk. 

 Calculated HQs for MeHg suggested a negligible to low potential for human health risk. 

 All calculated HQs are considered to be substantial overestimates of potential human 

health risk due to the various and numerous conservative approaches and assumptions 

that were used/applied in the HHRA. In particular, the HHRA did not quantitatively 

account for the numerous interactions between MeHg and inorganic Hg and other 

substances in the assessed food items that would likely reduce the bioaccessibility, 

bioavailability and toxicity of these COPCs, nor did the HHRA account for other factors 

(such as cooking processes) that also likely reduce the bioaccessibility, bioavailability 

and toxicity of MeHg and inorganic Hg.  

 Country food items dominate as potential sources of MeHg and inorganic Hg exposure 

in some but not all LCHGP study area communities. 

 Comparisons of measured hair THg and MeHg concentrations (for baseline DS and HBP 

participants) against regulatory toxicological guidelines for THg/MeHg in hair indicated 

no human health concerns. 

 LCHGP study area DS and HBP participants had hair THg concentrations that were 

similar to those observed in a number of other First Nations communities located 

across Canada. 

 Predicted hair MeHg concentrations in the assessed receptors (which are conservative 

overestimates) had a low frequency of exceedance and low margins of exceedance 

over regulatory toxicological guidelines for THg/MeHg in hair, and do not suggest a 

potential human health concern. 

 Predicted blood MeHg concentrations in the assessed receptors (which are 

conservative overestimates) also had a low frequency of exceedance and low margins 

of exceedance over regulatory toxicological guidelines for THg/MeHg in blood, and do 

not suggest a potential human health concern. 

 There was a generally low frequency of exceedance for LCHGP study area fish muscle 

THg concentrations over conservative human health-based fish tissue residue 

guidelines for THg/MeHg. 

 LCHGP study area THg concentrations in fish, seal and wild bird eggs are not elevated 

relative to reported THg concentrations in these food items for numerous other 

northern locations in Canada, the U.S., and Europe.    

 

CIMFP Exhibit P-00271 - Appendix O - 44 Page 13



 
Final Baseline HHRA 
October 2016 –12-6331-7000 

xii 

 

Final baseline HHRA outcomes do not indicate a need for corrective action or risk management 

(such as specific consumption advisories) at this time. However, several precautionary 

recommendations were made, as were recommendations related to potential future risk 

management measures and/or future follow-up studies that may be necessary after the LCHGP 

is operational.   
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1.0 Introduction and Background 

1.1 Introduction 

Dillon Consulting Limited (Dillon) was retained by the Nalcor Energy Management Corporation 

to conduct a baseline Human Health Risk Assessment (HHRA) of the Lower Churchill 

Hydroelectric Generation Project (LCHGP) study area that focuses on potential methylmercury 

(MeHg) exposures and risks associated with the consumption of country foods. 

  

The LCHGP is located in Census Division No. 10, subdivision C, in central Labrador. The LCHGP 

study area is shown in Figure 1. Within the study area are the communities of Churchill Falls 

(CF), Happy Valley-Goose Bay (HVGB), North West River (NWR), Sheshatshiu (SH), Mud Lake 

(ML) and Rigolet. The latter five communities have a high proportion of residents who belong 

to aboriginal organizations, including Innu Nation, Nunatsiavut Government (NG), and 

NunatuKavut Community Council (NCC). 

 

Hydroelectric generation projects are well known to be associated with public, aboriginal and 

regulatory agency concerns about increased MeHg formation and accumulation in country 

foods (particularly fish and aquatic game birds and mammals), such that human consumers of 

such country foods may incur elevated MeHg exposures and experience an increased potential 

for risk or the development of adverse health effects. Such concerns have been expressed on 

numerous occasions in relation to the LCHGP, particularly by aboriginal community 

representatives. 

 

The LCHGP went through a comprehensive federal and provincial Environmental Assessment 

(EA) process that involved a Joint Review Panel (JRP) review and a Panel hearings process. A 

number of studies conducted as part of the EA focused on MeHg, country foods contamination 

by MeHg, and potential human health risks associated with MeHg exposure. In support of the 

EA process, an interim HHRA study was also conducted (i.e., Golder, 2011). The LCHGP was 

ultimately released from EA in March of 2012. NL Reg. 18/12, also referred to as the Lower 

Churchill Hydroelectric Generation Project Undertaking Order, released the Project from EA 

and set conditions for this release that Nalcor must meet. The regulation includes conditions 

that pertain to mercury (Hg), methylmercury (MeHg) and human health risks.  

 

As a condition of LCHGP release from the EA process, Nalcor has committed to completing a 

final baseline human health risk assessment (HHRA) before the Project changes the conditions 

of the lower Churchill River (i.e., prior to inundation (flooding) of the reservoir). Nalcor also 

recognizes the high level of concern within the study area regarding MeHg and potential 

human health risks and is committed to a comprehensive long term HHRA program that 

evaluates the potential for MeHg exposure and risk among residents of the study area 
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communities, and develops and implements appropriate science-based mitigation and risk 

management actions (if/as necessary), in close collaboration with Health Canada (HC), NLDEC, 

Newfoundland and Labrador Department of Health and Community Services (NLDHCS), 

Labrador-Grenfell Health, Labrador aboriginal organizations, and other relevant stakeholders 

as necessary and appropriate.  

 

Details on the EA and post-EA conditions, requirements and commitments that led to the 

development of the HHRA Program for the LCHGP (which includes the current final baseline 

HHRA) are provided in subsequent sections and appendices of this report (i.e., Section 1.2.2 

and Appendix A).  

 

The remainder of this HHRA report is structured as follows. The balance of Section 1.0 presents 

the objectives and scope of the work, and relevant background information for the HHRA. 

Section 2.0 presents the HHRA objectives, scope, framework, methods and approaches, 

calculations, data descriptions, and related relevant technical discussions. Section 3.0 presents 

HHRA results and outcomes of each line of evidence that was evaluated or considered. Section 

4.0 presents and describes the key areas of uncertainty and conservative assumptions within 

the HHRA. Section 5.0 presents the HHRA conclusions and recommendations. Section 6.0 

presents the references cited within the HHRA main report and its technical appendices. 

Section 7.0 contains Dillon’s Closure Statement. Various supporting technical documentation is 

provided in several appendices to the main report. 

 

 
FIGURE 1  LOWER CHURCHILL HYDROLECTRIC GENERATION PROJECT STUDY AREA 
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1.2 Background Information  

1.2.1 Description of LCHGP and Study Area 

The LCHGP and various physical, chemical, biological, historical and socioeconomic aspects of 

the Project study area have been described extensively in numerous previous EA and post-EA 

studies and reports. Detailed descriptions of the LCHGP are also available on Nalcor LCP and 

Muskrat Falls websites (e.g., https://muskratfalls.nalcorenergy.com/project-overview/). There 

is no attempt made herein to reproduce such information that is readily available elsewhere. 

However, as it is recognized that some readers/reviewers of this report may not be familiar 

with the LCHGP, the EA process it underwent, or the various post-EA studies and programs that 

have occurred and/or are occurring, the Project and its study area are briefly described in the 

following text so that there is sufficient context provided herein for such readers/reviewers.  

 

The study area that is the focus of the current HHRA is depicted in Figure 1. Demographic 

information for the LCHGP study area communities was previously provided in various EA 

documents, including the 2009 EIS (Nalcor, 2009a), Aura Environmental Research and 

Consulting Ltd., (2008) and also in Golder (2011; 2015) and is not reproduced herein. However, 

certain demographic information that is relevant to the HHRA and/or the key studies that 

provided data for the HHRA is described, where deemed appropriate, in subsequent sections 

of this HHRA report.  

 

The lower Churchill River in Labrador has long been identified as one of the best undeveloped 

hydroelectric energy sources in North America. Nalcor Energy is developing the hydroelectric 

potential of the lower Churchill River in two phases: 1) Muskrat Falls; 2) Gull Island.  

 

Phase 1 of the LCHGP includes constructing an 824 megawatt (MW) hydroelectric generating 

facility and dam at Muskrat Falls. Muskrat Falls is located about 25-30 km west of Happy 

Valley-Goose Bay. The Muskrat Falls Project was sanctioned by the Government of 

Newfoundland and Labrador in December, 2012. It is currently under construction and is 

expected to be completed and producing electricity by 2019.  

 

The Muskrat Falls generation facility will include a number of components and infrastructure 

including: approximately 22 km of access roads; a north roller-compacted concrete overflow 

dam (32 m high by 180 m long) that includes a 5 vertical gate spillway for managing extreme 

precipitation events; a south rockfill dam (29 m high by 370 m long); a close coupled intake and 

powerhouse, including: 4 intakes with gates and trash racks, 4 turbine/generator units rated at 

approximately 206 MW each with associated ancillary electrical/mechanical and protection/ 

control equipment, 5 power transformers (includes 1 spare); 2 overhead cranes each rated at 

450 tonnes. The powerhouse’s four turbines are projected to generate electricity with an 

efficiency that is the highest ever obtained in North America. The reservoir that will be created 
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at Muskrat Falls will be 107 km2 in area and approximately 60 km long when at full supply (39 

masl). Reservoir creation for Muskrat Falls will involve flooding approximately 41 km2 of land. 

The Muskrat Falls facility is a “run of the river” design with short reservoir retention times 

relative to many other hydroelectric facilities in Canada. When completed, it will be the second 

largest hydroelectric facility in NL (second only to Churchill Falls). Figure 2 provides a 

conceptual image of the Muskrat Falls hydroelectric facility. 

 

FIGURE 2  ARTIST RENDITION OF MUSKRAT FALLS HYDROELECTRIC FACILITY 

 

Phase 2 (Gull Island) of the LCHGP will involve constructing a 2250 MW hydroelectric 

generation facility that will send electricity to the transmission system that is being built for the 

Muskrat Falls phase. The proposed timing for hydroelectric development at Gull Island is yet to 

be determined but would not be expected to occur until after electrical power is being 

produced from the Muskrat Falls Project. Gull Island is located approximately 75 km up the 

lower Churchill River from Muskrat Falls, and roughly 225 km downriver of the existing 

Churchill Falls generating station. It is anticipated that the Gull Island facility will include a dam 

that is 99 m high and 1.3 km long, a reservoir approximately 225 km long with an area of 

roughly 200 km2 at full supply level (125 masl), and will involve flooding of nearly 85 km2 of 

land. The dam is expected to be a central till cored rock fill zone embankment. The Gull Island 

powerhouse is expected to have 4 to 6 Francis turbines.  
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The final baseline HHRA considers both the Muskrat Falls and Gull Island phases of the LCHGP. 

 

In combination, the Muskrat Falls and Gull Island phases will have a combined capacity of more 

than 3000 MW, and will be able to provide 16.7 terawatt hours of electricity per year (11.9 

terawatt hours/year from Gull Island and 4.8 terawatt hours/year from Muskrat Falls). The 

overall LCHGP is expected to be critical infrastructure towards meeting future NL energy 

demands, as well as future energy demands in the Maritimes, and represents future energy 

security for Atlantic Canada. As the LCHGP will produce clean renewable energy for many 

decades (or indefinitely), it will allow fossil fuel-fired power plants in Atlantic Canada to be 

decommissioned, thereby reducing regional greenhouse gas emissions.  

1.2.2 Regulatory Context and Requirements for the Final Baseline HHRA 

The LCHGP underwent a comprehensive federally and provincially-regulated Environmental 

Assessment (EA), including a Joint Review Panel (JRP) process. The Project was released from 

EA in March of 2012. As a condition of release from EA, Nalcor is required to fulfill various 

regulatory and non-regulatory commitments outlined in the 2009 EIS, including mitigation 

measures, environmental management and monitoring, and follow up. In addition, Nalcor has 

committed to implementing a number of recommendations made in various post-EA 

documents. Appendix A summarizes the regulatory drivers and requirements that have led to 

the current HHRA study, the regulatory context underlying these drivers and requirements, as 

well as various non-regulatory commitments that Nalcor has made both in the EA 

documentation and in a number of subsequent post-EA documents, which relate to MeHg, 

HHRA, and country food contamination. Detailed review and consideration of these drivers, 

requirements and commitments led to the development of the Human Health Risk Assessment 

Plan (HHRAP), which is briefly described in the subsequent section.  

 

Nalcor has committed to completing a final baseline HHRA following Project sanction and 

before the Project changes the conditions of the river (i.e., prior to reservoir flooding). 

 

The primary regulatory driver for the final baseline HHRA is NL Regulation 18/12 (which came 

into effect March 15th, 2012). NL Reg. 18/12, also referred to as the Lower Churchill 

Hydroelectric Generation Project Undertaking Order, released the LCHGP from environmental 

assessment and set conditions for this release that Nalcor must meet. Conditions that pertain 

to MeHg and human health risks are summarized below (excerpted from NL Reg. 18/12). 

 

The release of the Lower Churchill Hydroelectric Generation Project from environmental assessment 

under section 3 is subject to the following conditions:  

 

(a) Nalcor Energy shall abide by all commitments made by it in the Environmental Impact Statement 

dated February 2009, and all the Environmental Impact Statement Additional Information 
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Requests made by the Lower Churchill Hydroelectric Generation Project Environmental 

Assessment Panel and consequently submitted by Nalcor Energy, and the submissions made by 

Nalcor Energy during the panel hearings and, subsequent to the hearings, to the panel, unless one 

or more of the commitments, or a part of a commitment is specifically waived by the minister; 

 

(e) Nalcor Energy shall prepare and abide by the requirements of environmental effects monitoring 

plans for all phases of the project, and those plans shall be submitted to and approved by the 

Minister of Environment and Conservation or the appropriate minister of the Crown before the 

commencement of an activity which is associated with or may affect one or more of the following 

matters:  

  (ii)  aquatic, 

  (iii) water quality, 

  (iv) methylmercury, 

  (xii) contaminant levels in country foods, 

  (xxii) human health. 

 

Item (e) of the Regulation required the preparation of an environmental effects monitoring 

(EEM) plan for matters that directly relate to HHRA (particularly subitems iv, xii, and xxii). This 

requirement was addressed by developing and submitting the HHRAP to NLDEC. The HHRAP is 

essentially an EEM plan for the HHRA program.  

 

As NL Reg. 18/12 specifically references commitments made by Nalcor in the EIS, commitments 

made by Nalcor in response to information requests (IRs) during the EA JRP process, and 

commitments made by Nalcor in submissions to the Panel both during and subsequent to the 

Panel hearings, such commitments are, in effect, regulatory requirements. The EA Release 

letter largely echoed the conditions listed in NL Reg. 18/12. Appendix A summarizes the EA 

and post-EA commitments that pertain to MeHg, country food contamination and human 

health. 

 

A brief timeline of key studies and events for the LCHGP that have led up to the current final 

baseline HHRA follows. 
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FIGURE 3:  TIMELINE OF KEY STUDIES AND EVENTS FOR THE LCHGP LEADING TO FINAL BASELINE HHRA 
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1.2.3 The HHRA Plan (HHRAP) 

As previously noted, the HHRAP (Nalcor Doc No. LCP-PT-MD-0000-EV-PL-0026-01) is essentially 

an EEM plan for the baseline HHRA program that was developed based on a detailed review 

and consideration of the regulatory drivers, requirements and EA and post-EA commitments 

that pertain to MeHg, country food contamination and human health (all of which are 

summarized in Appendix A). The HHRAP also built upon existing information from various 

baseline studies and component studies prepared during the EA process (including the interim 

HHRA prepared by Golder (2011)), and it accounted for comments that had been provided on 

the interim 2011 HHRA by Health Canada and NLDEC. 

 

The HHRAP is one of many environmental effects monitoring or management plans developed 

as a condition of LCHGP release from EA (all such plans, including the HHRAP, are posted at the 

following website: https://muskratfalls.nalcorenergy.com/environment/generation/).  

 

Submission of the HHRAP satisfied the condition/requirement in NL Reg. 18/12 that Nalcor 

“prepare and submit to the Minister of Environment and Conservation or the appropriate 

minister of the Crown, an environmental effects monitoring plan for all phases of the Project, 

before the commencement of an activity which is associated with, or may affect, the following 

NL Regulation 18/12 reference matters: (iv) methylmercury;  (xii) contaminant levels in 

country foods; (xxii) human health”. 

 

Key aspects of the HHRAP are briefly summarized in the following paragraphs. Further details 

are available within the HHRAP document itself. 

 

The purpose of the HHRAP was to outline the key tasks and activities that will occur as part of 

Nalcor’s commitments and requirements in relation to conducting a final baseline pre-

inundation HHRA (focused on human exposures and risks to Hg and MeHg in key country food 

items). It was developed to serve as a general framework or process document for the key 

components of the baseline HHRA program, and to guide the overall HHRA process. The key 

baseline HHRA program components that were identified in the HHRAP are:  

 

 a dietary survey (DS);  

 a human biomonitoring program (HBP); and, 

 the HHRA study. 

 

The HHRAP was also designed to ensure that a baseline HHRA would be conducted before 

reservoir flooding (“before the Project changes the conditions of the lower Churchill River”), 

and that key supporting studies that would provide critical information to the HHRA effort 

were coordinated with the overall HHRA program so that HHRA data needs could be met either 
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before or during the period when the final baseline HHRA study is conducted. The HHRAP was 

also designed to link to other relevant LCHGP monitoring programs and mitigation plans. 

 

Specific details on planning, design, logistics, rationale, implementation, and technical methods 

and approaches for the baseline DS, HBP and HHRA were provided within separate detailed 

work plans that were developed following submission of the HHRAP to NLDEC.  

 

The HHRAP was submitted to NLDEC in February of 2014. It was also submitted at that time for 

review and consultation with LCHGP study area aboriginal organizations (i.e., NG, NCC, Innu 

Nation) and Health Canada. Comments received by Health Canada and the aboriginal 

organizations on the HHRAP were reviewed and responded to, and modifications were made 

to the HHRAP, as necessary. Such modifications are reflected in the final HHRAP version that is 

posted to the Muskrat Falls website. This final HHRAP was approved by NLDEC on June 14th, 

2016 as per NL Reg. 18/12, subject to the following condition: 

 

 “Should downstream methylmercury monitoring identify the need for consumption advisories as a 

result of the project, Nalcor shall consult with relevant parties representing Lake Melville resource users. 

Based on the location of the consumption advisories these users could include Aboriginal Governments 

and organizations as well as other stakeholder groups. Following consultation, Nalcor shall provide 

reasonable and appropriate compensation measures to address the impact of the consumption 

advisory.” 

1.2.4 Baseline Diet Survey and Human Biomonitoring Program 

As was noted in the HHRAP, two of the key baseline HHRA program components were: a 

dietary survey (DS) and a human biomonitoring program (HBP) within the LCHGP study area 

communities. It was necessary that these two components be conducted before the current 

final baseline HHRA study as they both provided critical information to the HHRA regarding 

current patterns and levels of total mercury (THg) and MeHg exposure within the LCHGP study 

area communities. Such information was quite limited within the LCHGP study area prior to 

implementing the DS and HBP. Thus, both the DS and HBP were important supporting studies 

for the final baseline HHRA. 

 

The baseline DS and HBP are briefly described below in the following subsections, with an 

emphasis on those aspects of the DS and HBP that are most relevant to the final baseline HHRA. 

Further details on the DS and HBP were previously provided in the DS/HBP work plan (Nalcor 

Doc. No. LCP-PT-MD-0000-EV-PL-0030-01) and in the final report of the baseline DS and HBP 

(i.e., Golder, 2015). This final report is posted to the Muskrat Falls website 

(https://muskratfalls.nalcorenergy.com/environment/generation/). Golder (2015) and the 

work plan provide details on the specific methods and approaches used to conduct the 

baseline DS and HBP, including: timing/sequence; study team members; communications and 

consultation/community engagement and notification plans; strategy for recruitment of 
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participants in the target study area communities, including target numbers of participants 

(sample size); DS interview and questionnaire design and development; copies of the 

questionnaire forms; the approaches taken to minimize fear, discomfort and invasiveness; the 

ethics approval process that was undertaken; consent to participate in the DS and HBP 

(including consent forms); data and information disclosure, use and access; 

privacy/confidentiality considerations; reporting of outcomes and information sharing with 

participants; protocols for tracking, storing and reporting/documenting data and maintaining 

records of any enquiries/questions/issues that arose; outcomes of consultations/presentations 

on the DS and HBP work plan with key stakeholders; data compilation and statistical analysis; 

laboratory analysis methods; liability statement; and, contingency and intervention plans for 

addressing unexpected highly exposed individuals that may be encountered in the DS and HBP.  

 

Key outcomes of the DS and HBP (relevant to the final baseline HHRA) are described and 

discussed in various subsequent sections of the HHRA.  

 

The DS and HBP were regulatory requirements (conditions of LCHGP release from EA) and were 

also commitments that Nalcor had made (See Appendix A). Furthermore, the need for a 

baseline DS and HBP was driven by a general lack of available information on baseline human 

THg and MeHg exposure levels and dietary patterns in LCHGP study area communities. Dietary 

pattern information is important as it is well known that most human exposure to MeHg and 

inorganic Hg occurs from the consumption of foods, particularly country foods of aquatic origin 

such as fish, seafood, and marine mammals. While there were some existing data that 

pertained to dietary patterns, traditional country foods consumption practices and human Hg 

biomonitoring in the study area communities (e.g., Lower Churchill River Fish Consumption and 

Angling Survey (Nalcor, 2009b); Current Land and Resource Use in the Lower Churchill River 

Study Area (Nalcor, 2009c); Collaborative Mercury Research Network (COMERN)-funded diet 

surveys and hair sampling in SH in 2002 (Canuel et al., 2006)), these data were considered 

insufficiently current, and insufficiently comprehensive for final baseline HHRA purposes. In 

addition, such existing data was not available for all of the LCHGP study area communities. 

Given the differences between study area communities with respect to distance, specific 

location within the LCHGP study area, and proportions of residents belonging to specific 

aboriginal organizations, it was determined that the limited data which existed for some of the 

study area communities could not be considered representative of those communities that 

lacked baseline information on dietary patterns, traditional country foods consumption 

practices and human Hg biomonitoring. Thus, the existing data and studies noted above were 

considered to be inadequate for the purposes of conducting a final baseline HHRA.  
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The baseline DS and HBP had the following main goals and objectives. 

 

 Identify fish and other country food dietary consumption patterns in the communities 

influenced by the LCHGP. This information was used in the final baseline HHRA (herein) 

to generate accurate, study-area specific baseline THg exposure estimates for each 

study area community. 

 Gather current baseline data on THg and MeHg concentrations present in the hair of 

individuals from the LCHGP study area communities (hair is the best biomarker of long 

term exposure to MeHg, as described further below). This information was used in the 

final baseline HHRA (herein) to determine current baseline pre-inundation THg/MeHg 

exposure levels, and as a means of validating, verifying or ground-truthing exposure 

estimates in the HHRA that were determined from community-specific dietary 

consumption patterns and rates and study area data on THg and MeHg concentrations 

in fish and other key country food items (i.e., actual measured human exposure data 

provides a useful line of evidence for the final baseline HHRA in addition to modelled 

hazard quotients (HQ)). Baseline hair Hg data also provides an important point of 

comparison and means of detecting change (in future biomonitoring studies), should 

there be increased THg/MeHg exposures within the study area communities (once 

reservoir flooding has occurred and the LCHGP is operational).  

 Consult and communicate (as appropriate) with relevant communities and/or their 

representatives (including Innu Nation, NG and NCC) in order to recruit sufficient 

numbers of subjects for the DS and HBP, and to also address any issues and/or 

concerns raised within the relevant communities in relation to the baseline DS and/or 

HBP. 

 Develop partnerships with relevant aboriginal groups or communities (including Innu 

Nation, NG and NCC) and engage/involve such groups in the baseline DS and HBP 

process to the extent possible, in order to obtain accurate study area-specific data to 

the extent possible that can be utilized in the final baseline HHRA. 

 Consult with Health Canada and relevant Provincial departments (such as Environment 

and Conservation, Health and Community Services), and community health authorities 

in Labrador (i.e., Labrador-Grenfell Health), as deemed necessary, for input into 

Hg/MeHg and human health-related issues/concerns, and the design, implementation 

and communication aspects of the baseline DS and HBP. 

 To the extent practical, collect LCHGP study area-specific data that addresses key data 

gaps that were identified in relation to the 2011 interim HHRA study (Golder, 2011). 

 Link to relevant terrestrial and aquatic environmental effects monitoring (EEM) 

programs (e.g., LCP-PT-MD-9112-EV-PL-0001-01; LCP-PT-MD-0000-EV-PL-0013-01). 

These linkages are important should baseline DS outcomes reveal that certain country 

food items are of interest that are not presently undergoing data collection. In that 
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event, EEM programs can potentially be modified to address the collection of data for 

such food items. 

 Provide data that can inform methods and approaches for the design/development, 

implementation and communication of future consumption advisories (CAs) for 

THg/MeHg, as deemed necessary. 

 An overall objective of the baseline DS and HBP was to provide current, accurate, 

reasonably comprehensive, and realistic study area-specific data that can be utilized 

within the final baseline HHRA to: develop consumption rates and frequencies for key 

country food and store bought food items, define realistic exposure/consumption 

scenarios (including understanding the influence of different food preparation/cooking 

methods on the levels of Hg and MeHg in edible portions of country foods, and how 

these different methods may affect human Hg and MeHg exposure associated with 

country food consumption), and, enable an accurate yet conservative baseline HHRA 

that is representative of potential THg and MeHg exposures and risks within the LCHGP 

study area communities. 

 It was also an overall objective that the DS and HBP enable the development of a pre-

inundation (pre-reservoir flooding) point of comparison should there be future 

increased concentrations of THg/MeHg in key country food items and consequently, 

increased human exposure rates to THg/MeHg from the consumption of such country 

food items (after reservoir flooding has occurred and the LCHGP is operational). 

 

The baseline DS and HBP were conducted concurrently in the LCHGP study area communities 

in late November and early December of 2014 (NWR, SH, HVGB, CF) and in February, 2015 

(ML). For most of these communities, the DS and HBP represents the first time that studies 

have been conducted to address dietary patterns and baseline THg/MeHg exposures. By 

conducting the DS and HBP concurrently in the LCHGP study area communities, logistical 

advantages could be realized, and, because participants that submitted a hair sample also 

completed the DS questionnaire(s), the DS and HBP were able to provide a link between the 

THg/MeHg exposure information collected via the DS and actual measurements of THg/MeHg 

exposure (from the hair sample). The DS and HBP did not include Rigolet due to a lack of 

approval of the DS and HBP by the NG Research Advisory Committee (as described further in 

Section 1.2.4.1, below). 

 Baseline DS and HBP Consultation Activities 1.2.4.1

Prior to implementing the baseline DS and HBP in the study area communities, various 

consultation activities occurred (e.g., presentations, meetings, discussions, email 

correspondence) with the following stakeholders:  

 Health Canada (HC); 

 Newfoundland and Labrador Health Research Ethics Authority (NLHREA); 

 Newfoundland and Labrador Department of Environment and Conservation (NLDEC); 
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 Newfoundland and Labrador Department of Health and Community Services (NLDHCS); 

 Innu Nation; 

 NunatuKavut Community Council Research Advisory Committee (NCC RAC); 

 Nunatsiavut Government Research Advisory Committee (NGRAC); and, 

 Labrador-Grenfell Regional Health Authority Research Review Committee (LGRHARRC). 

In general, the purpose of the consultation activities was to ensure that the baseline DS and 

HBP work plan was understood by and satisfactory to the relevant regulatory authorities and 

aboriginal organizations, and that ethical considerations had been adequately accounted for in 

the design of the DS and HBP, prior to the implementation of these studies within the LCHGP 

study area communities. The most detailed consultation activities occurred with Health Canada 

representatives who reviewed the DS and HBP work plan, and its supporting materials 

including questionnaires, visual aids, and consent forms.  

 

Various modifications and improvements were made to the DS and HBP work plan, the DS and 

HBP materials (including questionnaires, visual aids, consent forms etc.) and/or incorporated 

into the implementation strategy for the DS and HBP, as a result of the consultation activities 

that occurred with the abovementioned stakeholders. Further details regarding the outcomes 

of these consultations are provided in Golder (2015). 

 

Because the baseline DS and HBP involved human subjects and was considered to comprise a 

“health research study”, an ethics approval process was required before the DS and HBP could 

be implemented. This involved an application to the NLHREA which included submission of the 

DS and HBP work plan and all questionnaires and supporting materials, as well as submitting 

documentation (or proof) of consultation activities with relevant stakeholders. NLHREA is 

particularly interested in ensuring there is proof of consultation activities with aboriginal 

organizations. Proof of consultation with aboriginal communities typically involves submitting 

copies of letters of approval, in accordance with NLHREA Guidelines for research involving 

Aboriginal communities in Newfoundland and Labrador. The ethics approval application forms 

were completed and submitted to NLHREA by Golder Associates (the consultant hired to 

conduct the baseline DS and HBP), on behalf of Nalcor. The NLHREA conducts its reviews of 

health research studies through the NL Health Research Ethics Board (NLHREB). Further details 

on how the NLHREA and its NLHREB conduct reviews of ethics applications are available at: 

http://www.hrea.ca/Home.aspx.  

 

Among the key ethical considerations related to the baseline DS and HBP were the following: 

 Communication of the purpose of the studies and the types of information to be 

collected; 

 Disclosure of how personal information would be collected, stored and kept 

confidential; 

 Disclosure of how hair samples would be collected and analysed; 
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 Disclosure of how research results would be disseminated;  

 Disclosure of the personnel (and their affiliations) who would be involved in 

administering the DS and HBP and collecting the hair samples; 

 Potential risks, discomforts and inconveniences for the DS and HBP participants; and, 

 Informed written consent from each DS and HBP study participant with assurance that 

any concerns and/or questions they may have would be addressed prior to obtaining 

their written consent to participate in the DS and HBP. 

Written approvals for the baseline DS and HBP were obtained from all but one LCHGP study 

area aboriginal organization (i.e., NGRAC), and were submitted for review by the NLHREB as 

part of the overall application package. Although Nalcor had submitted an application for the 

formal approvals process established by NGRAC, which represents Inuit people in Rigolet, 

approval from NGRAC was not received, and as such, the community of Rigolet was not able to 

be included in the baseline DS and HBP. Nalcor received unconditional ethics approval for the 

baseline DS and HBP from NLHREA on November 4, 2014 for the other communities (i.e., 

Happy Valley-Goose Bay, Mud Lake, Sheshatshiu, Churchill Falls, and North West River).  

 Brief Summary of Baseline Dietary Survey 1.2.4.2

DS and HBP participants were recruited primarily by holding open house (OH) information 

sessions in each study area community. The OHs started with presentations to community 

members that described, in lay terms, the what, why, when, where, and how aspects of the DS 

and HBP (in other words, the purpose and importance of the DS and HBP). The OH sessions 

also had available printed information sheets that visually communicated the purpose and 

importance of the DS and HBP, as well as a sign up station for participants (where a consent 

form was explained and then signed). The OHs were staffed with representatives from the DS 

and HBP project team who responded to questions and provided additional information that 

OH attendees were interested in. The OH sessions occurred during both the days and evenings 

in an effort to accommodate school and work schedules, such that the DS would achieve good 

participation rates from families. 

 

Prior to the OH sessions, there were various means of notification and awareness-raising about 

the OH sessions and about the DS and HBP. This included information dissemination via the 

LCP Community Liaison Committee, radio and newspaper ads, flyers, posters in public places, 

social media postings and other methods. These notification materials and the printed OH 

materials indicated the desired numbers of participants that were sought in each study area 

community, the cross-section of participants that were sought (e.g., various age classes, males 

and females), and outlined what the DS and HBP entailed for interested participants. The 

target sample size (# of participants) for the 5 study area communities was 300 participants 

with varying numbers by community on the basis of population size (e.g., there was a larger 

target sample size in HVGB than in the other communities as it has the largest population of 

any community within the LCHGP study area). The target sample size was determined by 
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Golder Associates (the firm that assisted Nalcor in designing and implementing the DS and HBP 

and that prepared the DS and HBP report (i.e., Golder, 2015), based on census data and 

statistical considerations.  

 

Following the OH sessions (either the same day or the following day), the DS was administered 

to participants and hair samples were collected. Participants needed to have been able to 

provide at least a three (3) cm length hair sample; otherwise, they were excluded from the DS 

and HBP (See Section 1.2.4.3 below and Golder (2015) for rationale for a 3 cm target hair 

length). As a gesture of appreciation for participating in the DS and HBP, pre-paid $50 gift cards 

were provided to each participant.  

 

The baseline DS took approximately 45 minutes to administer to participants once the consent 

form(s) was/were signed. The DS was administered by five (5) members of the DS and HBP 

project team (all of whom were trained in administering the DS questionnaires and recording 

participant responses in a consistent manner).  

 

The DS was administered via direct personal interview using a short set of questionnaires, and 

was accompanied by various visual aids to help participants identify areas/locations of country 

food harvesting, the specific types or species of country food items that are consumed, and 

typical food serving sizes. The serving size categories in the DS questionnaires were based on 

those reported within Health Canada (2007), Canada’s Food Guide, and Canada’s Food Guide 

for First Nations, Inuit and Metis (http://www.hc-sc.gc.ca/fn-an/food-guide-aliment/index-

eng.php), as well as other dietary surveys reported in the literature for northern Canadian 

locations (such as Lemire et al., 2015). Particular effort was given to capturing the 

recommended serving sizes (meal portion sizes) for fish reported in Health Canada (2007). As 

needed, translators for Innu participants who did not speak English were available to assist in 

conducting the DS interview in the Innu community of Sheshatshiu. The DS was designed based 

on a previous diet survey program delivered to the community of Sheshatshiu (SH) in 2002 by 

researchers at the Université du Quebéc à Montréal (a COMERN study). The traditional 

(country) and market basket (store-bought) foods considered in the DS questionnaires were 

based on (and built upon) multiple information sources including the previous COMERN study 

in SH, the interim HHRA (Golder, 2011), information on dietary patterns and traditional food 

consumption from the Lower Churchill River Fish Consumption and Angling Survey (Minaskuat, 

2009), the Current Land and Resource Use in the Lower Churchill River Area Study (Nalcor, 

2009b)), various other study area community-specific data available to the DS and HBP project 

team members, and literature reviews on the Hg content of foods (to identify those food types 

with the higher Hg concentrations). Ultimately, the DS questionnaires focused on those food 

items that tend to be most readily harvested from within the LCHGP study area and that also 

tend to contain higher Hg concentrations relative to other foods (i.e., fish, shellfish, and game 

and store-bought meats)(See Sections 2.3.3.1 and 2.3.7 for further details). 
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As part of the DS questionnaires, participants were prompted to identify any other country 

food or store-bought food items of relevance that may not have been specifically listed in the 

questionnaires (very few participants identified country or store-bought foods that they 

consume which were not listed in the questionnaires).  

 

The DS also included a general questionnaire on participant demographics.  

 

The DS questionnaires were developed consistent with a Food Use Frequency Survey (FUFS) 

study design. This design type is commonly applied in surveys that collect dietary pattern data 

for HHRA purposes (due to its practicality, logistical feasibility, relative ease of administration, 

and its low level of effort and responsibility for participants). Prior to deciding on the FUFS 

design, various other dietary survey designs were reviewed and considered (including 24 hour 

recall, multiple seasonal FUFS, and food diary approaches). The FUFS design was determined to 

be the most appropriate and feasible for the DS, based largely on careful consideration of 

logistics and likelihood for participation, and past experience of project team members 

conducting consultation activities in the study area communities during the EA. Often, diet 

survey designs that are not onerous for the participant (i.e., requiring little effort) have a 

higher likelihood of achieving good participation rates than surveys that require a greater level 

of effort or time commitment. More detailed types of diet surveys (such as food diaries) can 

frequently suffer from low participation rates as they require more time and effort on the part 

of the participants. This can be viewed as onerous for them and may lead to less accurate 

results than those obtained through administration of a FUFS (as the level of care and detail in 

reporting can diminish when the recording of food consumption information is viewed as “a 

chore”). It is recognized though that the FUFS design is also not without potential bias and 

uncertainty, and the FUFS design does not always lead to accurate reporting of food 

consumption frequency, rates or serving sizes either. All types of diet surveys have biases and 

pros and cons, and there is no one ideal design that will reliably and consistently yield more 

accurate data than another. When detailed dietary data are required, it may be necessary to 

apply more than one survey design type at a few or more intervals throughout a year. While it 

is believed that the application of the FUFS design to the DS food questionnaires yielded 

reliable and representative data (See Section 2.3.7.3), future follow-up diet surveys in the 

LCHGP study area communities may need to occur if more detailed data on diet patterns is 

deemed necessary. In that event, survey designs other than or in addition to a FUFS design 

may merit consideration. 

 

The DS questionnaires were stratified such that survey results could be evaluated separately 

(as necessary) on the basis of age groups, gender, communities, and aboriginal organization 

affiliation. The questionnaires were also designed to enable easy separation of dietary pattern 

data on country foods versus store bought foods and by other food categories such as fish, 

seafood, game meats and store-bought meats.  
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The baseline DS questionnaires collected the following types of information from study area 

community participants with respect to consumption patterns of both traditional harvested 

country foods and market basket (store-bought) foods: 

 

 What/which country foods are harvested and consumed (including species, if known); 

 Whether or not country food harvesting occurs in areas that may be affected by the 

LCHGP (locations where harvesting occurs); 

 The frequency of consumption of country food items; 

 The portions (including tissues and organs) of country food items that are consumed; 

 The country food item preparation methods that are used and the manner in which 

the food item is consumed (e.g., raw? cooked? trimmed?); 

 The typical meal or serving sizes of country food items (visual aids were used that 

showed typical sizes of known quantities on a plate, to help participants estimate meal 

or serving sizes); 

 Whether or not there are seasonal or cultural constraints on consumption (e.g., is a 

food item preserved or stored and consumed year-round or is it consumed only when 

harvested fresh and in season?); 

 The types of store-bought foods that are typically consumed; 

 The frequency of consumption of such store-bought foods, their typical preparation 

methods, meal/serving sizes, and seasonal/time of year consumption patterns; 

 Demographics of the participants (e.g., age, gender, body weight range, aboriginal 

organization affiliation, residency status); 

 Occupations (especially those that may result in Hg exposure); 

 Participant desire to receive their personal hair data and/or copies of baseline DS and 

HBP reports (or a summary of the DS and HBP report); 

 Hobbies that may result in Hg exposure; 

 Use of consumer products that may contain Hg (such as hair dyes); and, 

 Presence of Hg-containing dental fillings or amalgams; 

 

Some of the DS questionnaire items were directed towards identifying potential variables that 

may help explain HBP outcomes (i.e., hair THg/MeHg concentrations), and that may indicate 

potential sources of Hg exposure other than the diet.  

 

Further details on the DS were previously provided in the DS/HBP work plan (Nalcor Doc. No. 

LCP-PT-MD-0000-EV-PL-0030-01) and in the final report of the baseline DS and HBP (i.e., 

Golder, 2015). 
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 Brief Summary of Baseline Human Biomonitoring Program 1.2.4.3

The HBP consisted of collecting hair samples from DS participants and analysing the collected 

samples for THg and MeHg. Hair was focused on in the HBP because hair Hg content is well 

established in the scientific literature as the primary biomarker of long term MeHg exposure in 

humans and there are also well established relationships between hair THg/MeHg content, 

blood THg/MeHg content and external doses of THg/MeHg (e.g., EFSA, 2012a,b; WHO, 2004; 

2011; 2012; U.S. EPA, 2001; NRC, 2000; Berglund et al., 2005; Bartell et al., 2004; ATSDR, 1999; 

2013; UNEP, 2011; U.S. EPA MRC, 1997). Furthermore, hair Hg content has been used as the 

main exposure metric in all major studies of human MeHg exposure around the world that 

have generated much of what is known about the human health effects of MeHg. Hair THg 

analysis is also commonly evaluated in many First Nations environmental health and 

biomonitoring programs conducted within Canada. 

 

In human populations that consume large amounts of wild fish, the fish consumption rates are 

often well correlated to the concentrations of THg in hair (e.g., Berglund et al., 2005; Björnberg 

et al., 2005). In many studies, only THg is measured in human hair. This is due to analytical 

costs for THg being less expensive than those for MeHg, but also reflects well established 

observations that among people who consume a lot of wild fish, approximately 80% of the THg 

in hair is present as MeHg (Cernichiari et al., 1995). This proportion can vary as a function of 

diet and other sources of Hg exposure, but it is commonly reported (when both THg and MeHg 

are measured) that most of the THg in hair occurs as MeHg. Thus, in most cases, THg levels in 

the hair of people who regularly consume wild fish will generally provide a reasonably accurate 

and conservative representation of MeHg hair concentrations in those individuals. Some other 

useful features of hair Hg as a biomarker of exposure (as noted in many of the literature 

sources cited above) are observations that MeHg accumulation in hair is directly proportional 

to MeHg content in blood and does not appear to require a threshold blood level for hair 

accumulation to occur. Also, once MeHg or THg has been incorporated into hair, its 

accumulation is irreversible, with no metabolism or reduction in hair Hg concentrations over 

time, or return of Hg from hair to the body’s systemic circulation. Essentially, hair is a route of 

elimination for THg/MeHg in humans. This reflects the high affinity of all Hg compounds for 

sulfur. Hair contains keratin as its main structural protein, which is rich in sulfur-containing 

amino acids, and to which Hg compounds readily bind. Once Hg partitions to hair, it remains in 

hair tissue until the hair is removed. Thus, hair Hg content is well established as being able to 

provide a reliable record of Hg exposure based on length and growth of hair (i.e., given typical 

hair growth rate and Hg/MeHg toxicokinetics, approximately 1 cm of hair represents about 1 

month of exposure) (ATSDR, 1999; WHO, 2004; EFSA, 2012a; U.S. EPA, 2001a). 

 

Another commonly used biomarker of THg and MeHg exposure in humans is measured blood 

concentrations of THg or MeHg. However, blood Hg content is more appropriately used as a  
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biomarker of acute (short term) rather than chronic (long term) THg/MeHg exposure (Bartell et 

al., 2004; Tsuchiya et al., 2012; ATSDR, 1999). The goal of the HBP was to determine baseline 

indicators of chronic (long term) exposure to THg/MeHg. In addition, blood sampling is a much 

more invasive and logistically challenging approach to human biomonitoring than hair sampling. 

For such reasons, and given that hair THg levels correlate strongly with blood THg levels, there 

was considered to be no need to conduct a blood sampling program as part of the HBP. 

However, as part of HBP follow up work, blood testing may be recommended for individuals 

with a potential for elevated acute exposures to THg/MeHg (based on their DS responses, or 

other information suggesting they frequently consume large quantities of locally caught fish) 

and/or for individuals that displayed an elevated baseline hair Hg concentration (although, this 

was not the case for any of the DS and HBP participants). If any study area resident decides to 

have their blood tested for THg or MeHg, the data would be considered confidential between 

that individual and his/her family physician, and would not be evaluated as part of the final 

baseline HHRA. Urinary Hg measurement is not generally considered an appropriate biomarker 

of exposure for MeHg (ATSDR, 1999; WHO, 2012). 

 

Participant hair samples were collected by personnel from Sikumiut Environmental 

Management Ltd. (subconsultatnts to Golder Associates who were part of the DS and HBP 

project team) at the end of each DS interview. These individuals were trained in the hair 

sample collection protocol and sample chain of custody requirements prior to implementing 

the HBP. To ensure consistency in hair sample collection and to minimize sampling error or bias, 

only these individuals collected participant hair samples. The Sikumiut personnel were also 

local to the study area communities (and known by many of the participants) and one member 

belonged to Innu Nation. These personnel are also very familiar with cultural issues and 

sensitivities that may exist in the study area communities. The hair sampling protocol that was 

used is a standard protocol (i.e., Gill et al., 2002) that is consistent with the 2002 study that 

was carried out previously in SH as part of a COMERN project (i.e., Canuel et al., 2006). The 

sampling protocol from Gill et al., (2002) is also used in national annual Health Canada inter-

laboratory performance testing studies for mercury in hair. 

 

Three (3) cm length (or greater) hair samples were collected from the base of the neck from 

each participant, each with a minimum width similar to that of a standard pencil (roughly 1/8 

inch in diameter). Three (3) cm was the minimum required hair length for the HBP and would 

represent roughly the prior three months of exposure, which would capture the late summer/ 

fall harvest seasons for most HBP participants (a period likely to represent a period of high 

potential exposure for HBP participants). HBP participant hair length varied considerably and a 

number of the hair samples collected were > 3 cm. Initial hair analyses occurred on the full 

length hair samples, but for any participant with elevated hair THg concentrations relative to 

other participants (i.e., this involved participants with hair THg concentrations ranging from 

1.14 to 4.34 mg/kg ww), the hair samples were re-analysed for THg using a 3 cm length of hair 
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closest to the scalp at the base of the neck. This was conducted for 19 participant’s hair 

samples.  

 

Hair sample mass requirements were discussed with the analytical laboratory prior to 

implementing the HBP. Each hair sample was assigned a unique identification number that 

matches the hair sample sent for analysis to the individual it was collected from, but the 

identification of the individual was never revealed in any of the HBP or other HHRA program 

documentation. Collected hair samples were placed in pre-labelled plastic Ziploc bags and 

submitted to the analytical laboratory following all required and applicable data chain of 

custody procedures.  

 

The analysis of hair samples (N=293) was conducted by Maxxam Analytics. Maxxam is 

accredited for hair THg and MeHg analysis by the Standards Council of Canada (SCC) under ISO 

guide 17025 (details of Maxxam’s accreditation is available at: 

http://palcan.scc.ca/Specs/PDF/51_e.pdf). All submitted hair samples (N=293) were analyzed 

by Maxxam for THg, with 10% of the hair samples (N=30) also undergoing analysis for MeHg as 

well. This was conducted to confirm the proportion of THg in hair that is MeHg and to 

determine if the % MeHg content of hair was similar to what has been reported by others in 

the scientific literature.  

 

Maxxam’s analytical method for hair THg consisted of a nitric acid/hydrogen peroxide 

microwave digestion followed by cold vapour atomic absorption spectrometry (analytical 

method EPA 245.7 R2 m; laboratory method BBY7SOP-00012). This same analytical method 

was used in the Canuel et al., (2006) study in SH, and is the method used in an annual Health 

Canada inter-laboratory performance study that Maxxam participates in. A strong degree of 

precision and accuracy has been consistently demonstrated in the interlab performance study 

with the noted Maxxam analytical procedure. This analytical method is also the most 

commonly used in numerous other studies of hair THg concentrations conducted around the 

world. The 10% of hair samples that underwent MeHg analysis (in addition to THg analysis) 

were analyzed at Brooks Rand Laboratories in Seattle, Washington (under subcontract to 

Maxxam). MeHg in hair was determined using the U.S. Environmental Protection Agency (EPA) 

Method 1630, Methyl Mercury in Water by Distillation, Aqueous Ethylation, Purge and Trap, 

and Cold Vapor Atomic Fluorescence Spectrometry. Analytical data quality assurance and 

quality control (QA/QC) performance measures were carried out by the laboratories and 

included the analysis of duplicates for calculation of relative percent difference (RPD) and 

analysis of spiked and method blank samples. Laboratory certificates of analysis and laboratory 

quality assurance data for the hair samples are provided in Golder (2015). Neither Maxxam nor 

Brooks Rand noted any data quality issues that would affect the use of hair THg or MeHg data 

for assessment purposes.  
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All hair samples were destroyed following analysis. For DS and HBP participants who requested 

copies of their personal hair data and a summary of the DS and HBP program, personalized 

letters containing such information were mailed in December of 2015. 

 

The DS and HPB had a contingency plan wherein should hair analysis results and/or or DS 

responses suggest elevated THg/MeHg exposure, the project team would work with 

appropriate regulatory agencies and health authorities to develop a strategy to communicate 

such findings and determine appropriate actions to take while respecting the individual’s 

privacy. However, such actions were not necessary as neither DS responses nor baseline 

measured hair THg or MeHg concentrations were suggestive of THg/MeHg exposures that 

indicated an immediate health concern.  

 

Further details on the HBP were previously provided in the DS/HBP work plan (Nalcor Doc. No. 

LCP-PT-MD-0000-EV-PL-0030-01) and in the final report of the baseline DS and HBP (i.e., 

Golder, 2015)  

1.2.5 Review of Previous Studies and Reports Relevant to the LCHGP Study Area 

As previously noted, the LCHGP went through a comprehensive EA process, including a JRP, 

with a number of post-EA regulatory requirements and commitments made in relation to 

MeHg, country foods contamination by MeHg, and human health (See Section 1.2.2. and 

Appendix A). Thus, there are numerous EA and post-EA documents and reports with relevant 

information regarding the overall HHRA program and the final baseline HHRA. All such 

documents and reports were reviewed in detail and carefully considered as the HHRA program 

was being developed and prior to initiating the final baseline HHRA. It is critical that any HHRA 

conducted in relation to a project that underwent a comprehensive EA process, with many 

years of scientific studies, and numerous regulatory requirements and commitments that were 

associated with project release from EA, be developed and conducted in the context of what 

occurred in, and what was learned from these previous studies. It is equally important that 

such a HHRA also be conducted in a manner that builds upon the previous work (including 

addressing key identified data gaps and uncertainties) while addressing regulatory 

requirements and the commitments made.  

 

The previous documents/reports that were considered most relevant towards designing and 

developing the HHRA program, and in implementing the final baseline HHRA study, were as 

follows.  

 

 Nalcor Energy Lower Churchill Project. 2014. Human Health Risk Assessment Plan. 

Nalcor Doc. No. LCP-PT-MD-0000-EV-PL-0026-01. October, 2014. 
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 Nalcor Energy Lower Churchill Project. 2014. Baseline Dietary Survey and Human 

Biomonitoring (Hair Sampling and Analysis) Program Work Plan. Nalcor Doc. No. LCP-

PT-MD-000-EV-PL-0030-01. October, 2014. 

 Health Canada and NG comments on the HHRAP and DS and HBP Work Plan. 

 Golder. 2015. Nalcor Energy Lower Churchill Project. Report on the Baseline Dietary 

Survey and Human Biomonitoring Program. Project No. 1403259. 

 The interim HHRA (i.e., Golder. 2011. Human Health Risk Associated with Mercury 

Exposure (Project No. LC-EV-006). Submitted to: Nalcor Energy Lower Churchill Project. 

Submitted by: Golder Associates. January, 2011. Report No. 09-1113-0093). 

 Health Canada, NLDEC and intervenor comments on the interim HHRA; and, any 

information requests (IRs) and responses related to the interim HHRA. 

 All documents referenced in Appendix A that pertain to regulatory requirements and 

EA and post-EA commitments made by Nalcor with respect to MeHg, country food 

contamination and human health. 

 Aquatic Environmental Effects Monitoring Program reports and associated fish and 

seal mercury concentration data. In particular, the following:  

o Lower Churchill Hydroelectric Generation Project Aquatic Environmental 

Effects Monitoring Program. Muskrat Falls. Submitted by AMEC Environment & 

Infrastructure. June, 2013. NE-LCP-WTRAN-089886. 

o Aquatic Environmental Effects Monitoring Program. 1998 to 2015 Baseline 

Conditions. Muskrat Falls. Submitted by: AMEC-FW Environment and 

Infrastructure. April 2016. Project No. TF13104119.1000. 

o Fish and seal mercury concentration (and other parameter) data summaries 

for 1999 to 2016 (provided by AMEC-FW). 

 Various other Environmental Effects Monitoring Program reports posted at: 

https://muskratfalls.nalcorenergy.com/environment/generation/.  

 The EIS for the Project (i.e., Nalcor. 2009a. Lower Churchill Hydroelectric Generation 

Project. Environmental Impact Statement. February, 2009). 

 Several EA Component and Baseline Studies to the EIS, including: 

o Component Studies. Aquatic Environment (2). Mercury. Report 1 of 5. 

Assessment of the Potential for Increased Mercury Concentrations. January, 

2009. Environmental Impact Statement for the Lower Churchill Hydroelectric 

Generation Project. Nalcor Energy Lower Churchill Project. 

o Lower Churchill Hydroelectric Generation Project, Environmental Baseline 

Report: Assessment of the Potential for Increased Mercury Concentrations. 

Prepared by: Reed Harris and David Hutchinson, Tetra Tech Inc., Oakville, 

Ontario, in association with AMEC Americas, Earth & Environmental, St. Johns, 

Newfoundland, March 4, 2008. 

o Harris, R., and Hutchinson, D. 2008. Lower Churchill Hydroelectric Generation 

Project Environmental Baseline Report: Assessment of the Potential for 
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Increased Mercury Concentrations. Tetra Tech Inc. in association with AMEC 

Americas, Earth and Environmental. March 4, 2008. 

 Selected technical Information Responses to JRP IRs, including:  

o IR# JRP.166. Downstream Effects below Muskrat Falls. This includes the 

following technical reports that were attached to IR# JRP.166. 

 Information Responses. Lower Churchill Project. CEAA Reference No. 

07-05-26178. Joint Review Panel. Attachment A - Modeling the 

Dispersion of Mercury and Phosphorous in Lake Melville. IR# JRP.166. 

Technical Memorandum in support of the Nalcor response to IR# 

JRP.166. Prepared by: Oceans Limited. December, 2010. 

 Information Responses. Lower Churchill Project. CEAA Reference No. 

07-05-26178. Joint Review Panel. Attachment B - Statistical Analysis of 

Mercury Concentrations in Fish from the Lower Churchill River and 

Estuary. IR# JRP.166. Prepared by: Stantec. Report File No. 121510170. 

December, 2010. 

 Information Responses. Lower Churchill Project. CEAA Reference No. 

07-05-26178. Joint Review Panel. Attachment C - Application of a 

Mechanistic Mercury Model to the Proposed Lower Churchill 

Reservoirs. IR# JRP.166. Technical Memorandum in support of the 

Nalcor response to IR# JRP.166. Prepared by: Reed Harris and David 

Hutchinson, Reed Harris Environmental Ltd., and Don Beals, Beals and 

Associates. December, 2010. 

o IR# JRP.156 Mercury Levels in Fish. Information Responses. Lower Churchill 

Project. CEAA REFERENCE NO.07-05-26178. Joint Review Panel. Volume I. IR#s 

JRP.146 to JRP.164. August, 2010. 

 DFO. 2009. Science Evaluation of the Environmental Impact Statement for the Lower 

Churchill Hydroelectric Generation Project to Identify Deficiencies with Respect to Fish 

and Fish Habitat. DFO Can. Sci. Advis. Sec. Sci. Advis. Rep. 2009/024. 

 Sikumiut. 2009. Labrador Inuit Knowledge of Lake Melville. Prepared for: Nunatsiavut 

Government. Prepared by: Sikumiut Environmental Management Ltd. June, 2009. 

 Oceans Ltd. 2010. Modeling the Dispersion of Mercury and Phosphorus in Lake Melville. 

Technical Memorandum prepared for Nalcor Energy. 

 Goudie, I. 2011. Downstream Effects of the Lower Churchill Hydroelectric Project: 

Terrestrial Issues Review and Some Proposed Approaches. LGL Report No. SA1111. 

Prepared for NALCOR ENERGY. 76 pp + appendices. 

 NG-led research on Lake Melville and Labrador Inuit, including:  

o Durkalec, A., Sheldon, T., Bell, T. (Eds). 2016. Lake Melville: Avativut 

Kanuittailinnivut (Our Environment, Our Health). Scientific Report. Nain, NL. 

Nunatsiavut Government. 
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o Schartup, A.T., Balcom, P.H., Soerensen, A.L., Gosnell, K.J., Calder, R.S., Mason, 

R.P., and Sunderland, E.M. 2015. Freshwater discharges drive high levels of 

methylmercury in Arctic marine biota. Available at: 

www.pnas.org/cgi/doi/10.1073/pnas.1505541112. 

 DFO. 2016. Review of Mercury Bioaccumulation in the Biota of Lake Melville. DFO Can. 

Sci. Advis. Sec. Sci. Resp. 2016/015. 

 Various recent regulatory reviews and primary scientific literature on the current 

status of human health effects of Hg and MeHg exposure. 

 Regulatory HHRA guidance from various relevant jurisdictions that represent current 

North American and international HHRA best practices and approaches with respect to 

THg and MeHg (including: Health Canada, U.S. EPA, WHO, EFSA, ATSDR). 

 

The final baseline HHRA presented herein follows from and builds upon these previous studies 

(listed above). The final baseline HHRA and the overall HHRA program also strive to account for 

key identified data gaps and uncertainties that were associated with the 2011 interim HHRA, as 

well as key community, aboriginal, and other stakeholder issues and concerns that pertain to 

Hg and MeHg in country food items and the potential human health risks that may result from 

the consumption of such food items. 

 

The 2011 Interim HHRA 

 

The 2011 interim HHRA (Golder, 2011) was one of the main studies that the current final 

baseline HHRA builds upon. As such, the interim HHRA merits some further description and 

discussion. Given the time when it was conducted (2010 to 2011), considerably less LCHGP 

study area aquatic monitoring data were available than exists today, there was no available 

study area-specific DS, and there was no study area-specific HBP that provided baseline THg 

and MeHg biomonitoring data. Thus, the interim HHRA had a number of data gaps and areas of 

uncertainty (as was known and expected at the time) that have since been largely addressed 

by the HHRA program (including the baseline DS and HBP, as well as the final baseline HHRA) 

and the aquatic EEM program. 

 

Given the data gaps and uncertainty that were associated with the interim HHRA, its utility was 

mainly to identify key data gaps and uncertainties that should be addressed before a final 

baseline HHRA is conducted. Thus, the exposure and risk estimates reported in the interim 

HHRA are no longer considered meaningful or accurate and are not referred to herein. Interim 

HHRA exposure and risk estimates are superceded by the exposure and risk estimates 

presented in this final baseline HHRA report.  
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Some of the key data gaps and uncertainties affecting the interim HHRA were as follows. These 

gaps and uncertainties have now been addressed, to the extent practical, by studies conducted 

as part of the HHRA program and by the aquatic EEM program.  

 

 Some of the assessed data on fish and other aquatic organism Hg concentrations were 

from water bodies outside of the LCHGP study area. Such water bodies may not 

adequately represent baseline conditions in study area water bodies.  

 Much of the fish Hg data assessed were older data (late 1970s for some fish Hg 

datasets) that likely did not represent more current baseline study area conditions and 

that may have still been showing an influence of the upper Churchill hydroelectric 

reservoirs near Churchill Falls. As noted in AMEC (2015), and also mentioned in 

numerous EA and post-EA documents, it is widely believed that the influence of the 

upper Churchill project had diminished such that by around 1999, THg concentrations 

in most fish species were similar to those in undisturbed reference lakes in Labrador 

and presumably similar to what baseline conditions would have been like prior to the 

upper Churchill development. Similar conclusions were reached in relation to baseline 

surface water, sediment and zooplankton monitoring programs (e.g., JW, 1999; 

Minaskuat, 2007). 

 Much of the fish Hg concentration data used in the interim HHRA (due to being 

sourced from various previous studies) lacked details on such aspects as: fillet versus 

whole fish, THg or MeHg, and the reported detection limits (RDLs) that were achieved 

for sample results reported as being non-detectable.  

 Limited efforts to apportion THg concentrations in country and store-bought food 

items into %MeHg versus % inorganic Hg. 

 Given that there was no baseline DS information available at the time, the fish and wild 

game consumption rates used in the interim HHRA (including serving sizes and 

assumed consumption frequency) were not well supported and had to largely rely 

upon a survey conducted during the EA that had low rates of participation and 

responsiveness. The transparency regarding how consumption rates were developed 

was also limited. 

 Consumption of seal meat and organs was not assessed, as study area Hg data for seal 

were not available at the time. 

 Potential Hg exposures to the most sensitive human receptors (i.e., developing fetus 

and nursing infant) via placental and lactational transfer were not addressed. 

 Given its preliminary status and data limitations, the interim HHRA was conducted in a 

highly conservative manner and applied a number of assumptions that may have 

substantially overestimated THg and MeHg exposures and risks (e.g., use of maximum 

reported fish THg concentrations rather than statistically-derived exposure point 

concentrations (EPCs); use of elevated organ Hg concentrations from game birds and 
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mammals to represent both meat and organ intakes; tendency to use unrealistically 

high consumption rates that were based on limited available data at the time). 

 The use of what are now somewhat outdated human exposure factors and human 

receptor parameters. 

 Limited discussion of uncertainties and their impact on interpretation of risk estimates 

and limited interpretation of the calculated HQs.  

 

2.0 Human Health Risk Assessment (HHRA) 

The final baseline HHRA objectives, framework, methods, results and conclusions are 

presented in the following sections and subsections. 

2.1 HHRA Objectives and Scope 

As noted previously, Nalcor has committed to completing a final baseline HHRA before the 

LCHGP changes the conditions of the lower Churchill River (i.e., prior to inundation (flooding) 

of the reservoir). 

 

The specific objectives and scope of the final baseline HHRA study are consistent with those 

previously provided in the HHRAP and in the DS and HBP work plan, and were as follows: 

 

 Conduct a comprehensive final baseline HHRA that is representative of the LCHGP 

study area communities potentially affected by the Project, and which assesses and 

determines potential human health risks resulting from exposure to THg/MeHg via the 

consumption of fish and other key country food items (e.g., seal, game birds and 

mammals, wild bird eggs), as well as via the consumption of store-bought food items 

that are known potential sources of THg/MeHg exposure. 

 Conduct the HHRA utilizing existing current scientific literature on the human health 

effects of Hg and MeHg exposure, and current regulatory guidance from various 

relevant jurisdictions that represent HHRA best practices and approaches. 

 Build upon the previous relevant studies conducted during and after the LCHGP EA, 

including the 2011 interim HHRA, and incorporate relevant new (additional) baseline 

data and updated exposure information (i.e., from the baseline DS, HBP, and aquatic 

EEM program), that addresses the major uncertainties and data gaps identified for the 

interim HHRA.  

 Provide a point of pre-inundation (and pre-impoundment) comparison should there be 

future increased concentrations of THg/MeHg in key country food items and future 

increased human exposure rates to THg/MeHg from the consumption of such country 

food items.  
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 Consult with relevant communities (including Innu Nation, NG and NCC) and address or 

incorporate the issues and concerns of such communities to the extent that is practical 

and relevant to the HHRA. 

 Consult with Health Canada and relevant Provincial departments (such as Environment 

and Conservation, Health and Community Services), and community health authorities 

in Labrador (e.g., Labrador-Grenfell Health), for input into Hg/MeHg human health-

related issues and concerns, and the communication of human health risks as well as 

the potential need for country food consumption advisories. 

 Address regulatory requirements and the commitments made by Nalcor in relation to 

Hg, MeHg, country food contamination and human health. 

 Provide data that can help establish methods and approaches for the design/ 

development, implementation and communication of future mitigation plans (such as 

future consumption advisories (if necessary) for Hg and MeHg, should future aquatic 

EEM program monitoring data indicate a potential for increased THg/MeHg exposures 

due to the consumption of country food items in LCHGP study area communities). 

 Based on the outcomes of the final baseline HHRA, determine if action(s) is/are 

necessary to mitigate potential human health risks prior to reservoir flooding.  

 Prepare a report summarizing the approach, methodology, findings/outcomes, 

conclusions and recommendations of the HHRA. 

 

To achieve these objectives, the final baseline HHRA was conducted at a detailed quantitative 

level of effort in accordance with current Health Canada HHRA guidance (See Section 2.2).  

 

The HHRA is limited to and focuses on potential chronic (long-term) THg/MeHg exposures that 

human receptors may incur via the ingestion of country foods harvested within the LCHGP 

study area (as well as THg/MeHg exposures incurred by the ingestion of common store-bought 

food items that are also known to contain elevated THg/MeHg concentrations). No other areas 

and no other local or regional environmental or health issues that cannot be clearly associated 

with the LCHGP are considered or evaluated herein.  

 

The HHRA evaluates current baseline exposures and risks associated with THg/MeHg in the 

LCHGP study area (i.e., a prospective study). It does not evaluate potential exposures and risks 

that may have been present in the past (i.e., retrospective study). Typically, HHRAs are 

prospective in nature and focus on current and/or future conditions. HHRAs are rarely 

conducted in a retrospective manner, unless one of the goals of the HHRA is reconstruction of 

past exposures that are believed to have been associated with observed human health effects 

or disease conditions (this is not the case for the current final baseline HHRA though). The 

focus of this HHRA is on baseline study area conditions. Potential future THg/MeHg exposures 

and risks will be considered in forthcoming consumption advisory program documentation.  
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It is important to recognize that a HHRA is not a public health assessment, a health impact 

assessment or any type of epidemiology or disease/health outcome surveillance study. Such 

assessments and studies have different design considerations, data needs and methodologies 

than HHRAs. 

2.2 HHRA Framework 

A HHRA is essentially a scientific study which estimates the nature and likelihood of the 

occurrence of adverse health effects in humans following chemical exposures. The 

fundamental purpose of any HHRA is to estimate or determine whether people working at/in, 

living at/in, or visiting a given location or study area are being exposed, or are likely to be 

exposed, to concentrations of chemicals that have the potential to result in adverse human 

health effects (i.e., toxicity). The potential for toxicity to occur as a result of chemical exposure 

is based on the dose response concept, which is fundamental to the responses of biological 

systems to all chemicals, whether they are therapeutic drugs, naturally occurring substances, 

or anthropogenic chemicals in the environment (i.e., “the dose makes the poison”; this means 

that the potential for adverse effects in a given individual increases with increasing chemical 

concentrations in critical target tissues). The concentrations of chemicals in the target tissues 

(i.e., the delivered dose) are determined by the degree of exposure of an individual to foods 

and environmental media that contain the chemicals of interest. Thus, “the exposure makes 

the dose, and the dose makes the poison.”  

 

The HHRA framework is a systematic methodology that enables the prediction of people’s 

exposure to chemicals in the environment, and the potential health risks that may result from 

those exposures. 

 

A HHRA typically consists of five main steps or phases, as outlined below and in Figure 4. 

 

 Problem Formulation: identification of chemicals of potential concern (COPCs) as well 

as receptors and exposure pathways/routes/scenarios of potential concern; 

 Exposure Assessment: estimation of exposure of hypothetical human receptors to each 

of the COPCs; 

 Toxicity (Hazard) Assessment: determination of an exposure limit or toxicological 

(toxicity) reference value (i.e., TRV – a concentration of a chemical not expected to be 

associated with adverse health effects) for each of the COPCs; 

 Risk Characterization: calculation and description of risk associated with the estimated 

exposures and toxicity (including: expressing human health risk estimates as hazard 

quotients (HQs) and other lines of evidence (LOE) such as comparisons of media and 

tissue concentrations against regulatory toxicological benchmarks, and evaluating the 

impact of conservative assumptions and key areas of uncertainty and variability on the 

human health risk estimates); and, 
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 Risk Management Recommendations: determination of the need for corrective action, 

and development of study area-specific risk management objectives and/or plans, if/as 

required. 

 

In many HHRAs, it is relatively common for the term “quantitative human health risk 

assessment” to collectively apply to the exposure assessment, toxicity assessment and risk 

characterization steps of HHRA. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 4:  HUMAN HEALTH RISK ASSESSMENT FRAMEWORK 

 

Consultation (with regulators and other stakeholders), communications and data validation are 

also important elements of the HHRA process, which typically occur throughout a HHRA study. 

This was the case as well in the current HHRA. Consultation activities related to the HHRAP and 

the DS and HBP were previously described in Sections 1.2.3 and 1.2.4.1. 
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The HHRA was conducted in accordance with the following Canadian regulatory guidance 

documents: 

 Health Canada. 2010a. Federal Contaminated Site Risk Assessment in Canada Part I: 

Guidance on Human Health Preliminary Quantitative Risk Assessment (PQRA). Version 

2.0. September, 2010 (Revised 2012). Prepared by: Contaminated Sites Division, Safe 

Environments Directorate. Cat.: H128-1/11-632E-PDF.  

 Health Canada. 2010b. Federal Contaminated Site Risk Assessment in Canada. Part V. 

Guidance on Human Health Detailed Quantitative Risk Assessment for Chemicals 

(DQRACHEM). September, 2010. Prepared by: Contaminated Sites Division, Safe 

Environments Directorate. Cat.: H128-1/11-639E-PDF. 

 Health Canada. 2010c. Federal Contaminated Site Risk Assessment in Canada Part II: 

Health Canada Toxicological Reference Values (TRVs) and Chemical-Specific Factors. 

Version 2.0. September, 2010. Prepared by: Contaminated Sites Division, Safe 

Environments Directorate. Cat.: H128-1/11-638E-PDF. 

 Health Canada. 2010d. Federal Contaminated Site Risk Assessment in Canada. 

Supplemental Guidance on Human Health Risk Assessment for Country Foods 

(HHRAFoods). October, 2010. Prepared by: Contaminated Sites Division, Safe 

Environments Directorate. Cat.: H128-1/11-641E-PDF. 

 Health Canada (HC). 2007. Human Health Risk Assessment of Mercury in Fish and 

Health Benefits of Fish Consumption. Bureau of Chemical Safety, Food Directorate, 

Health Products and Food Branch, Health Canada. March, 2007. Cat.: H164-54/2007E-

PDF. 

 

The HHRA also considered or applied widely accepted Hg HHRA guidance and procedures 

developed and endorsed by other international regulatory agencies, such as the United States 

Environmental Protection Agency (U.S. EPA), the World Health Organization (WHO), the U.S. 

Agency for Toxic Substances and Disease Registry (ATSDR), the European Food Safety Authority 

(EFSA), the United Nations Environment Program (UNEP), the U.S. National Research Council 

(NRC), and others, as deemed necessary and appropriate. 

 

The specific methods used to conduct each step of the HHRA, as well as the results and 

outcomes of these steps, are described and discussed in the subsequent sections of this report.  

 

The HHRA risk characterization step considered multiple lines of evidence (LOE) within a 

weight of evidence (WOE) approach (described further in Section 2.6).  
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2.3 Problem Formulation 

The problem formulation step is an important information gathering and interpretation stage, 

which serves to plan and focus the approach of a HHRA. Problem formulation defines the 

nature and scope of the work to be conducted, permits practical boundaries to be placed on 

the overall scope of work and ensures that the assessment is directed at the key areas and 

issues of concern. Data gathered and evaluated in this step of HHRA provides information 

regarding the history and layout of a study area or site, possible exposure scenarios and 

pathways, human receptors of potential concern, chemicals of potential concern, and any 

other specific areas or issues of concern that should be addressed within the HHRA. 

 

Key tasks within the problem formulation step of HHRA typically include the following: 

 

 Study Area/Site/Facility Characterization (including spatial and temporal boundaries 

for a HHRA); 

 Identification of Chemicals of Potential Concern (COPCs); 

 Selection of Exposure Pathways and Routes; 

 Human Receptor Selection and Characterization;  

 Development of a Conceptual Exposure Model (CEM) that illustrates the COPCs, 

human receptors, and exposure pathways and routes that will be evaluated in the 

HHRA; and, 

 Selection and/or Development of Exposure Scenarios. 

The outcomes of these tasks form the basis of the approach taken in the HHRA. The 

methodology and outcomes for each of these tasks, as they relate to the LCHGP study area, are 

described or addressed in the following subsections. 

2.3.1 LCHGP and Study Area Characterization 

A summary of the LCHGP and the Project study area for the final baseline HHRA has been 

previously provided in Section 1.2.1.  

 

For further details, the LCHGP and various physical, chemical, biological, historical and 

socioeconomic aspects of the Project study area have been described extensively in numerous 

previous EA and post-EA studies and reports (many of which are available from the Canadian 

Environmental Assessment Agency (CEAA) Registry website 

(http://www.ceaa.gc.ca/default.asp?lang=En&n=D75FB358-1), and the NLDEC EA website 

(http://www.env.gov.nl.ca/env/env_assessment/projects/index.html ). Detailed descriptions 

of the LCHGP are also available on the Muskrat Falls Website (i.e., 

https://muskratfalls.nalcorenergy.com/project-overview/). There is no attempt made herein to 

reproduce such information that is readily available elsewhere. 
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 Spatial and Temporal Boundaries for the HHRA 2.3.1.1

Spatial boundaries for the final baseline HHRA are defined by the boundaries of the LCHGP 

study area, previously shown in Figure 1. 

 

Temporal boundaries for the final baseline HHRA are current baseline (pre-reservoir flooding) 

conditions.  

 Baseline Health Status in LCHGP Study Area Communities 2.3.1.2

A topic not addressed previously in Section 1.2.1 is the baseline health status within the LCHGP 

study area communities. During the EA, one of the socioeconomic baseline studies was a 

community health study (conducted by Aura Environmental Research and Consulting Ltd., 

2008).  

 

The Aura study focused on standard health determinants and factors that can affect the health 

of a population, including morbidity (disease), mortality, socio-demographics, lifestyle and 

socio-economic factors. Such studies are always limited by the community health data sources 

and the years for which community health data are available. The study noted that reliable 

data for SH Innu were particularly limited due to Innu being under-represented in many of the 

available community health data sources, and that available data for other study area 

communities would be difficult to extrapolate to SH due to various differing demographic, 

cultural and socio-economic factors between SH and the other communities.  

 

The methods, information sources and outcomes of the baseline community health study are 

described in detail in Aura Environmental Research and Consulting Ltd., (2008). Selected 

findings are briefly summarized below.  

 

No health outcomes that can be attributed to the primary human health effects associated 

with MeHg and inorganic Hg exposure were noted in the study (i.e., neurological and 

neurodevelopmental effects, and to a lesser extent, cardiovascular and renal effects). Alcohol 

use and smoking rates tended to be higher in the study area communities relative to other 

regions in NL. Morbidity rates and leading disease categories in the study area were found to 

be generally comparable to the rest of NL, with the exception that respiratory diseases and 

injuries/accidental poisonings in the study area communities were slightly higher relative to 

other NL regions. Mortality leading causes in the study area communities were found to be 

similar to those in other NL regions and were dominated by circulatory system diseases and 

cancers, but both of these mortality causes were actually slightly lower in the study area 

communities relative to other NL regions. Infant mortality rates in the study area communities 

were comparable to other NL regions.  
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While the baseline community health study reported no findings that directly relate to the final 

baseline HHRA, it can be important in HHRAs to understand pre-existing community health and 

social issues to help avoid the possibility that chemical exposures could somehow exacerbate 

such pre-existing conditions and issues.  

2.3.2 Selection of Chemicals of Potential Concern (COPCs) 

The goal of COPC selection is to identify the chemicals associated with a given facility, study 

area or site that may pose a potential risk to human health. HHRAs strive to limit the number 

of chemicals evaluated to those that represent the greatest potential concern to people that 

may be present in the area under consideration. This is done because it is often impractical in 

terms of time and cost to conduct a risk assessment for every chemical that has been found at 

measurable concentrations in a particular area. In addition, the environmental media and/or 

biota concentrations of many chemicals associated with a particular facility, study area or site 

may be similar to or lower than concentrations that occur naturally in the area. It is also 

generally preferable in HHRAs to comprehensively evaluate a smaller number of chemicals 

which represent the greatest potential concern, than it is to conduct a less detailed risk 

assessment on a larger number of chemicals that are of lesser potential concern. The COPC 

selection process for HHRA is designed such that if no health risks are predicted for the 

chemicals evaluated, then no health risks would be expected for any of the chemicals not 

included in the evaluation (e.g., those that are present at lower environmental media 

concentrations, emitted at lower rates, or of lower toxic potency). In some cases, if a large 

degree of risk is predicted for those chemicals initially evaluated, additional chemicals can be 

selected for evaluation in the HHRA, if deemed necessary and appropriate. Thus, the COPC 

selection process is iterative, and is designed to reasonably ensure that no chemicals of 

potential human health concern are overlooked.  

 

In addition, HHRAs that are associated with specific industrial projects typically focus only on 

those chemicals that are project-related (i.e., those chemicals that are expected to increase in 

local environmental media and biota as a result of the project, and thereby increase potential 

human exposure and risk), and do not generally consider the numerous other substances that 

may be present in a given study area’s environmental media and biota due to various other 

natural and anthropogenic sources. COPC selection also considers other key aspects of 

problem formulation, including the most likely or relevant exposure pathways and routes, and 

the human receptor types that are most likely to come into contact with project-related 

chemicals. 

 

Preceding sections of this report, particularly Sections 1.1, 1.2.2, 1.2.3, 1.2.4, 1.2.4.3, 1.2.5, 

and Appendix A, clearly show that Hg (particularly MeHg) has been the primary chemical of 

human health concern in relation to the LCHGP. This has been the case throughout the entire 

EA process and has continued to be the case post-EA. MeHg and Hg are also the only 
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substances specifically mentioned in regulatory documentation and instruments that pertain 

to the LCHGP (such as NL Reg. 18/12).  

 

While MeHg is of principal concern, inorganic Hg must also be considered as a COPC. This is 

because in both country and store-bought food items that contain Hg, there are varying 

proportions of MeHg versus inorganic Hg. While some foods contain mostly MeHg, the THg 

present in those foods is rarely, if ever, 100% MeHg (though 100% MeHg is often assumed for 

HHRA purposes), and some country and store-bought foods are well known to have a higher 

inorganic Hg than MeHg content. MeHg tends to dominate in food items that are of aquatic 

origin or are linked to aquatic food webs, but inorganic Hg (usually as divalent Hg salts and 

complexes) tends to dominate in terrestrial food items, terrestrial biota and in terrestrial and 

aquatic environmental media. Furthermore, it is well known that certain tissues and organs of 

fish, birds and mammals (including country food species and domestic farmed species) will 

often contain a much higher proportion of inorganic Hg relative to MeHg, when compared to 

other tissues and organs in the same species. This is due to demethylation reactions that occur 

in the organisms’ tissues and organs. Demethylation of MeHg occurs in the tissues and organs 

of all vertebrates (including humans) to varying degrees, although it is not believed to occur to 

any significant extent in skeletal muscle tissue or hair, and early life stages (such as fetus and 

newborn) have a lesser ability to demethylate MeHg than older life stages (ATSDR, 1999; 2013; 

U.S. EPA, 2001; EFSA, 2012a). The liver of vertebrate organisms is particularly well known to 

readily demethylate MeHg, such that the MeHg proportion of THg in liver is much lower than 

what is often observed in muscle tissue (i.e., meat). Thus, any HHRA that assesses MeHg in 

country and store-bought foods should also account for the inorganic Hg that will also be 

present in country and store-bought food items to varying degrees. Further information on the 

proportions of MeHg versus inorganic Hg in country and store-bought foods is provided in 

Appendix B. 

 

Another reason why it is important to consider both MeHg and inorganic Hg is the different 

toxicokinetic and toxicological properties of these two key chemical forms of Hg. In humans, 

MeHg and inorganic Hg have different absorption, distribution, metabolism and elimination 

characteristics and kinetics, differing toxic potencies (MeHg is of greater toxicity potency to 

humans than inorganic Hg compounds), and also have different target organs or tissues and 

different modes of toxic action in the target organs and tissues (ATSDR, 1999;2013; U.S. EPA, 

2001; U.S. EPA MRC, 1997; EFSA, 2012a,b; WHO, 2010; 2008; 2004; 1991; 1990). 

 

Elemental Hg (Hg0) is another form of Hg that occurs in the environment but is distinct from 

the inorganic Hg and MeHg forms in that it displays different environmental fate and behaviour 

and toxicological properties than inorganic Hg or MeHg. It is very well known that Hg0 has a low 

vapour pressure and is volatile. It is also highly reactive. Because of these properties, Hg0 

occurs primarily in ambient air, and is not present to any significant extent in soil, water, 
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sediments, or biota (including foods of plant and animal origin). When it is formed in surface 

environmental media (through Hg biogeochemical cycling processes), it rapidly volatilizes and 

partitions to air (ATSDR, 1999). Biochemical conditions within biological organisms do not 

favour the formation or occurrence of Hg0. Thus, the Hg0 content of foods is negligible (WHO, 

1991; ATSDR, 1999). For these reasons, elemental Hg was excluded as a COPC in the HHRA.  

 

Given the above discussion, the only COPCs that were considered in the final baseline HHRA 

are MeHg and inorganic Hg. 

 

The selection of MeHg and inorganic Hg as the sole COPCs in the final baseline HHRA is 

consistent with the previous 2011 interim HHRA (Golder, 2011), is well supported by decades 

of knowledge gained at other hydroelectric generating facilities, and has numerous regulatory 

precedents from HHRAs of other proposed hydroelectric generating projects in Canada and the 

U.S. Other recent HHRAs of hydroelectric projects in Canada have also focused on MeHg and 

inorganic Hg (and often just on MeHg) (e.g., Wilson, 2013). This reflects the fact that 

hydroelectric reservoir creation is well known to create conditions under which inorganic Hg 

can be biotransformed to MeHg. 

 

Section 2.3.2.1 (below) provides a brief summary of why MeHg is of concern in relation to 

hydroelectric generation projects, with respect to the factors that influence its formation in 

reservoirs, and the factors that influence its well-known and well characterized propensity to 

bioaccumulate in aquatic biota and biomagnify within aquatic food webs. MeHg formation and 

accumulation in reservoirs and other aquatic environments has been extensively reviewed in 

the scientific literature. There are numerous comprehensive and detailed review papers and 

other documents that describe and discuss the formation of MeHg in aquatic environments, 

the subsequent environmental fate and behaviour of MeHg, and its bioaccumulation and 

biomagnification within aquatic food webs. It is not within the scope of the final baseline HHRA 

to review or summarize these many existing published comprehensive scientific reviews. Some 

particularly relevant scientific reviews and papers that could be consulted (if desired) for 

further information on the topics of MeHg formation, environmental fate and behaviour, 

bioaccumulation and biomagnification within aquatic environments, include, but are certainly 

not limited to, the following: ATSDR, 1999; U.S. EPA MRC, 1997a; WHO, 2000;2003; AMAP-

UNEP, 2013; AMAP, 2011; 2005; CACAR, 2012; Douglas et al., 2012; Liu et al., 2012; Chetelat et 

al., 2014; Braune et al., 2015; Lucotte et al., 1999; Lehnherr, 2014. Many of these information 

sources were used to develop the summary presented in Section 2.3.2.1. It is noted that a 

number of EA documents and responses to IRs also reviewed the topics of MeHg formation, 

environmental fate and behaviour, bioaccumulation and biomagnification within aquatic 

environments.  
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Additional rationale for the selection of MeHg and inorganic Hg as the sole COPCs for the HHRA 

follows: 

 

 There are no other substances (in addition to Hg) that are known to undergo 

biotransformation to highly bioaccumulative and biomagnitive chemical forms as a 

result of hydroelectric reservoir creation. 

 During the EA, baseline studies demonstrated that there were no chemicals known to 

be present in study area environmental media (air, surface water, groundwater, soil, 

sediments) that exceeded applicable Canadian regulatory human health-based 

environmental quality guidelines for these media.  

 The selection of MeHg and inorganic Hg as the COPCs for the HHRA is appropriate in 

relation to the selected exposure pathways and routes, and the selected human 

receptors (See Sections 2.3.3 and 2.3.4). 

 While the LCHGP will involve the use of various chemical products in the construction 

and operations phases (e.g., fuels, hydraulic fluids, paints, water treatment chemicals 

such as antifoulants, cleaning products, solvents/degreasers), such chemical uses are 

carefully managed and have environmental protection plans (EPPs) which apply to 

their use. Many of these chemical products would be contained or stored within 

LCHGP buildings and infrastructure where there is a negligible potential for 

environmental release. The most likely potential issues associated with the use of 

chemical products would be accidental spills and releases. If such events occur, they 

would be evaluated separately from the final baseline HHRA, and likely in conjunction 

with associated spill monitoring and mitigation programs. 

 

In summary, only MeHg and inorganic Hg were selected as COPCs for evaluation in the HHRA 

for the reasons noted above. No other chemicals are considered to merit assessment in the 

HHRA at this time. In the unlikely event that other chemicals may pose a potential human 

health concern in the future, they can be evaluated in separate HHRA studies (as necessary) at 

that time. 

 Brief Summary of MeHg Formation, Bioaccumulation and Biomagnification in Aquatic 2.3.2.1
Environments 

It has long been known that the primary chemical of concern associated with hydroelectric 

projects is MeHg. This concern is a function of the biogeochemical cycling of Hg in the 

environment, and the conversion of inorganic Hg to MeHg in aquatic systems. 

 

It must first be recognized that hydroelectric projects do not directly emit or discharge Hg to 

any environmental medium. Rather, Hg (present mainly as inorganic divalent Hg) is naturally 

present in virtually all environmental media (air, soil, water, sediments, vegetation, rocks) at 

trace concentrations and is also added in trace amounts to surface soils and water bodies 

CIMFP Exhibit P-00271 - Appendix O - 44 Page 50



 
Final Baseline HHRA 
October 2016 –12-6331-7000 

37 

 

through atmospheric deposition processes. This deposition is a function of global scale 

biogeochemical cycling and long range transport of Hg. In all environmental media, there is 

constant biogeochemical cycling and interconversions of Hg between its predominant chemical 

forms, which are MeHg, inorganic Hg and elemental Hg. In the LCHGP study area, there are no 

local point or mobile sources of Hg other than what occurs naturally in study area 

environmental media and the trace amounts that are added via atmospheric deposition. 

 

Aquatic environments often have conditions that favour the conversion of naturally occurring 

inorganic Hg to MeHg. The MeHg may then bioaccumulate and biomagnify in aquatic food 

webs such that people who harvest and consume fish and other country foods of aquatic origin 

(or foods that are linked to the aquatic environment in some fashion) may be exposed to this 

substance. While this occurs routinely in all aquatic environments to varying degrees (as a 

function of numerous interrelated factors), flooding of land areas (such as for hydroelectric 

reservoir creation) can create conditions which lead to the enhanced/increased conversion of 

inorganic Hg to MeHg and the enhanced/increased bioaccumulation and biomagnification of 

MeHg in the reservoir aquatic food web. This may also potentially occur in aquatic areas 

downstream of reservoirs. In general, MeHg formation is largely a phenomenon associated 

with aquatic ecosystems though it can occur (albeit to a much lesser extent) in terrestrial 

ecosystems as well.  

 

Inorganic Hg is converted to MeHg by naturally occurring bacteria populations and 

communities present in aquatic sediments and in the water column. This conversion only 

occurs to a significant extent if the biogeochemical conditions in the sediments or water 

column favour the presence and activity of such bacteria. Sediments are often reported to be 

the medium where most MeHg formation takes place but significant MeHg formation can also 

occur in the water column. Of note, bacteria do not convert inorganic Hg to MeHg for any 

biochemical purpose that is specific to the bacteria themselves (as Hg is not an essential 

nutrient for any organism); rather, this conversion is a consequence of bacterial energy 

metabolism and colony growth. Conditions that tend to favour the bacterial biotransformation 

of inorganic Hg to MeHg include, but are certainly not limited to, the following. There remains 

much that is poorly understood about the key factors that influence MeHg formation in aquatic 

environments (and their underlying mechanisms) and the topic continues to be actively 

researched.  

 

 Increased organic carbon (OC) levels (which can be indicated by dissolved and total OC 

concentrations in water and total OC concentrations in sediments). Organic carbon is a 

major energy (food) source for many bacterial genera, and is often plentiful when 

terrestrial areas are first flooded. However, not all types or forms of OC are equal with 

respect to stimulating MeHg formation. The OC source, type, composition and ability 

to be readily assimilated (i.e., used as a carbon source by the bacteria in energy 
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metabolism) can have a major influence on the rate and extent of inorganic Hg 

conversion to MeHg.  

 The presence of native bacteria species in the water and/or sediments that are 

efficient methylators of Hg. Not all species of bacteria are equally efficient or capable 

of converting inorganic Hg to MeHg as a consequence of energy metabolism and 

colony growth. 

 Acidic pH. 

 Low degree of sunlight penetration (such as in turbid or highly coloured water). Low 

sunlight penetration reduces the rate and extent of naturally occurring 

photodemethylation reactions in water and sediments that convert MeHg to inorganic 

Hg. 

 Anaerobic/anoxic or reducing conditions. Anaerobic bacterial species are well known 

to be more efficient Hg methylators than aerobic species. 

 Elevated or abundant sulfate in water or sediments. The bacterial species that are 

known to be the most efficient Hg methylators are sulfate-reducing bacteria that use 

sulfate rather than oxygen as the terminal electron acceptor in microbial respiration. 

This factor is closely linked to anaerobic/anoxic or reducing conditions, as low oxygen 

environments favour bacterial species that can use terminal electron acceptors other 

than oxygen.  

 Low chloride levels (as chloride levels increase, MeHg formation tends to decrease).  

 Increased water temperature (higher temperatures increase microbial activity in 

general).  

 Low water hardness/alkalinity.  

 Increased or decreased nutrients (such as nitrogen (N), phosphorus (P), and nutrient 

metals such as iron (Fe), manganese (Mn), and selenium (Se)). Increased nutrient levels 

may increase microbial activity but can also alter microbial respiration such that there 

can be reduced activity of sulfate-reducers, or shifts in microbial respiration (where 

sulfate-reducing bacteria may be driven to using nitrate instead of sulfate as the 

terminal electron acceptor). Such nutrient-related factors may reduce Hg methylation 

efficiency. Fe and Mn are major minerals in all waters and sediments and their 

presence can also shift anaerobic microbial respiration processes to utilize Fe and Mn 

as terminal electron acceptors under certain conditions. Se is well known to tightly 

bond with all forms of Hg such that it greatly reduces the bioavailability and toxicity of 

MeHg and all other Hg compounds. Hg-Se compounds are also less amenable for 

methylation reactions.  

 Sediment particle size distribution that is dominated by finer grained particles. MeHg 

formation tends to be higher in sediments dominated by fines (silt, clay) rather than 

coarser particles (sand, gravel). This is a function of finer grained sediments having 

higher surface area to volume ratios than coarser sediments and a higher number of 

binding sites that can adsorb OC, and various nutrient substances. Finer-grained 
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sediments also tend to have more abundant and diverse microbial populations relative 

to coarser-grained sediments. 

 Elevated initial aquatic media inorganic Hg concentrations. In some aquatic 

environments, the higher the concentrations of inorganic Hg in aquatic media that are 

available to be methylated, the greater the potential that Hg methylation may occur. 

However, this relationship is often not significant and MeHg formation is commonly 

found to be independent of the inorganic Hg levels in aquatic media. This likely reflects 

the various chemical factors that influence inorganic Hg speciation and reactions in 

water and sediments (e.g., pH, redox conditions, OC, salinity, concentrations of various 

other metals and anions).  

 Low energy hydrodynamics. MeHg formation tends to be greatest in waters that have 

low flow rates, a tendency to be stagnant with limited water exchanges, a tendency to 

be not well mixed or stratified, limited wave and tidal energy, and an overall reduced 

capacity for dilution, dispersion and attenuation.  

 

The MeHg ion is of high water solubility (as are MeHg-inorganic salt and MeHg-OC complexes 

that form in the water column). MeHg and most MeHg complexes are readily taken up by 

aquatic organisms including fish (in fish, uptake is efficient both across gill surfaces and via the 

diet). Once taken up by aquatic organisms, MeHg has a high affinity for sulfur-rich proteins. 

These proteins are abundant in the tissues of aquatic organisms at various trophic levels but 

are especially abundant in fish muscle tissue. When MeHg is bound to the sulfur-rich proteins 

in muscle, the resulting complex is quite stable and there is little metabolism of MeHg within 

muscle, or MeHg migration out of muscle tissue into other tissues. Such characteristics of 

MeHg lead to its well-known high propensity to bioaccumulate in aquatic organisms and to 

biomagnify in aquatic food webs, where MeHg concentrations increase in successively higher 

aquatic trophic levels such that predatory fish and fish-eating birds and mammals (and human 

consumers of fish, birds and mammals), may be exposed to much higher concentrations of 

MeHg (sometimes up to several orders of magnitude higher) than occurs in water or sediments.  

 

The factors that influence MeHg bioaccumulation and biomagnification are equally complex as 

those that influence MeHg formation, and many of the same factors are important and 

strongly influence these processes. To add to the complexity, it is well known that some of the 

factors that increase MeHg formation rates tend to reduce MeHg bioaccumulation rates. For 

example, increasing levels of dissolved OC in water or OC in sediments tend to be associated 

with an increase in MeHg formation, but once formed, soluble MeHg readily complexes with 

dissolved OC in water and these complexes are of lower bioavailability (though still 

bioavailable) relative to the free MeHg ion or MeHg-inorganic salts in solution (such as MeHg-

Cl). Also, as chloride levels in water increase, MeHg formation tends to decrease, but MeHg-Cl 

complexes are of high solubility and bioavailability, and high chloride levels in water may 

facilitate MeHg release from sediments (as MeHg-Cl), which may in turn increase the water 
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concentrations of this complex. Some other key factors influencing MeHg accumulation and 

biomagnification in aquatic ecosystems include fish species distributions, fish age/size 

distributions, and various factors that affect fish growth rates, fish diets and fish foraging 

ecology (such as nutrients, prey/food resource availability, competition from other species, 

predation rates, fishing pressure). 

 

Figure 5 depicts a simplified illustration of Hg biogeochemical cycling in an aquatic system. 

Figure 6 shows a simplified illustration of MeHg formation and accumulation within a 

hydroelectric reservoir. 

 

 
FIGURE 5:  SIMPLIFIED ILLUSTRATION OF MERCURY BIOGEOCHEMICAL CYCLING IN AN AQUATIC 
SYSTEM (ENGSTROM, 2007) 
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FIGURE 6:  SIMPLIFIED ILLUSTRATION OF METHYMERCURY FORMATION AND ACCUMULATION WITHIN 
A HYDROELECTRIC RESERVOIR 

 

Despite the fact that many of the factors influencing MeHg bioaccumulation and 

biomagnification in aquatic environments are not well understood at this time, these processes 

are well documented phenomena in numerous water bodies, and often result in human health 

concerns related to the consumption of fish and other country foods of aquatic origin 

(including fish-eating mammals and birds). Such concerns often lead to the issuance (by 

regulatory authorities) of fish consumption advisories (CAs) for certain fish species (particularly 

predatory fish species). Across North America, MeHg is the single biggest reason for a fish CA 

to be issued (e.g., https://www.ontario.ca/environment-and-energy/eating-ontario-fish; 

https://www.ec.gc.ca/mercure-mercury/default.asp?lang=En&n=DCBE5083-1; 

https://www.epa.gov/fish-tech). While hydroelectric projects tend to be associated with an 

elevated potential for MeHg formation, bioaccumulation, biomagnification and human health 

risk, relative to other water bodies, the processes of MeHg formation, bioaccumulation and 

biomagnification occur in all water bodies to varying degrees. At the noted fish CA websites, 

CIMFP Exhibit P-00271 - Appendix O - 44 Page 55

https://www.ontario.ca/environment-and-energy/eating-ontario-fish
https://www.ec.gc.ca/mercure-mercury/default.asp?lang=En&n=DCBE5083-1
https://www.epa.gov/fish-tech


 
Final Baseline HHRA 
October 2016 –12-6331-7000 

42 

 

there are many active advisories in place for MeHg in fish that have nothing to do with 

hydroelectric reservoirs, or point sources of Hg contamination (such as mines).  

 

It is important to recognize that the biomagnification of MeHg in fish (as well as in fish-eating 

birds and mammals), to levels that may pose a human health concern, does not occur 

immediately when a reservoir is created. For newly flooded areas, such increases occur on the 

order of years to decades. With respect to the LCHGP, EA documentation noted that there 

would be a low to moderate increase in fish muscle MeHg levels within 10-20 years of reservoir 

creation (flooding), which would then peak or plateau within 5-15 years (10 years for most fish 

species), followed by a gradual decline back to baseline (pre-flooding and pre-reservoir 

creation levels) by 15-30 years post-reservoir creation (Harris and Hutchinson, 2008; JRP, 

2010a). These predictions were based on observations from existing northern latitude 

hydroelectric projects in Canada and regression modelling approaches. 

 

In permanent natural aquatic environments, more of an equilibrium is often established 

(relative to the first 2 to 3 decades of a reservoir) with respect to MeHg formation, 

bioaccumulation, biomagnification and overall Hg biogeochemical cycling, but that does not 

mean that MeHg levels in fish from such water bodies are not elevated. Fish in natural 

permanent water bodies can frequently have MeHg concentrations in muscle tissue that are as 

high or higher than those in fish from hydroelectric reservoirs or from areas downstream of 

reservoirs.  

2.3.3 Selection of Exposure Pathways and Routes 

People can come into contact with chemicals in a variety of ways, depending on their daily 

activities and their land/resource use patterns. The means by which a person comes into 

contact with a chemical in an environmental medium are referred to as exposure pathways. 

The means by which a chemical enters the body from the environmental medium are referred 

to as exposure routes. There are three major exposure routes through which chemicals present 

in environmental media can enter the body: inhalation, ingestion and dermal absorption 

through the skin. For each of these major exposure routes, there are a number of potential 

exposure pathways. For example: 

 

 Inhalation of gases, vapours, and dusts/particulate material through the lungs. 

 Ingestion of soils, dusts, drinking water, garden produce, local country food items (e.g., 

fish, shellfish, game meats, wild berries/plants), grocery store-bought food items, and 

accidental/incidental ingestion of surface or ground water, and sediments). 

 Dermal absorption (uptake through the skin) from direct skin contact with 

gases/vapours, soils/dusts, water and other materials. 
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Exposure pathways may require direct contact between human receptors and the media of 

concern (e.g., ingestion of soil or water), or may be indirect, requiring the movement of the 

chemical from one environmental medium to another (e.g., the uptake and/or transfer of a 

chemical from water or sediments into fish, which is then ingested by an individual).  

 

The potential for adverse human health effects to occur as a result of exposure to chemicals, in 

any medium, is directly related to the exposure pathways. If there is no possible pathway of 

exposure to a chemical, regardless of its toxic potency or concentration within a given medium, 

there is no potential for the development of adverse health effects from that chemical.  

 

When selecting relevant exposure pathways for a HHRA, it is important to consider study area-

specific data on land and resource use (including country food harvesting patterns), dietary 

patterns and preferences, and the issues and concerns that local community members and 

other stakeholders may have in relation to a site, study area or facility, if such information is 

available.  

 

For the final baseline HHRA, relevant human exposure pathways and routes were selected 

based upon the following: detailed review of the baseline DS outcomes; reviews of the various 

key previous EA and post-EA studies and reports that relate to the LCHGP study area (listed in 

Section 1.2.5); review of the regulatory context and requirements for the final baseline HHRA, 

and EA commitments related to the LCHGP HHRA program (summarized in Appendix A); 

consideration of the outcomes of other steps of Problem Formulation (particularly COPC 

selection – Section 2.3.2, and human receptor selection – Section 2.3.4), the outcomes of 

discussions/consultations with LCHGP study area aboriginal communities, other stakeholders, 

Health Canada, NLDEC, and NLDHCS on the HHRAP and DS and HBP Work Plan and final report; 

reviews of the scientific literature on the topics of MeHg formation, bioaccumulation and 

biomagnification in aquatic ecosystems; reviews of the scientific and regulatory literature on 

MeHg exposures, human toxicology and human health risks; reviews of other recent HHRAs of 

hydroelectric projects; and, professional judgment and experience.  

 

These reviews clearly showed that country food harvesting (including fishing and 

hunting/trapping of game birds and mammals) occurs within the LCHGP study area to varying 

degrees, but that most food items consumed within study area communities are purchased 

from grocery stores. From these reviews and considerations, it was clearly evident that country 

food and store-bought food ingestion-based exposure pathways are the most relevant with 

respect to assessing human exposure to both MeHg and inorganic Hg (the COPCs selected for 

evaluation in the HHRA). 
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The specific exposure pathways and routes that were selected for evaluation in the HHRA were 

as follows: 

 

 Ingestion of country foods from the LCHGP study area that are most likely to contain 

MeHg and/or inorganic Hg1 (e.g., fish, seal meat/organs, wild bird and terrestrial 

mammal game meats/organs, wild bird eggs). 

 Ingestion of commonly consumed store-bought (market basket) food items that are 

most likely to contain MeHg and/or inorganic Hg1 (e.g., fresh, frozen or canned fish and 

shellfish, domestic livestock meats, eggs). While not directly influenced by the LCHGP, 

this pathway is important to consider in any HHRA that evaluates MeHg and/or 

inorganic Hg, as certain grocery store foods (especially seafood products) can 

contribute significantly to human MeHg and inorganic Hg exposure. Many people 

receive the bulk of their MeHg and inorganic Hg exposure from routine daily 

consumption of store-bought foods. 

 Ingestion of breast milk by nursing infants whose mothers are exposed to MeHg via the 

consumption of country and store-bought foods.  

 Exposure of the developing fetus due to maternal placental/cord blood transfer of 

MeHg (from pregnant mothers-to-be who are exposed to MeHg via the consumption 

of country and store-bought foods).  

 

The latter two pathways (breast milk ingestion and maternal placental/cord blood transfer) are 

of relevance in the HHRA given the well-known transfer of MeHg from maternal blood to fetal 

blood and into breast milk, and sensitivity of the developing fetus and nursing infants to the 

neurodevelopmental effects of MeHg. It is well established in the scientific literature that the 

most sensitive or vulnerable human life stages, with respect to MeHg exposure and risk, are 

the developing fetus, infants and young children (e.g., ATSDR, 1999; 2013; EFSA, 2012a,b; WHO, 

2010; 2008; 1990; HC, 2007; U.S. EPA MRC, 1997; U.S. EPA, 2001).  

  

These exposure pathways and routes were considered to be the most relevant for the final 

baseline HHRA. No other exposure pathways and routes were assessed. The selected exposure 

pathways and routes were assessed under the exposure scenarios described in Sections 2.3.6 

and 2.3.7, for all selected human receptors (See Section 2.3.4) and considered both MeHg and 

inorganic Hg concentrations and relative proportions in the assessed country food and store-

bought food items.  

 

 

 

1
 Further rationale for the country and store-bought foods that are considered most likely to contain MeHg and 

inorganic Hg is provided in Section 2.3.3.1 and in Section 2.3.7.  
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Details regarding the data, assumptions, and methods used to estimate exposure of human 

receptors to MeHg and inorganic Hg, via the selected exposure pathways and routes, are 

provided in Appendices B and C. 

 Excluded Exposure Pathways and Routes 2.3.3.1

While the selected exposure pathways and routes are considered the most relevant for the 

final baseline HHRA, there are a number of other potential human exposure pathways and 

routes for Hg compounds. These other potential pathways/routes were considered, but were 

ultimately excluded from evaluation, as described in the following subsections. HHRAs 

commonly exclude exposure pathways and routes that are not relevant to the study area or 

site under investigation or that lack sufficient data to enable their evaluation with a reasonable 

degree of confidence and/or accuracy. Generally, excluded pathways and routes would be 

expected to make a negligible contribution to COPC exposures, relative to those that are 

selected for evaluation. However, if necessary (due to uncertainty, for example), HHRAs are 

able to account for potential exposure contributions from excluded pathways, to some extent, 

by adjusting (lowering) target HQs in the risk characterization step (Section 2.6). Table 1 

(presented below) summarizes the exposure pathways and routes that were included in, and 

excluded from, the final baseline HHRA.  

 

For many of the excluded exposure pathways and routes, there are insufficient data available 

at this time in relation to local consumption patterns (frequencies and rates) of certain food 

items, and/or LCHGP study area THg or MeHg concentrations within certain food items or 

environmental media, to be able to assess potential MeHg and inorganic Hg exposures via 

these pathways/routes with a reasonable degree of confidence. Thus, if excluded pathways 

and routes were to be raised as issues of concern in the future, additional survey and/or 

sampling programs would likely be required. However, it must be understood that there is no 

reason to suspect elevated MeHg or inorganic Hg exposures and risks via the excluded 

pathways and routes. Many of the excluded pathways and routes relate to food items and 

environmental media that are not directly influenced by the LCHGP (i.e., unaffected by 

reservoir creation, and therefore not linked to the potential effects that reservoir creation may 

have on MeHg formation, bioaccumulation and biomagnification within the study area water 

bodies). 
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TABLE 1:   FINAL BASELINE HHRA EXPOSURE PATHWAYS AND ROUTES 

Exposure Pathway/Route Considered Included in HHRA? (Y or N) 

Ingestion of country foods from the LCHGP study 
area that are likely to contain MeHg and/or 
inorganic Hg (e.g., fish, seal meat/organs, wild bird 
and terrestrial mammal game meats/organs, wild 
bird eggs). 
 

Y 

Ingestion of commonly consumed store-bought 
(market basket) food items that are likely to contain 
MeHg and/or inorganic Hg (e.g., fresh, frozen or 
canned fish and shellfish, domestic livestock meats, 
eggs). 

Y 

Ingestion of breast milk by nursing infants whose 
mothers are exposed to MeHg via the consumption 
of country and store-bought foods.  

Y 

Exposure of the developing fetus due to maternal 
placental/cord blood transfer of MeHg (from 
pregnant mothers-to-be who are exposed to MeHg 
via the consumption of country and store-bought 
foods).  

Y 

Outdoor air inhalation and potential exposure to Hg 
compounds in precipitation. 

N 

Direct soil contact pathways (soil ingestion, 
soil/dust inhalation and soil dermal contact). 

N 

Ingestion of home grown/agricultural produce, wild 
berries and other edible plants. 

N 

Drinking water ingestion. N 

Incidental groundwater ingestion and dermal 
contact. 

N 

Indoor air inhalation and indoor dust contact. N 

Incidental surface water and sediment contact. N 

Ingestion of local livestock animal products. N 

Contact with dental amalgams, vaccine 
preservatives and consumer and personal care 
products. 

N 

Consumption of caribou meat and organs. N 

Consumption of market basket foods other than 
fish, shellfish and animal (livestock) meat products. 

N 

Ingestion of infant formula and baby foods by 
infants. 

N 
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Outdoor Air Inhalation and Potential Exposure to Hg Compounds in Precipitation 

It is well known that Hg compounds can occur at measurable concentrations in ambient air and 

in precipitation in all areas of the world. In ambient air, the forms of Hg are elemental (Hg0) 

vapour (which usually comprises >90% and often >95%-99% of the THg in air), reactive gaseous 

Hg (not elemental Hg, but vapour phase Hg halides and hydroxides), and particulate bound Hg 

(primarily divalent inorganic Hg salts) (U.S. EPA MRC, 1997; WHO, 2007). The reactive gaseous 

Hg and particle bound Hg air concentrations are typically present at concentrations two orders 

of magnitude lower than the typical air concentrations of gaseous elemental Hg. 

(https://www.ec.gc.ca/natchem/default.asp?lang=En&n=7BA8054A-1). In precipitation, most 

of the Hg is present as inorganic Hg salts though very small amounts of Hg in precipitation may 

be present as MeHg. As bacteria can occur in air and on airborne particles, small amounts of 

gaseous and particulate Hg in air can be converted to MeHg; however, the conversion 

efficiency is typically on the order of <1% to a few percent at most (U.S. EPA MRC, 1997; WHO, 

2007; U.S. EPA, 2001).  

 

There are currently no data available regarding Hg air concentrations within the LCHGP study 

area. While there is a Canadian National Air Pollution Surveillance Program air quality 

monitoring station in Happy Valley-Goose Bay, Hg is not among the parameters analyzed for at 

this station. ECCC operates a Hg monitoring network across Canada (with data available at the 

following URL: (https://www.ec.gc.ca/natchem/default.asp?lang=En&n=90EDB4BC-1). The 

data available at this website is largely collected within the Canadian Atmospheric Mercury 

Measurement Network (CAMNet) program. ECCC has been running this program since 1994 at 

11 sites across Canada (though none are in Labrador at this time). ECCC also contributes to 

international monitoring programs for Hg in precipitation, such as the Mercury Deposition 

Network (MDN). While there are no CAMNet or MDN stations in Labrador at this time, there 

are MDN stations in Quebec (Mingan) and two in Newfoundland (Cormack and Stephenville) 

that may be considered representative of what could be expected in the LCHGP study area. In a 

generally rural area such as the LCHGP study area, Hg air concentrations would be expected to 

be very low.  

 

Available ECCC CAMNet data indicates that mean and median THg air concentrations (mainly 

present as elemental gaseous Hg; and based on hourly measured data) are both 1.3 ng/m3. 

This value represents the central tendency of all CAMNet stations in Canada, including urban 

and rural stations from northern and southern regions of the country. Other sources report 

similar values for typical ambient air THg concentrations. For example, UNEP (2001), AMAP 

(2005) and AMAP/UNEP (2013) report that typical THg concentrations in Canadian (and 

generally global) ambient air are around 1.5 ng/m3 and may be lower than that in more rural 

and remote areas with no significant industrial sources of Hg air emissions. The AMAP sources 

specifically focused on reviews of air data from northern regions of Canada and Europe. WHO 

(2007), AMAP (2005) and AMAP/UNEP (2013) note that remote northern areas frequently have 
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THg air concentrations that range between 1 and 2 ng/m3. These typical ambient air 

concentrations of THg are well below (by roughly 3 orders of magnitude) the current NL Reg. 

39/04, Schedule A, 24 hour human health-based ambient air quality standard for THg of 2 

µg/m3 (2000 ng/m3). The reported typical ambient air concentrations of THg account for any 

local or regional scale evasion of elemental Hg from soils and water bodies that may occur, in 

addition to the contributions from long-range atmospheric transport of Hg. 

 

Data on THg levels in precipitation has been collected at the MDN stations in Quebec (Mingan) 

and Newfoundland (Cormack and Stephenville) for the years: 2000 to 2010 (Cormack), 2010-

ongoing (Stephenville), and 1998-2007 (Mingan). The measured THg concentrations in 

precipitation at these 3 stations was consistently very low (range: <1 to 232 ng/L, with most 

values <5 ng/L). Similar trends were observed in the available MDN Hg precipitation data for 

other stations in both Canada and the U.S. MDN program data also shows that MeHg levels in 

precipitation are usually non-detectable but can be present periodically at low concentrations. 

 

Potential human THg or MeHg exposures that could be incurred from contact with 

precipitation are considered to be negligible, based on the expected very low Hg 

concentrations in precipitation, but also the sporadic and short duration of precipitation 

contact events that would occur. The main potential route of exposure would be dermal 

contact of precipitation with exposed skin, but on days of significant precipitation (rain or 

snow), people’s skin is largely covered by clothing, which essentially negates this potential 

exposure route. Any Hg compounds present in precipitation would deposit onto surfaces and 

rapidly partition to soil, water and sediments (where they would undergo biogeochemical 

cycling processes, and where other potential exposure pathways and routes may become 

operable). 

 

In summary, ambient air does not contain the forms of Hg that are COPCs in the HHRA (i.e., 

MeHg and inorganic Hg) to any significant extent, and the likely or expected ambient air and 

precipitation THg concentrations are well below levels that would indicate a potential human 

health concern. Therefore, the potential exposure pathways of outdoor ambient air inhalation 

and human skin contact with precipitation were considered to make a negligible contribution 

to total MeHg and inorganic Hg exposure, and were excluded from further consideration in the 

HHRA.  

 

Direct Soil Contact Pathways (Soil Ingestion, Soil/Dust Inhalation and Soil Dermal Contact) 

While direct soil contact pathways are often major contributors to chemical exposure in HHRAs 

of contaminated sites, this is not the case for the current HHRA. Baseline soil chemistry data 

collected during the EA (N=70 samples) showed that THg concentrations in LCHGP study area 

soils were well below applicable regulatory human health-based soil quality guidelines that are 

protective of the soil ingestion, soil dermal contact and soil/dust inhalation exposure pathways 
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(Nalcor, 2009c). While these were flood zone (reservoir) area samples, there is no reason to 

suspect substantially different soil Hg concentrations at any other location within the LCHGP 

study area, including within the study area communities, as there are no known local or 

regional point or mobile sources of Hg emissions, and soil types are generally similar (in terms 

of geology, mineralogy and texture) across the study area.  

 

Furthermore, MeHg (the primary COPC in the HHRA) comprises a very low proportion of THg in 

soil. It has been reported that MeHg typically comprises 1% to 3% of the THg present in soil, 

and modelling simulations conducted by the U.S. EPA predict that MeHg would generally be 

expected to comprise up to 2% of the THg present in most soils (U.S. EPA MRC, 1997; U.S. EPA, 

2001). The majority of the THg present in soil at any given time is inorganic Hg. It is 

acknowledged that soils with considerable organic enrichment (such as wetland soils, compost, 

gardens that are amended with manure etc.) may be expected to have increased microbial 

activity, and therefore a higher potential for MeHg formation, but even in such soils, the MeHg 

proportion of THg would likely not exceed 10%.  

 

There is also little to no regulatory precedent for assessing direct soil contact pathways in 

HHRAs of hydroelectric facilities (likely due in part to the points noted above). Other recent 

Canadian HHRAs of hydroelectric facilities (which received regulatory acceptance) did not 

evaluate soil contact pathways (e.g., Wilson, 2013; Golder, 2011 - interim HHRA of the LCHGP).  

 

Given the above considerations, direct soil contact pathways were deemed to make a 

negligible contribution to total MeHg and inorganic Hg exposure, and were therefore excluded 

from further consideration in the HHRA. 

 

Because direct soil contact exposure pathways are not of human health concern in this HHRA, 

it follows that secondary exposure pathways that are linked to soil (such as volatilization of Hg 

vapour from soil to outdoor or indoor air, indoor dust contact, soil Hg leaching to 

groundwater/surface water, uptake of Hg from soil into vegetation etc.) are also not of 

concern. Previous and subsequent subsections that address air, dust and groundwater/surface 

water exposure pathways support the conclusion that secondary soil-related exposure 

pathways are not of concern to human health. With the exception of the reservoir, study area 

soil concentrations of MeHg or inorganic Hg will not increase above baseline levels once the 

LCHGP is operational. While MeHg levels are expected to increase in the flooded reservoir area 

soils, the water in the reservoir will prevent direct human contact with the flooded soils. 
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Ingestion of Home Grown/Agricultural Produce, Wild Berries and Other Edible Plants  

Reports produced during the EA process suggest that LCHGP study area community residents 

harvest berries and other terrestrial edible plant species (e.g., Sikumiut, 2009; Nalcor, 2009b). 

However, given the LCHGP study area climate and northern latitude, as well as soil nutrient 

and topographical factors, agricultural activities (such as crop, legume and vegetable 

production) do not occur within the study area. These same factors also limit the ability to 

grow and harvest home-grown produce in the study area. While some baseline DS participants 

claimed to have home gardens in which they grow edible vegetables and fruits, this activity is 

quite limited within the study area communities, largely as a function of the prevailing 

climatology and meteorology and the short growing season.  

 

There appears to be no evidence to date (documented or anecdotal) that aquatic plants are 

harvested and consumed by people residing within the LCHGP study area to any significant 

extent. If there are people that consume aquatic plants, there are presently no LCHGP study 

area data on THg concentrations in edible aquatic plants, nor are there study area-specific data 

on aquatic plant consumption patterns (such as rates and frequencies). Thus, it would not be 

possible at this time to assess aquatic plant consumption in the HHRA with any degree of 

confidence. Should this become a potential exposure pathway of concern in the future, it is 

suggested that aquatic plant consumption rate and frequency data be obtained, as well as 

study-area specific data on THg concentrations in the consumed aquatic plant species.  

 

While it is expected that there is limited to negligible consumption of home-grown produce 

and edible aquatic plants within the LCHGP study area, consumption of wild berries and other 

traditional edible terrestrial wild plants likely occurs to a considerable but highly variable 

degree. At this time, there are no LCHGP study area data on THg concentrations in berries and 

other edible terrestrial plants, nor are there study area-specific data on the consumption 

patterns (such as rates and frequencies) for berries and other consumed terrestrial plants. 

Thus, it would not be possible at this time to assess berry and other terrestrial edible plant 

consumption in the HHRA with any degree of confidence. Should these become potential 

exposure pathways of concern in the future, it is suggested that berry and other terrestrial 

plant consumption rate and frequency data be obtained, as well as study-area specific data on 

THg concentrations in the consumed berry/plant species. 

 

Despite the current data gaps for aquatic plants, berries, and edible non-berry terrestrial plants,  

there is substantial information from the scientific literature which suggests that the 

consumption of any type of edible vegetation contributes negligibly to total MeHg and 

inorganic Hg exposure. For example:  

 

 The uptake of Hg compounds by plant roots is commonly found to be quite limited 

due to the high affinity Hg has for soil/sediment OC. The Hg-OC complexes bind tightly 
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to soil or sediment particles. Because of this, the scientific literature consistently 

shows that vegetables, fruits (including wild berries), legumes, crops and other edible 

plants grown in Hg-impacted soil/sediment generally have very low THg 

concentrations, and even lower MeHg concentrations, in their edible tissues. Plant 

THg and MeHg concentrations are consistently in the part per billion range, if 

measurable at all, and are frequently non-detectable (e.g., Cianchetti, 2009; U.S. EPA 

MRC, 1997; U.S. EPA, 2001; Berti et al., 2013; Rodriguez et al., 2007; Sierra et al., 2008; 

Johansen et al., 2004a,b; Lemire et al., 2015; Gamberg et al., 2000; AMAP, 2005; 

CACAR, 2012). The cited studies include a number of recent analyses of berries and 

other edible plants harvested in Arctic and subarctic regions of Canada, that represent 

reasonable surrogates for the LCHGP study area.  

 Many of the above noted studies, as well as most major reviews of Hg environmental 

fate and behaviour, suggest that Hg in air (as elemental Hg) may be a source of Hg 

uptake into foliar plant tissue that is of greater significance than the root uptake of 

inorganic Hg from soil. However, this uptake mechanism is not significant in areas of 

very low atmospheric elemental Hg concentrations, which is the expected case for the 

LCHGP study area. Typically, foliar uptake of atmospheric Hg is relevant only in urban 

or industrialized areas that have local or regional point sources of Hg air emissions. 

 The THg present in any edible plant species is believed to be comprised mostly of 

inorganic Hg, and many HHRAs and regulatory food safety programs that assess Hg 

commonly assume that all Hg in plant-based food items is in the inorganic form (e.g., 

EFSA, 2012a; all WHO food safety programs to date). There are limited and highly 

variable data though which suggests that some of the THg in plant-based food items is 

MeHg. U.S. EPA MRC (1997) noted that the MeHg proportion of THg in various crop 

and produce species ranged from 0% to 36%. In leafy vegetables, legumes, and fruiting 

vegetables, up to 22%, 9%, and 5% of THg was present as MeHg (U.S. EPA MRC, 1997). 

Little to no information appears to be available on the MeHg content of fruits and 

below-ground vegetables. U.S. EPA MRC (1997) also noted that there are some limited 

data which suggests that some plant species may harbour bacteria communities that 

could potentially methylate the inorganic Hg present in plant tissues. Little is known 

about the relative importance of this process at this time, but given the low rate and 

extent of uptake of Hg compounds from soil/sediment by plants, it is likely that this 

process (if it occurs) is of very limited significance. 

 Support for the limited to negligible uptake of Hg compounds from soil by plants 

comes from the low soil to plant biotransfer factors reported and recommended in the 

scientific literature and in regulatory human health and ecological risk assessment 

guidance (e.g., U.S. EPA MRC, 1997; Baes et al., 1984; U.S. EPA, 2005).  

 Given the above points, it can be concluded that plants typically contain substantially 

lower THg concentrations relative to what occurs in the soil or other environmental 

media that the plants are grown in. As LCHGP study area soil, sediment and surface 
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water THg levels are very low, it follows that any aquatic or terrestrial plant THg 

concentrations would also be very low and likely non-detectable. U.S. EPA MRC (1997) 

noted that THg exposure incurred by the ingestion of plants is expected to be 

insignificant in comparison to the THg exposure that is incurred by the consumption of 

fish and certain bird and mammal game species.  

 There is also growing evidence in the scientific literature that the consumption of 

various plant-based food and beverage items can reduce the absorption of MeHg and 

inorganic Hg that may be present in other food items (such as fish). Thus, the 

consumption of country food plants and market basket fruits and vegetables may 

partially offset the MeHg and inorganic Hg exposures that are incurred by the 

consumption of fish and game-based foods. This topic will be addressed further in 

forthcoming consumption advisory and advice documentation. 

 

Given the above discussion, it is considered that exposure pathways related to the 

consumption of LCHGP study area terrestrial or aquatic vegetation do not pose a human health 

concern. While the current data gaps pertaining to the ingestion of aquatic or terrestrial plants 

are acknowledged, the above discussion suggests that there is no urgent need to fill these data 

gaps unless a substantial degree of community concern were to be expressed in relation to the 

safety of consuming plant-based country food items. 

 

There is also little to no regulatory precedent for assessing vegetation ingestion pathways in 

HHRAs of hydroelectric facilities (likely due in part to the points noted above). Other recent 

Canadian HHRAs of hydroelectric facilities (which received regulatory acceptance) did not 

evaluate such pathways (e.g., Wilson, 2013; Golder, 2011 - interim HHRA of the LCHGP).  

 

Given the above discussion points and considerations, terrestrial and aquatic plant ingestion 

pathways were deemed to make a negligible contribution to total MeHg and inorganic Hg 

exposure, and were therefore excluded from further consideration in the HHRA. 

 
Drinking Water Ingestion 

None of the LCHGP study area communities currently draw their drinking water from the 

Churchill River, Goose Bay or Lake Melville. Water from these study area water bodies is not 

known to be used for any current potable water purpose. The Muskrat Falls and Gull Island 

reservoirs are not anticipated to be used as drinking water supplies in the future.  

 

The drinking water sources for the LCHGP study area communities are as follows (obtained 

from Newfoundland and Labrador Water Resources Portal, Community Water Resources 

Reports (http://maps.gov.nl.ca/water/#PublicWater): 

 Churchill Falls: Smallwood Reservoir. 

 Happy Valley-Goose Bay: Spring Gulch and a Groundwater Wellfield. 
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 North West River and Sheshatshiu: Groundwater Wellfield (Wells #1, #2, #3). 

 Mud Lake: Groundwater Well. 

 Rigolet: Rigolet Pond. 

 

These drinking water supplies are either outside the LCHGP study area, or are not directly 

connected to or influenced by the study area water bodies that are expected to be most 

influenced by the LCHGP (i.e., Churchill River, Goose Bay, Lake Melville). In the response to IR 

JRP.63 (JRP, 2010c), it was previously noted that the aquifer supplying the Happy Valley-Goose 

Bay well field is not directly connected to the lower Churchill River system and is unlikely to be 

affected by any changes to THg or MeHg levels that may occur in the river system. Given the 

higher salinity of Goose Bay and Lake Melville relative to the Churchill River system, it is highly 

unlikely that these water bodies would ever be considered as a drinking water supply. 

 

NLDEC Water Resources Management Division conducts regular and routine testing of the 

study area community drinking water sources, as well as regular or periodic tap water testing 

programs in these communities. These water quality testing programs have consistently shown 

that THg concentrations in source and tap water are well below the Health Canada drinking 

water criterion of 1,000 ng THg/L or 1 µg THg/L 

(http://healthycanadians.gc.ca/publications/healthy-living-vie-saine/water-mercury-mercure-

eau/index-eng.php), and are typically below analytical detection limits. The source and tap 

water testing data for the LCHGP study area communities are available at 

http://maps.gov.nl.ca/water/#PublicWater. Mud Lake (ML) however, is an exception to the 

other communities in that there are currently no source or tap water data for this community 

available at the Water Resources Portal. In addition, baseline well water data for ML (collected 

during the EA process) was not analyzed for Hg. Given that THg concentrations are non-

detectable and/or well below the Health Canada drinking water criterion in the datasets from 

all other LCHGP study area communities, there is no reason to expect ML source or tap water 

to show a different trend. 

 

The chemical form of Hg in source and tap water is essentially 100% inorganic Hg (U.S. EPA 

MRC, 1997). There would be negligible amounts of MeHg in tap water due to the fact that 

drinking water supplies undergo disinfection procedures which kill bacteria. Source water 

filtration could also be expected to filter out MeHg complexes that may be present at trace 

levels in the source water.  

 

Even if the lower Churchill River was to be used as a source of drinking water, Hg would not 

pose a health concern. Baseline river surface water data presented in JW (2001) showed THg 

concentrations of around 1 ng/L or less with no detectable MeHg concentrations. Similarly low 

baseline water THg and MeHg concentrations have been reported consistently in the aquatic 

EEM program (AMEC, 2015).  
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Future peak river water and groundwater THg and MeHg concentrations would also not pose a 

human health concern. The predicted peak concentrations of THg and MeHg in LCHGP study 

area surface water and groundwater (described in IR JRP.63 and IR JRP.166 (JRP, 2010a,c)), 

would remain orders of magnitude below the Health Canada drinking water criterion. 

 

In general, drinking water ingestion is not known to be a major source of Hg exposure in any 

HHRA due to consistently low source water Hg concentrations. With the possible exception of 

specific local point source Hg contamination, HHRAs invariably find that THg and MeHg 

exposures and risks are negligible via the drinking water ingestion pathway. 

There is little regulatory precedent for assessing the drinking water ingestion pathway in 

HHRAs of hydroelectric facilities. This pathway is typically only assessed if a reservoir may 

eventually be used as a drinking water supply. Other recent Canadian HHRAs of hydroelectric 

facilities (which received regulatory acceptance) did not evaluate this pathway (e.g., Wilson, 

2013; Golder, 2011 - interim HHRA of the LCHGP).  

 

Given the above considerations, the drinking water ingestion pathway was deemed to make a 

negligible contribution to total MeHg and inorganic Hg exposure, and was therefore excluded 

from further consideration in the HHRA. 

 

Incidental Groundwater Ingestion and Dermal Contact 

For LCHGP study area community residents, there would be little to no opportunity for direct 

contact with groundwater with the exception of groundwater that is used as a drinking water 

source. The drinking water ingestion pathway is discussed in the preceding subsection.  

 

Even if there were to be incidental ingestion of, or dermal contact with, study area 

groundwater, the exposures would be infrequent, transient and of short duration, such that 

exposure to substances present in the groundwater would be negligible. Furthermore, baseline 

and predicted peak THg and MeHg concentrations in study area groundwater are very low 

(well below the Health Canada drinking water criterion), as noted in the preceding subsection. 

 

In general, incidental groundwater contact is a minor and typically insignificant source of Hg 

exposure in any HHRA. 

 

There is also no identified regulatory precedent for assessing the incidental groundwater 

contact pathway in HHRAs of hydroelectric facilities. Other recent Canadian HHRAs of 

hydroelectric facilities (which received regulatory acceptance) did not evaluate this pathway 

(e.g., Wilson, 2013; Golder, 2011 - interim HHRA of the LCHGP).  
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Given the above considerations, the incidental groundwater contact pathway was deemed to 

make a negligible contribution to total MeHg and inorganic Hg exposure, and was therefore 

excluded from further consideration in the HHRA. 

 

Indoor Air Inhalation and Indoor Dust Contact 

The COPCs in the HHRA (MeHg and inorganic Hg) are of very low volatility and would not 

migrate from subsurface media into indoor environments. The only form of Hg that is volatile 

(i.e., elemental Hg or Hg0, and which is not a COPC in the HHRA) may enter some indoor spaces 

but the volatilization and infiltration rates for this form of Hg are sufficiently low such that Hg 

vapour intrusion is not a concern unless a building is underlain by a plume that contains high 

concentrations of elemental Hg. This is clearly not the case for any location within the LCHGP 

study area. Overall, study area subsurface soil and groundwater concentrations of any Hg 

compound are too low for potential Hg volatilization and vapour intrusion to pose a human 

health concern.  

 

Indoor dust contact pathways are the same as outdoor soil/dust contact pathways (i.e., 

ingestion, dermal and inhalation) and are typically greatly influenced by outdoor soil sources. 

As outdoor soil/dust contact pathways were deemed to make a negligible contribution to total 

MeHg and inorganic Hg exposure, it follows that this would also be the case for indoor dust 

contact exposure pathways. There are no known indoor sources of Hg within buildings or 

building materials that could conceivably lead to elevated indoor dust Hg exposures, certainly 

none that are related to the LCHGP in any event.  

 

No regulatory precedent was identified for indoor air inhalation and/or indoor dust contact 

exposure pathways being assessed in HHRAs of hydroelectric facilities.  

 

Given the above considerations, indoor air inhalation and indoor dust contact exposure 

pathways were deemed to make a negligible contribution to total MeHg and inorganic Hg 

exposure, and were therefore excluded from further consideration in the HHRA. 

  

Incidental Surface Water and Sediment Contact 

While it is possible that study area residents could come into incidental contact with MeHg and 

inorganic Hg in surface water and sediments (through dermal contact and incidental/accidental 

water or sediment ingestion) via such activities as swimming/bathing, and other aquatic 

recreational activities, these exposure pathways are typically associated with infrequent, 

transient, intermittent or episodic events. Such events result in a very low to negligible 

potential for oral and/or dermal exposure. 

 

Surface water ingestion and dermal contact while swimming was assessed in the interim HHRA 

(Golder, 2011), and was determined to contribute insignificantly to MeHg and inorganic Hg 
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exposure. The calculated exposure and risk estimates associated with swimming activity were 

at least several orders of magnitude below the exposure and risk estimates that were 

associated with food ingestion exposure pathways. Golder (2011) excluded sediment contact 

pathways and indicated such pathways would be expected to make a negligible contribution to 

total MeHg and inorganic Hg exposure within the LCHGP study area.  

 

Similar findings were noted for swimming exposures in a 2013 HHRA of the Keeyask reservoir 

in northern Manitoba (i.e., Wilson, 2013). Estimated ingestion and dermal exposures to Hg that 

were incurred during swimming were found to be negligible in this particular HHRA.  

 

As post-EA aquatic baseline monitoring programs have not demonstrated higher water or 

sediment THg concentrations than those measured in baseline EA studies, there is no reason to 

re-assess this pathway in the current final baseline HHRA.  

 

Furthermore, there is no evidence to date of elevated MeHg or inorganic Hg concentrations in 

surface water or sediment samples collected from LCHGP study area water bodies. Sediment 

and surface water THg concentrations have been consistently low to non-detectable since 

baseline aquatic monitoring began (Harris and Hutchinson, 2008; Nalcor, 2009a; Golder, 2011; 

AMEC, 2015), and fall well within natural un-disturbed reference (background) concentration 

ranges. Peak predicted future surface water concentrations of THg and MeHg remain low and 

within typical reference concentration ranges.  

 

For swimming and other surface water or sediment contact exposure situations to pose a 

potential human health risk, the surface water and sediment concentrations of MeHg and 

inorganic Hg would have to be at least several orders of magnitude higher than the predicted 

future peak levels and the current measured baseline levels. This is clearly not possible.  

 

Given the above considerations, surface water and sediment contact exposure pathways were 

deemed to make a negligible contribution to total MeHg and inorganic Hg exposure, and were 

therefore excluded from further consideration in the HHRA. 

 

Ingestion of Local Livestock Animal Products 

The LCHGP study area has never been used for raising livestock animals and this is not 

expected to change in the future. Local and regional climatological, meteorological and various 

physical factors make the study area generally unsuitable for livestock production as well as for 

growing crops that could support a livestock industry.  

 

Furthermore, domestic livestock diets are not linked to the aquatic environment where MeHg 

formation, bioaccumulation and biomagnification may occur.  
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Any consumption of livestock products within the LCHGP study area would involve store-

bought meats and eggs, rather than those that are locally raised. The consumption of various 

store-bought meats and eggs was assessed in the final baseline HHRA. 

 

Contact with Dental Amalgams, Vaccine Preservatives and Consumer and Personal Care 

Products 

There are some additional well documented potential pathways of exposure to THg that were 

excluded from consideration in the HHRA. While these potential pathways may contribute to 

THg exposure to varying degrees in some individuals, it is difficult to estimate exposure rates 

via these pathways with any accuracy at this time. It is believed though, that such pathways are 

insignificant relative to the food ingestion-based exposure pathways that are focused on in the 

HHRA.  

 

One such pathway is the potential leaching of elemental Hg from dental amalgams and 

subsequent ingestion of elemental Hg. While some of the DS participants (roughly 30%) 

reported having dental amalgams that may contain Hg, no reliable means of quantifying this 

potential exposure pathway in a HHRA was identified in the regulatory or scientific literature. 

While people with dental amalgams may have higher overall THg exposures than those who do 

not, the contribution to THg exposure from this pathway would be highly variable amongst 

those with amalgams and difficult to estimate with any accuracy. In addition, dental amalgams 

do not contain MeHg or inorganic Hg, which are the two forms of Hg focused on in the current 

HHRA. Rather, all Hg in amalgams is elemental Hg, which has distinctly different toxicokinetics 

and toxicity in humans following ingestion than MeHg or inorganic Hg (e.g., ATSDR, 1999). Thus, 

while amalgams may contribute to an individual’s THg exposure, their presence would not 

significantly affect estimates of exposure and risk for MeHg and inorganic Hg. The presence of 

amalgams is also unlikely to be a significant confounding factor with respect to DS participants 

measured hair THg levels. 

 

Similarly, the HHRA does not consider potential Hg exposures that may be attributed to 

vaccine preservatives (such as thimerosal, which contains ethylmercury rather than MeHg or 

inorganic Hg), or potential Hg exposures that may arise from the use of traditional medicines, 

traditional rituals, certain hobbies or crafts, or the use of consumer products that may contain 

Hg (e.g., some hair dyes, some paints, caulks and cements). For these types of potential 

exposures, which are largely erratic, infrequent and transient in nature, there is no reliable 

information at this time to enable accurate quantification of their potential contribution to 

total inorganic Hg exposure among LCHGP study area residents (all of these products and 

activities involve inorganic Hg - or ethylmercury in the case of vaccine preservatives, rather 

than MeHg). Given that the DS outcomes indicated a very limited potential for Hg exposure 

from hobbies and consumer products, it is considered unlikely that such potential exposures 

are significant within the study area communities.  

CIMFP Exhibit P-00271 - Appendix O - 44 Page 71



 
Final Baseline HHRA 
October 2016 –12-6331-7000 

58 

 

 

The HHRA also does not consider potential occupational exposures to Hg. This is standard 

practice for community scale HHRAs as occupational exposures to chemicals are addressed by 

various occupational health and safety legislation, regulations and exposure limits. 

Furthermore, the DS outcomes indicated a negligible potential for occupational Hg exposure 

among participants.  

 

No regulatory precedent was identified for the above noted potential exposure pathways 

being assessed in HHRAs of hydroelectric facilities.  

 

Consumption of Caribou Meat and Organs 

While the baseline DS outcomes (summarized in Section 2.3.7) determined the specific 

mammal and bird game species that were evaluated in the HHRA, caribou consumption merits 

special consideration herein. Caribou were intentionally excluded from the DS questionnaires 

because caribou harvesting within the LCHGP study area is currently banned.  

 

Two caribou herds (i.e., the George River herd and the Red Wine Mountains herd) have ranges 

that overlap the LCHGP study area (Nalcor, 2014). The George River herd is recognized by the 

Province of NL as migratory and only its winter range overlaps the study area. While the 

George River herd was once the largest in NL and among the largest in Canada, it has 

undergone a substantial population decline since the 1990s. A recent estimate of herd size was 

approximately 8,938 animals, down from the 2014 census which showed the population at 

14,200 (http://www.releases.gov.nl.ca/releases/2016/ecc/0829n02.aspx).  

 

Of greatest concern is the Red Wine Mountains herd. The Red Wine Mountains herd was 

considered stable in the 1980s but declined dramatically to 151 animals in 1997 with a further 

decrease to 97 animals by 2001 (Nalcor, 2014).  

 

In 2013, NLDEC initiated an immediate ban on all caribou hunting and harvesting in Labrador 

for a period of five years, in an effort to conserve the remaining herd and to allow it to recover. 

Prior to the ban, caribou were the most commonly harvested game mammal in the LCHGP 

study area. 

 

Because no caribou harvesting is allowed in Labrador until at least 2018 (at which time the 

status of the George River herd will be reassessed), and given the possibility that the ban will 

be extended beyond 2018, caribou consumption is not considered in the final baseline HHRA.  

 

When/if the harvesting ban for the George River herd is lifted, potential human health risks 

associated with the consumption of caribou meat and organs could occur at that time if 

deemed necessary. Should this occur, the assessment of potential human health risks may 
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need to be accompanied by the collection of data on George River and Red Wine Mountains 

caribou THg and MeHg (and possibly other metal) concentrations in muscle and organ samples. 

There are presently no recent data available on Hg or other chemical concentrations in these 

caribou tissues. Such data collection could potentially be facilitated by a program where 

hunters submit muscle and organ samples for analysis from the animals they harvest. Any 

future HHRA work related to caribou consumption would likely also require supplemental diet 

surveys to obtain information on study area community caribou meat and organ consumption 

rates and frequencies. 

 

However, it is noteworthy that caribou consumption is generally not considered a significant 

source of THg or MeHg exposure in humans (e.g., CACAR, 2012; Gamberg et al., 2015; 2005; 

Robillard et al., 2002; Braune et al., 1999; Lemire et al., 2015). This is likely a function of the 

caribou’s terrestrial herbivorous diet not being connected to aquatic ecosystems (where MeHg 

formation, bioaccumulation and biomagnification primarily occur). Terrestrial mammal and 

bird species that are herbivores have low THg concentrations in muscle and organ tissues, 

relative to carnivorous and piscivorous species. Low THg levels have been reported in George 

River herd caribou meat samples by Robillard et al., (2002). These authors reported a mean 

meat (muscle) THg concentration of 0.02 mg/kg ww (N=47 immature and adult animals). More 

recent data on THg concentrations in George River herd caribou meat were not identified. 

Langis et al., (1999) reported a mean THg concentration in northern Quebec caribou meat of 

0.02 mg/kg ww (N=36; the THg concentration range was <0.01 to 0.03 mg/kg ww). Other 

studies of caribou meat THg concentrations produced similar results. For example, Johansen et 

al., (2004a,b) reported a mean THg concentration in caribou meat of 0.008 mg/kg ww for 

Greenland caribou (N=10), and a range of mean meat THg concentrations of <0.001 to 0.012 

mg/kg ww in caribou from other Arctic regions.  

 

Caribou organs tend to have higher THg concentrations than muscle tissue. For example, 

Robillard et al., (2002) reported means of around 0.5 mg/kg ww and 0.4 mg/kg ww in kidney 

and liver samples, respectively (N=45-47), for George River caribou. Johansen et al., (2004a,b) 

also reported higher mean THg levels in caribou liver and kidney, relative to muscle (range of 

means from 0.03 mg/kg ww to 0.6 mg/kg ww in caribou from various Arctic regions). 

 

In a review, Braune et al., (1999) noted that THg levels in edible caribou tissues are generally 

low in the Canadian Arctic and subarctic regions and that when MeHg has been tested for in 

edible caribou tissues, it has often been non-detectable (below RDLs).  
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Consumption of Market Basket Foods Other Than Fish, Shellfish and Animal (Livestock) Meat 

Products 

Baseline DS outcomes (summarized in Section 2.3.7) determined the specific market basket 

(store-bought) food items that were evaluated in the HHRA. In the baseline DS, questions on 

store-bought food consumption were limited to common commercial livestock mammal and 

bird meat and commercial seafood products. This is because it is well established in the 

scientific literature that commercial foods other than seafood and meat products typically have 

THg and MeHg concentrations that are either non-detectable or at least an order of magnitude 

lower than the concentrations that routinely occur in common store-bought seafood and meat 

products (e.g., U.S. FDA, 2014; Dabeka et al., 2003; U.S. EPA, 2001; EFSA, 2012a; ATSDR, 1999; 

WHO, 1990). As such, any THg or MeHg exposures incurred from the ingestion of commercial 

store-bought foods other than seafood and meat products, is insignificant relative to the 

exposures incurred from consuming store-bought seafood and meat products. It is well 

established that seafoods contain the highest THg and MeHg concentrations of all grocery 

store-bought food items. THg and MeHg concentrations in seafoods are generally 1 to 2 orders 

of magnitude higher than they are in all other grocery store food items, including livestock 

meats (which are frequently the next highest food category in terms of THg content). Dabeka 

et al., (2003) reported that for Canadians, the consumption of seafood products contributes 

40% to 74% of the total THg intake from all commonly consumed dietary items. The proportion 

varies depending on the age class and is lowest in toddlers (who do not generally consume a 

lot of seafood) and highest in adults. Dabeka et al., (2003) noted one non-seafood or meat 

food item that is sometimes similarly high in THg content as many seafood items (i.e., canned 

mushrooms). It is not known at this time to what extent canned mushrooms are consumed 

within the LCHGP study area. 

 

The Golder (2011) interim HHRA assessed MeHg and inorganic Hg exposures and risks 

associated with the consumption of store-bought food items other than seafood and meat 

products (e.g., baby formula, milk and dairy, fruits and vegetables, cereals and grains, sugars 

and sweets, coffee and tea). To conduct the assessment of these food items, Golder relied on 

Canadian Total Diet Study data reported in Dabeka et al., (2003)2. Golder (2011) found that the 

consumption of these particular food items made a negligible contribution to MeHg and 

inorganic Hg exposures and risks, relative to store-bought seafoods and meats, and country 

fish and game food items. Estimated MeHg and inorganic Hg exposures from the consumption 

of these non-seafood and meat food items were at least a few orders of magnitude lower than 

the exposures estimated from the consumption of store-bought seafoods and meats, and 

country food fish and game.  

 

 

2
 The current final baseline HHRA also utilizes these Dabeka et al. data for the assessment of market basket seafood 

and meat contributions to MeHg and inorganic Hg exposures. 
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Thus, the consumption of market basket foods other than fish, shellfish and animal (livestock) 

meat products was deemed to make a negligible contribution to total MeHg and inorganic Hg 

exposure, and was therefore excluded from further consideration in the HHRA. 

 

Ingestion of Infant Formula and Baby Foods by Infants 

Recent data on the THg content of commercially sold infant formula and electrolyte solutions 

in Canada (Dabeka and McKenzie, 2012) shows that THg (present entirely as inorganic Hg) is 

usually non-detectable (i.e., below detection limits in 76% of 150 formula products tested). In 

formula samples where THg was measurable, the average THg concentrations were low and 

ranged from 0.03 to 0.2 ng/g (parts per billion) in milk-based liquid and powdered concentrate 

products, and from 0.05 to 0.24 ng/g in soy-based formula products. Dabeka and McKenzie 

(2012) noted that once formula concentrate is diluted with preparation water, THg 

concentrations in all tested formula products would be well below the current Health Canada 

Canadian drinking water quality guideline of 1 µg/L (parts per billion), and would not be 

expected to impact human health. Similarly low THg concentration ranges in infant formula 

products were reported in a previous survey by Dabeka et al., (2003). The U.S. FDA (2014) 

found that THg was non-detectable in all infant formula samples tested in the U.S. between 

2006 and 2011 (N=27). Baby foods (various types) have also been found to have consistently 

low THg concentrations in Canadian and U.S. Total Diet Studies (i.e., non-detectable THg 

concentrations in most samples tested and ranging up to 0.5 ng/g in some food samples) 

(Dabeka et al., 2003; U.S. FDA, 2014).  

 

The Golder (2011) interim HHRA assessed inorganic Hg exposures and risks associated with the 

consumption of baby formula. Golder (2011) found that the consumption of formula made a 

negligible contribution to total inorganic Hg exposures and risks. 

 

Thus, the consumption of infant formula and baby foods by infants was deemed to make a 

negligible contribution to total MeHg and inorganic Hg exposure, and was therefore excluded 

from further consideration in the HHRA. 

2.3.4 Receptor Identification and Characterization 

A human receptor is a hypothetical person (e.g., infant, toddler, child, adolescent, adult) who 

resides, visits or works in the area being investigated and is, or could potentially be, exposed to 

the chemicals identified as being of potential concern. General physical/physiological and 

behavioural characteristics specific to the receptor type (e.g., body weight, breathing rate, 

food and soil consumption rates, etc.) are used to determine the amount of chemical exposure 

received by each human receptor. Due to differences in these characteristics between children 

and adults and between males and females, the exposures received by a female child, a male 

child, a female adult or a male adult will be different. Consequently, the potential human 
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health risks posed by the chemicals being evaluated will also differ depending on the receptor 

that is under evaluation. 

 

Since people have varying physical/physiological features, lifestyles and habits, it is not 

possible to evaluate all types of individuals. However, a HHRA must be sufficiently 

comprehensive and protective to ensure that those receptors with the greatest potential for 

exposure to COPCs and/or those that have the greatest sensitivity, or potential for developing 

adverse effects from such exposures, are evaluated in the HHRA. If no potential health risks are 

determined/predicted for relevant receptors that are considered to be either the most 

sensitive, or the most exposed, then it can be assumed that those receptors who are either less 

sensitive, or who receive lower exposures, would also not be at risk. 

 

Human chemical sensitivity is primarily a function of physiological maturity (life stage) and/or 

pre-existing biochemical, physiological or medical conditions that may compromise an 

individual’s ability to effectively cope with chemical exposures. For example, infants and young 

children, being in a state of rapid growth and still immature in terms of development, may be 

more sensitive than adults to some (though not all) chemicals, and may also experience 

different types of adverse effects than adults do, when exposed to the same chemical(s) for 

the same durations. The potentially greater chemical sensitivity in younger age classes (relative 

to older age classes) is believed to reflect immature or not fully developed biochemical and 

physiological processes and mechanisms that regulate a chemical’s absorption, distribution, 

metabolism (including detoxification) and elimination, as well as its toxic mode of action. Also, 

in fetuses, infants and young children, there are known to be certain sensitive developmental 

stages or windows where chemical exposure may be of greater potential harm relative to other 

periods in human development and growth. 

 

It is well established in the scientific literature that the most sensitive or vulnerable human life 

stages, with respect to MeHg and inorganic Hg exposure and risk, are the developing fetus, and 

infants/young children (e.g., ATSDR, 1999; 2013; EFSA, 2012a,b; WHO, 2010; 2008; 1990; 

Health Canada, 2007; U.S. EPA MRC, 1997; U.S. EPA, 2001). Because the developing fetus and 

infants are among the most vulnerable human receptors, women of child-bearing age are also 

considered to be sensitive human receptors. This is due to the potential biotransfer of MeHg 

and inorganic Hg from maternal blood to placental and cord blood (and ultimately to the fetus), 

and to breast milk, where nursing infants may become exposed. Elders from aboriginal 

communities may also be of relatively higher sensitivity to the potential effects of MeHg and 

inorganic Hg, partly as a function of their generally higher rates of country food consumption 

relative to younger age classes. Elders are also more likely to be health-compromised due to 

age and a higher likelihood of having pre-existing medical conditions. 
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Given consideration of the known or likely sensitivity/vulnerability of the different human 

receptor age classes to MeHg and inorganic Hg, as well as consideration of the different 

receptor age classes’ exposure potential, it was decided that the final baseline HHRA should 

assess each human life stage in order to ensure that no potentially highly exposed and/or 

sensitive/vulnerable human receptor life stage would be inadvertently overlooked. In addition, 

in HHRAs that evaluate communities, it is often a preferred approach to assess all potential 

receptors rather than to target only the most sensitive or most exposed receptors. This 

approach can greatly aid in HHRA transparency and completeness, and in facilitating the 

communication of potential human health risks. 

 

The following human receptor age classes were therefore evaluated in the final baseline HHRA 

(as per Health Canada, 2010a; Richardson and Stantec, 2013): 

 

I.  Male and female infant (0 to 11 months); 

II.  Male and female preschool child or toddler (1 to <4 years); 

III.   Male and female child (4 to <12 years); 

IV.  Male and female adolescent or teen (12 to <20 years); and, 

V.  Male and female adult (≥20 years). 

 

In addition, the developing fetus was assessed in the HHRA based on the MeHg exposures 

estimated for female teen and female adult receptors (women of child-bearing age).  

 

In most HHRAs, particularly those that assess non-carcinogenic chemicals (which is the case for 

both MeHg and inorganic Hg; See Section 2.5), it is important to capture COPC exposures that 

may be incurred by child and toddler age classes. This is partly due to the potentially greater 

chemical sensitivity of such receptors, as briefly described above, but also reflects their 

generally higher potential for chemical exposure. For example, toddlers typically receive 

greater chemical exposures, via all pathways and routes, on a relative body weight basis, when 

compared to other human receptor classes (i.e., infant, child, adolescent and adult). In other 

words, toddlers have higher intake rate to body weight ratios than the other human age 

classes. Toddlers also have certain physiological and behavioural characteristics that tend to 

increase their chemical exposure relative to other receptors (e.g., tendency to play outdoors 

for prolonged durations; tendency to ingest soil/dust due to frequent hand-to-mouth 

behaviour and mouthing of objects; greater potential for dermal contact due to playing and 

digging in soil).  

 

As indicated above, both female and male human receptors were considered in the final 

baseline HHRA. Many HHRAs tend to focus more on female than male receptors though. This is 

because female receptors tend to weigh less than male receptors and therefore receive higher 

chemical exposures on a relative body weight basis. While Health Canada HHRA guidance in 
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recent years has moved away from distinguishing between genders for the selection of human 

receptors, HHRA guidance in other jurisdictions continues to differentiate receptors based on 

gender. Although differences in body weights (and sometimes intake rates as well) are 

generally minor between males and females, assessing a female receptor is inherently more 

conservative, due to the slightly higher intake rate to body weight ratios, relative to male 

receptors. Furthermore, for a number of chemicals, there is toxicological evidence that females 

may be more sensitive than males as a function of differences in physiological, endocrine and 

biochemical parameters. Moreover, in order to be able to evaluate exposures and risks to 

sensitive human receptors (i.e., the developing fetus, infants/young children), via placental 

transfer and breast milk ingestion pathways, female adult and teen receptors must first be 

evaluated. 

 Human Receptor Parameters 2.3.4.1

In order to estimate chemical exposures that are received by human receptors, it is necessary 

to characterize the key physiological and behavioural characteristics of each receptor type that 

is evaluated. These characteristics are typically referred to as receptor parameters and they 

enable the calculation of exposure estimates for human receptors that are expressed as a 

received dose (i.e., mg COPC/kg body weight/day). 

 

There are a number of published regulatory and scientific literature sources of human receptor 

parameters that are routinely used in HHRAs conducted within North America. The following 

sources were utilized within the final baseline HHRA to enable the estimation of MeHg and 

inorganic Hg exposures for the selected human receptors: Richardson and Stantec, 2013; 

Richardson, 1997; Health Canada, 2010a; WHO, 2004; EFSA, 2012a; WHO, 1990; ATSDR, 1999; 

WHO, 2010; U.S. EPA MRC, 1997; ATSDR, 2013; WHO, 2000; U.S. EPA, 2008; U.S. EPA, 2011; 

and, selected other information sources from the regulatory and scientific literature, as 

necessary. Many of these sources have been used in numerous previous HHRAs that have been 

critically reviewed and accepted by regulatory agencies across Canada and the United States. 

Receptor-specific food item (country and store-bought) consumption rates and consumption 

frequencies were developed from the Golder (2015) baseline DS and HBP report (See Section 

2.3.7). 

 

Appendices B and C provide specific details on the human receptor parameters that were used 

to estimate MeHg and inorganic Hg exposures in the HHRA. Appendix C provides a worked 

example of exposure and risk calculations which illustrates how the human receptor 

parameters (as well as other parameters and assumptions) were used within the HHRA to 

estimate MeHg and inorganic Hg exposures and health risks. 
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2.3.5 Human Health Risk Assessment Conceptual Exposure Model 

The HHRA conceptual exposure model (CEM) is presented in Figure 7. The CEM provides a 

simplified visual representation of potential exposure pathways and routes that link the 

identified COPCs (i.e., MeHg and inorganic Hg) in relevant study area media and food items to 

the human receptors of interest. 

 

 
FIGURE 7:  HHRA CONCEPTUAL EXPOSURE MODEL 
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2.3.6 Selection and Development of Exposure Scenarios 

A key requirement of any HHRA is the ability to evaluate potentially different levels of 

exposure that may occur under different scenarios or conditions. 

 

In a HHRA, exposure scenarios are largely defined based on the outcomes of the previous 

problem formulation steps. Exposure scenarios essentially combine the outcomes of COPC 

identification, exposure pathway/route selection, and human receptor selection with key study 

area features to identify the most relevant means by which people may become exposed to 

the COPCs. Exposure scenarios in a HHRA are also defined and limited by the spatial and 

temporal boundaries for the HHRA study. As previously noted, spatial boundaries for the final 

baseline HHRA were defined by the boundaries of the LCHGP study area (Figure 1). Temporal 

boundaries for the final baseline HHRA were current baseline (pre-reservoir flooding) 

conditions. 

 

In the more complex HHRA studies, it is common for exposure scenarios to have various 

specific subscenarios (e.g., subscenarios for specific communities or locations, subscenarios for 

different assessment cases or different development/management options).  

 

HHRAs typically focus on the exposure scenarios that are most likely to occur or that are 

expected to be the most common scenario for the most people in a given population or 

community of interest. In other words, HHRA exposure scenarios are designed to “protect 

most people, most of the time”. Exposure scenarios are also designed to have approaches and 

sets of assumptions that represent “reasonable worst case” conditions and that are likely to 

overestimate, and unlikely to underestimate, COPC exposures. Uncommon, infrequent or 

unlikely exposure scenarios are typically not assessed in HHRAs. However, such scenarios can 

be incorporated into HHRAs in response to specific community or regulatory concerns being 

raised.  

 

As the scope of the final baseline HHRA is obviously focused on baseline conditions, the main 

exposure scenario assessed baseline conditions that currently exist within the LCHGP study 

area prior to reservoir impoundment. Within this main exposure scenario, a number of 

subscenarios were assessed. These subscenarios focused on the assessment of baseline MeHg 

and inorganic Hg exposures and risks in each of the LCHGP study area communities (i.e., a 

separate baseline exposure subscenario for: CF, HVGB, SH, NWR, and ML). These exposure 

subscenarios were established based on the outcomes of the baseline DS (as well as the 

outcomes of various previous EA studies), which showed that country food harvesting and 

dietary patterns vary by community.  
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Basic assumptions for these exposure subscenarios were that community residents live within 

the LCHGP study area continuously and consume country food items that are harvested from 

locations within the study area.  

 

Each baseline exposure subscenario assessed the COPCs, exposure pathways/routes and 

human receptors that were identified in the previous problem formulation sections of this 

report (i.e., Sections 2.3.2, 2.3.3, and 2.3.4).  

 

A background exposure scenario was not evaluated in the HHRA. Because the HHRA presented 

herein is the final baseline HHRA, the baseline status within the LCHGP study area represents 

the most appropriate and relevant reference condition against which future changes (post-

reservoir impoundment) can be compared. Baseline study area conditions are virtually always 

preferable to background conditions based on locations outside a study area, as there can be a 

number of potential confounding variables to consider when non-study area background 

rather than study area baseline data are used to represent a reference or pre-Project condition. 

Also, identifying suitable background communities in Labrador that are outside the LCHGP 

study area is challenging as there are few other communities in Labrador to choose from. Even 

if a suitable candidate community(ies) from outside the LCHGP study area were to be identified, 

Labrador communities have small populations which can lead to sample size and statistical 

power issues with respect to inter-community comparisons that may be made. 

 

Each baseline exposure subscenario focused on chronic (long term or continuous) exposures 

and risks. While it is recognized that the consumption of some country and store-bought food 

items may more closely resemble acute or even subacute exposure conditions, HHRAs 

traditionally focus on chronic exposures and risks, as chronic exposures are generally of 

greatest concern and also represent the most conservative exposure condition. In the current 

HHRA, chronic MeHg and inorganic Hg exposures and human health risks are of primary 

concern to the responsible regulatory authorities and to the study area communities.  

 

In HHRA, it can often be problematic to attempt to assess acute, subacute and even subchronic 

exposures and risks in a meaningful and/or a toxicologically appropriate way. This is a 

reflection of common and traditional practice within HHRAs where the emphasis has 

historically been placed on chronic exposures and risks to chemicals. Because of this, reliable 

regulatory TRVs tend to only exist for chronic exposure conditions and durations, with 

relatively few exceptions (e.g., MeHg has no acute or short term oral TRV available from any 

regulatory agency, and only one agency to date has developed a short term oral TRV for 

inorganic Hg – ATSDR, 1999). While the general lack of reliable acute/short term TRVs is a 

limitation, it is generally believed that focusing on chronic exposures and risks is inherently 

conservative and protective of those effects that may occur under acute exposure conditions. 

This is because for most chemicals, substantially higher exposures can be tolerated without 
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adverse effects for short or acute durations, while lower exposures can produce adverse 

effects when the exposure is continuous and/or occurs over prolonged durations. However, 

some caution is warranted with respect to categorically assuming that all chronic TRVs will also 

protect against all potential acute effects of a given chemical. The ability of any chemical to 

cause toxicity is a function of both the exposure conditions (including the timing, frequency 

and duration of exposure) as well as the toxicological properties of the chemical. In addition, 

many chemicals have different effects/endpoints of interest following acute or short term 

exposures relative to those that are associated with longer term or chronic exposures. Acute 

toxicity endpoints tend to be more severe and rapid onset (e.g., death, dizziness, loss of 

consciousness, respiratory irritation, vomiting and other gastrointestinal distress) than chronic 

endpoints, which are often more subtle effects that take more time to manifest (e.g., enzyme 

and other biochemical changes, cancer, organ lesions, neurotoxicity, weight loss). In summary, 

there can be different effects that are of concern when exposure is acute, relative to when 

exposure is chronic. Ideally, different TRVs for both acute and chronic effects would exist for all 

COPCs evaluated in HHRAs, but that is not the case at this time. 

 

In HHRA, it is most ideal to try and “match” the estimated COPC exposure duration and 

frequency with a TRV that reflects exposure over a similar frequency and/or duration. In 

situations of acute chemical exposure when no acute TRVs exist, there are few options. While 

some techniques exist for adjusting chronic TRVs to reflect shorter term exposure durations, 

the approaches used are simplistic and ignore numerous toxicological and toxicokinetic factors. 

Also, no single factor(s) can reliably translate a chronic TRV to an acute TRV across all major 

chemical classes, as the ratio between doses that cause acute effects and doses that cause 

chronic effects is often chemical-specific and can vary greatly across different toxicological 

endpoints too, even for the same chemical. Even if/when a chronic TRV could be reliably 

adjusted to an acute TRV, there is presently a lack of clear regulatory guidance on how to most 

appropriately conduct short term dose averaging. Current Health Canada guidance, while not 

firm at this time, suggests that acute exposures should be averaged over shorter time periods 

than chronic exposures, such as one to several days (relative to the weeks to months to  

years periods that chronic exposures are commonly averaged over).  

 

Given the issues described above, the final baseline HHRA did not address potential acute 

exposures and risks to MeHg or inorganic Hg. However, if there are certain food items where 

the consumption scenario may be most appropriately categorized as acute rather than chronic 

(e.g., this may be the case for seal meat and organs and wild bird eggs), and, specific concerns 

are raised about the potential human health effects associated with such a scenario, then 

supplementary human health risk evaluations can be conducted that target these specific 

acute country food consumption patterns. Note that this was previously conducted for seal 

meat and organs in a technical memo (Dillon, 2016) posted to the Muskrat Falls website 

(https://muskratfalls.nalcorenergy.com/environment/generation/). Should further such 
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supplemental assessments be necessary, consultation will occur with Health Canada on their 

preferred methods for short term dose averaging as well as their preferred acute toxicity 

benchmarks or values for MeHg and inorganic Hg. 

 

Appendices B and C illustrate how MeHg and inorganic Hg exposures and risks were calculated 

in the HHRA exposure scenarios and subscenarios. 

 

The following section (Section 2.3.7) describes how the exposure subscenarios were developed 

for each LCHGP study area community. As the only exposure pathways and routes selected for 

evaluation in the HHRA are ingestion-based (See Section 2.3.3), the exposure subscenarios are 

essentially consumption scenarios and these two terms are used interchangeably throughout 

the remainder of this report. 

2.3.7 Exposure (Consumption) Scenario Development 

The development of exposure subscenarios or consumption scenarios for each LCHGP study 

area community was based on the outcomes of the baseline DS (Golder, 2015). Consumption 

scenario development also involved review of individual DS response sheets for the DS 

participants, which were not provided in the Golder (2015) report. Baseline DS outcomes 

determined which country and store-bought (market basket) food items were carried forward 

for assessment in the HHRA exposure subscenarios and also served as the basis for deriving 

country food and store-bought food item consumption frequencies and consumption rates.  

 

Because the baseline DS was the starting point for the development of the final baseline 

HHRA’s consumption scenarios, its key outcomes are summarized in the following subsection 

(Section 2.3.7.1). Section 2.3.7.2 then describes how these outcomes were used to derive the 

relevant country food and store-bought food item consumption frequencies and consumption 

rates. 

 Summary of Baseline DS Key Outcomes 2.3.7.1

The following subsections and bullet points summarize the key outcomes of the baseline DS 

that pertain most directly to the HHRA and the development of consumption scenarios, 

frequencies and rates. Further details are available within Golder (2015). 

 

A general finding of the baseline DS was that participant-reported country food consumption 

rates and frequencies were lower than what was initially expected, and that grocery store-

bought seafood and meat products were consumed to a greater extent relative to locally 

harvested fish and game meats, in the LCHGP study area communities.  

 

In the Golder (2015) report, significant consumption of a given food item was considered to be 

represented by ≥ 10% of DS participants saying they consumed a food item. Golder (2015) only 
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derived consumption frequency and rate information for food items that were reported to be 

consumed by ≥ 10% of DS participants. This approach is considered reasonable and is 

consistent with various assessments of First Nations community chemical exposures from fish 

and game consumption in the literature, where food items consumed by a small minority of 

study subjects are typically excluded from further more detailed evaluation or follow-up (e.g., 

EAGLE Project, 2001). 

 

Demographics and General Findings 

 

 The total number of DS participants was 293 (96 males; 197 females) which was very 

close to the target sample size of 300 (previously determined by Golder Associates to 

comprise a statistically representative number of subjects for the study area 

communities). The 293 DS participants’ diet survey responses can be considered 

representative of dietary patterns for other individuals within their families and 

households. Survey responses showed that the DS participants represented 1157 

family or household members. Given this, and considering the common practice of 

country food item sharing among friends and family and other community members 

(particularly among aboriginal communities), the baseline DS outcomes were 

considered reasonably representative of dietary patterns within the LCHGP study area 

communities.  

 Demographic information for the DS participants was summarized in Table 3 of Golder 

(2015). Selected relevant findings are briefly summarized below. 

o While all age groups/classes were represented in the baseline DS, the DS 

participants were dominated by adults. While this may somewhat under-

represent the younger age classes, it is well documented that fish and other 

country food consumption rates are higher in adults than in younger life stages, 

and that MeHg and inorganic Hg exposures and risks tend to be higher in 

adults relative to adolescents and children. This was also the case in this HHRA 

for most study area communities (See Section 3.0 and Appendix B). Overall, it 

was considered that the baseline DS achieved a reasonably good 

representation of all age classes, including the most sensitive age classes, to 

the extent practical. While some data gaps and limitations are acknowledged 

(as is the case in all dietary surveys), future surveys (if deemed necessary) 

could be targeted to specifically address such gaps/limitations. 

o Of the female DS participants, 53% were of child-bearing age (often generally 

considered to be 14 or 15 to 44 years of age in Health Canada programs). This 

is well known to be a sensitive human life stage with respect to MeHg and 

inorganic Hg exposures and health risks. A very small number of DS 

participants were pregnant at the time of the DS (N=3). Of the total number of 
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family or household members represented by the DS participants (N=1157), 

21% were females of child-bearing age. 

o The vast majority of DS participants reported living in their communities on a 

year-round basis. 

o 67% of DS participants self-identified as belonging to an aboriginal 

organization. The proportions varied by community (e.g., 100% in SH, 75% in 

NWR, 60% in ML; 55% in HVGB; 21% in CF (lower proportions were expected 

for CF as it is a Nalcor company town where most residents are Nalcor 

employees)). The aboriginal organizations noted were primarily NG, NCC, and 

Innu Nation with a few to several participants self-identifying as Metis, 

Mi'kmaq, Cree and others. 

o Few DS participants reported working (currently or previously) in occupations 

that could result in Hg exposure or reported hobbies and other recreational 

activities that could potentially result in Hg exposure. 

o A number of women from the study area communities reported coloring their 

hair. Some hair dyes (though not many anymore) may contain Hg. The use of 

such dyes has the potential to confound hair THg measurements. 

o Relatively few DS participants (around 30%) reported having Hg dental 

amalgams. 

o Overall, the baseline DS achieved a reasonably good representation of study 

area community members by gender and age class, and captured the most Hg-

sensitive age classes.  

 

Locally Harvested Fish and Shellfish Consumption (Country Foods) 

 

 DS outcomes revealed that locally harvested fish consumption was highly variable 

across study area communities and also across seasons within the individual study area 

communities (likely due to fish being frozen or otherwise preserved).  

 The most commonly consumed species within the LCHGP study area were reported to 

be Atlantic salmon, brook trout, rainbow smelt, lake trout and rock cod. DS 

participants generally reported consuming these species at a frequency of <1 to 1 meal 

per week.  

 There were some notable community-specific differences with respect to fish species 

consumption (e.g., no rock cod consumption in SH; very low rates of salmon and smelt 

consumption in CF). The HHRA accounts for these community-specific differences in its 

exposure subscenarios.  

 Some of the noted differences in fish species consumption patterns reflect the 

geographic location of the communities and the relative ease of access to fishing areas 

(many people tend to fish in relatively close proximity to their community). Golder 
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(2015) shows the locations within the LCHGP study area where the various fish species 

are typically harvested from (as reported by DS participants). 

 DS outcomes showed that fish preparation and cooking methods varied considerably 

across participants in all study area communities. However, it was commonly reported 

that skin is removed, but not fat in most cases. Some species were reported to be dried 

on occasion (e.g., brook trout, salmon). All of the cooking methods on the DS 

questionnaire were indicated by DS participants to varying degrees (i.e., roasted, fried, 

smoked, boiled, grilled, other). The most commonly reported cooking method for all 

consumed fish species was fried, followed by boiled. Only a few DS participants 

reported rarely consuming some fish species raw (uncooked).  

 Very few DS participants (3/293) reported consumption of locally caught freshwater or 

estuarine/marine shellfish (any species). Two individuals claimed they had consumed 

locally caught scallops and one claimed consumption of locally caught crab. However, 

scallops and crab do not occur in the lower Churchill River system, and are rare in 

Goose Bay and Lake Melville. It is likely that the participants misidentified the location 

where the scallops and crab were harvested. Given these outcomes, locally harvested 

shellfish consumption was not considered in the HHRA.  

 Consumption of freshwater or estuarine/marine locally caught fish/shellfish organs 

was reported to be negligible in all study area communities. <10% (and often limited to 

0 to no more than a few individuals) of the DS participants in any community reported 

consumption of locally harvested fish/shellfish organs (where organ consumption was 

reported, the species noted was predominantly Atlantic salmon). Furthermore, among 

the few DS participants that reported fish organ consumption, the frequency of 

consumption was very low and sporadic. Therefore, the consumption of locally 

harvested fish and shellfish organs was not considered in the HHRA. 

 Golder (2015), Appendix C, reports maximum and average summary statistics for 

consumption frequency and serving sizes for locally harvested fish. The consumption 

frequency and serving size data were used to develop consumption rates.  

 

Locally Harvested Seal Consumption (Country Foods) 

 

 Only ringed seal (Pusa hispida) are harvested within the LHCGP study area. Typically, 

seal pups (<1 year old) are targeted for harvesting (AMEC, 2015). 

 Though not a DS outcome, it was previously reported (i.e., Dillon, 2016), that 

relationships between muscle and liver THg concentrations, and between muscle and 

liver THg concentrations and seal weight and length, appear to be linear and positively 

correlated. Such observations are commonly reported for seal Hg tissue concentrations 

in the scientific literature, though not always, as there can be high variability in the 

relationships between THg concentrations in seal tissues, and the age, length and 

weight of the seals (e.g., CACAR, 2012).  
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 Seal meat and organs were reported to be consumed by roughly 25% of DS 

participants. Seal consumption is largely limited to participants that self-identify as 

belonging to NG. Seal consumption was reported to be negligible (<5% of participants) 

in CF and SH, which have very small Inuit populations, but was reported by half to up 

to 80% of the DS participants in ML and NWR, both of which have a larger percentage 

of Inuit people. The proportion of DS participants that consume seal meat and/or 

organs was lower in HVGB (approximately 10-20%), which likely reflects the more 

diverse ethnicity in this community, though a number of the residents are Inuit. 

 The seasonal consumption patterns for seal meat and organs varied considerably 

across DS participants. Anecdotally, most seals are harvested in the spring and 

consumed in the spring but DS participants indicated that consumption of seal meat 

and organs can occur at various times throughout the year. A small number of DS 

participants noted that they occasionally and infrequently consume seal bone marrow 

(8/293 or 2.7%). Thus, seal bone marrow consumption was not considered in the HHRA. 

 Liver was clearly noted to be the primary and often only seal organ that is consumed 

by DS participants.  

 Geography also plays a role in seal consumption patterns. Seals occur in Goose Bay and 

Lake Melville but do not generally go upriver. Most seals consumed within the study 

area communities are harvested in Goose Bay and Lake Melville. 

 Seal meat and/or organ consumption was reported to be limited almost entirely to 

adults, although some adolescent, child and toddler DS participants reported 

infrequent consumption of seal meat or organs. 

 When seal meat/organs are consumed, most DS participants reported that skin and fat 

are trimmed. The main reported cooking methods for seal meat or organs were boiled, 

fried and roasted. A very small number of participants reported that seal organs are 

sometimes dried prior to consumption. Two DS participants indicated that they 

sometimes consume seal meat or organs raw (uncooked). 

 Golder (2015), Appendix C, reports maximum and average summary statistics for 

consumption frequency and serving sizes for locally harvested ringed seal meat and 

organs. The consumption frequency and serving size data were used to develop 

consumption rates.  

 For the majority of DS participants that reported seal meat and/or organ consumption, 

the consumption frequency was <1 to 1 meal per week. 

 
Locally Harvested Wild Game Birds (Country Foods) 

 

 Various species of wild game birds were reported to be consumed by DS participants in 

all LCHGP study area communities. The seasonality of harvesting and consumption 

varied considerably by bird species (likely due in part to NL hunting regulations that 

stipulate hunting seasons for certain game birds), and by study area community.  
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 The species reported by DS participants as being consumed the most were: black duck, 

Canada goose, grouse, and partridge. Other wild bird species were reported to be 

consumed by <10% of DS participants (e.g., Eider duck, scoters, teal, gulls, common 

murre, merganser, scaup).  

 Wild bird egg consumption was reported to be quite rare among DS participants with 

<10% of participants (i.e., 15 individuals in total comprising roughly 5% of participants) 

reporting harvesting and consumption of wild bird eggs. For those that did report wild 

bird egg consumption, the most common species were gulls, ducks, Canada goose, and 

merganser. Wild bird egg harvesting was found to be mostly limited to ML and NWR 

although some SH participants also reported occasional wild bird egg harvesting and 

consumption. Wild bird egg harvesting and consumption was reported to occur only in 

the summer months, as eggs are not easily preserved or stored for later consumption. 

 Organs of the most commonly harvested wild bird species were also reported to be 

consumed by DS participants (though to a much lesser extent than wild bird meat). 

Wild bird organ (and meat) consumption was highest in the communities of NWR and 

ML. 

 There was some variability regarding the extent to which the most commonly 

harvested bird species are consumed in each study area community. For example, 

consumption of black duck (meat and organs) was reported by <10% of DS participants 

in CF.  

 As shown in Golder (2015), wild birds are harvested from a number of regions within 

the LCHGP study area and the harvesting preference for certain regions largely reflects 

the geographic location of the study area communities. 

 In general, wild game bird preparation and cooking methods did not involve skin or fat 

removal according to most DS participants. Preferred cooking methods vary by species 

and by community but generally were roasting, boiling and frying. 

 Golder (2015), Appendix C, reports maximum and average summary statistics for 

consumption frequency and serving sizes for locally harvested wild game birds. The 

consumption frequency and serving size data were used to develop consumption rates.  

 For the majority of DS participants that reported wild bird meat and/or organ 

consumption (from any community), the consumption frequency was <1 to 1 meal per 

week, for the most commonly harvested species.  

 

Locally Harvested Terrestrial Wild Game Mammals (Country Foods) 

 

 Various species of terrestrial wild game mammals were reported to be consumed by 

DS participants in all study area communities. The seasonality of harvesting and 

consumption varied considerably by mammal species (likely due in part to NL hunting 
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regulations that stipulate hunting seasons for certain game mammals), and by study 

area community.  

 The species reported by DS participants as being consumed the most were: moose, 

porcupine and rabbit. Black bear and beaver were reported to be consumed by some 

DS participants but to a much lesser extent than rabbit, moose or porcupine and by 

<10% of DS participants in each study area community.  

 As previously discussed, caribou was intentionally left out of the DS questionnaires due 

to a current ban on harvesting (See Section 2.3.3.1). While caribou meat and organs 

were noted as being consumed by a number of DS participants in all study area 

communities, the consumption was noted to have been primarily before the ban was 

initiated. 

 Organs of the most commonly harvested mammal species were also reported to be 

consumed by DS participants (though to a much lesser extent than wild mammal meat). 

Rabbit organs were the only wild game mammal organs reported to be consumed by 

10% or more of DS participants in any of the study area communities. This 

consumption practice was most prevalent in the communities of NWR and ML. Some 

participants (though very few, and much <10%) reported periodic consumption of 

game mammal bone marrow. Thus, game mammal bone marrow consumption was not 

considered in the HHRA. 

 As shown in Golder (2015), wild game mammals are harvested from a number of 

regions within the LCHGP study area and the preference for certain regions largely 

reflects the geographic location of the communities (as was the case for wild game 

birds). 

 In general, wild game mammal preparation and cooking methods involve skin removal 

but not much fat removal according to most DS participants. Preferred cooking 

methods vary by species and by community but generally were roasting, boiling and 

frying. 

 Golder (2015), Appendix C, reports maximum and average summary statistics for 

consumption frequency and serving sizes for locally harvested wild game mammals. 

The consumption frequency and serving size data were used to develop consumption 

rates.  

 For the majority of DS participants that reported wild game mammal meat and/or 

organ consumption (from any community), the consumption frequency was <1 to 1 

meal per week, for the most commonly harvested species.  

 

Store-bought (Market Basket) Foods 

 

 In the baseline DS, questions on store-bought food consumption were intentionally 

limited to common commercial livestock mammal and bird meat and commercial 
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seafood products. This is because it is well established in the scientific literature that 

commercial foods other than seafood and meat products typically have THg and MeHg 

concentrations that are either non-detectable or at least an order of magnitude lower 

than the concentrations that routinely occur in common store-bought seafood and 

meat products (e.g., U.S. FDA, 2014; Dabeka et al., 2003; U.S. EPA, 2001; EFSA, 2012a; 

ATSDR, 1999; WHO, 1990). As such, any THg or MeHg exposures incurred from the 

ingestion of commercial store-bought foods other than seafood and meat products, is 

insignificant relative to the exposures incurred from consuming store-bought seafood 

and meat products. It is well established that seafoods contain the highest THg and 

MeHg concentrations of all grocery store-bought food items. THg and MeHg 

concentrations in seafoods are generally 1 to 2 orders of magnitude higher than they 

are in all other grocery store food items, including livestock meats (which are 

frequently the next highest food category in terms of THg content).  

 Various store-bought meat and seafood products were reported to be consumed by 

>10% of DS participants in all study area communities, largely uniformly across 

communities and across seasons, though there was some variation (e.g., turkey is 

typically only consumed at certain holiday times such as Christmas and/or Easter; more 

seafood tends to be purchased in the summer than winter months). The regularly 

consumed meat types included: beef (steak/roast), eggs (chicken), chicken, ground 

beef and other ground meats, pork, turkey, and various types of processed meats (e.g., 

bacon, bologna, hot dogs, sausages, sandwich meats). The regularly consumed seafood 

products included: Arctic char, capelin, cod, salmon, canned tuna, crab, lobster, 

mussels, scallops and shrimp. Less than 10% of DS participants in any study area 

community reported purchasing and consuming halibut, trout, shark, swordfish , tuna 

steaks, canned clams, canned herring, and canned salmon. When asked if any other 

seafood products were typically purchased and consumed, participants did not identify 

any other or additional type of seafood product beyond those noted in the DS 

questionnaires.  

 Consumption of store-bought organ meats was generally rare or infrequent, but some 

DS participants reported periodic consumption of beef and chicken organs, as well as 

occasional consumption of crab and lobster tomallie (but this was reported to occur in 

<10% of participants, and is therefore not considered further). Much less than 10% of 

DS participants (limited to a few individuals) reported eating any other type of store-

bought organ meat (from either domestic livestock or seafood species).  

 In general, store-bought meat and seafood preparation and cooking methods were 

similar to those used for country food game mammals, birds and fish. The preferred 

cooking methods varied by food type and by community but generally were roasting, 

boiling, frying and grilling. 

 Contrary to the reporting of consumption frequency and serving sizes for country food 

items, Golder (2015) did not similarly report consumption frequency or serving size 
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summary statistics for store-bought (market basket) foods. Thus, the completed 

individual DS participant questionnaires (response sheets) were reviewed in detail in 

order to identify and compile the consumption frequency and serving size information 

for the store-bought food items. 

 This review showed that there were generally minor to negligible differences in market 

basket meat and seafood consumption patterns between the LCHGP study area 

communities and between genders for a given age class. However, as is typical (as 

observed in numerous national and smaller scale surveys of food consumption 

patterns), there was high variability between DS participants with respect to market 

basket meat/seafood consumption frequency and serving sizes across the life stages 

that were surveyed. This included high variability with respect to those who ate a 

certain food item and those who did not. Consumption pattern variability for the 

market basket food items was higher relative to the variability observed with respect 

to the country food consumption patterns. 

 For the majority of DS participants, consumption frequency ranged from <1 to 1 meals 

per week for store-bought seafood products and ranged from <1 to 4 or more meals 

per week for most store-bought meat products. Serving sizes were highly variable 

across DS participants and spanned all DS serving size categories.  

 Development of Consumption Scenarios, Frequencies and Rates 2.3.7.2

The first step in developing or building the consumption scenarios (i.e., the exposure 

subscenarios) involved utilizing the outcomes of the baseline DS to determine which country 

food and store-bought (market basket) food items (that were included in the DS 

questionnaires) were consumed to a significant extent in each of the LCHGP study area 

communities.  

 

A value of ≥10% of DS participants reporting consumption of a given food item was 

conservatively considered to represent a significant level of consumption such that the given 

food item was evaluated in the HHRA. Food items reported to be consumed by <10% of DS 

participants were not evaluated in the HHRA unless there were other factors that merited the 

inclusion of a certain food item. Foods consumed by <10% of DS participants are not 

considered to contribute significantly to THg and MeHg exposure, on either an individual or 

community population basis. While foods considered to be of low significance may occasionally 

be consumed by some study area community residents, the consumption patterns for these 

foods (when consumed) would be characterized by a rare or infrequent consumption 

frequency such that the foods would be consumed at a very low overall rate. Consequently, 

ingestion of such food items is unlikely to contribute to THg or MeHg exposure to any 

significant extent. As noted in the previous section, the 10% significance level originated in the 

Golder (2015) report. Golder (2015) only derived consumption frequency and rate information 

for country food items that were reported to be consumed by ≥10% of DS participants (for the 
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store-bought or market basket food items, the baseline DS completed questionnaires were 

reviewed to determine the store-bought food items that were consumed by ≥10% of DS 

participants). This approach is considered reasonable and is consistent with various 

assessments of First Nations community chemical exposures from fish and game consumption 

reported in the literature, where food items consumed by a small minority of study subjects 

are typically excluded from further more detailed evaluation or follow-up (e.g., EAGLE Project, 

2001; FNFNES Program (http://www.fnfnes.ca/download).  

 

It is noted that some country food items assessed in the interim HHRA (Golder, 2011) were not 

evaluated in the final baseline HHRA. This is because the final baseline HHRA relied upon the 

DS outcomes to guide the development of consumption scenarios. In 2011, there was no study 

area-specific DS available to inform the interim HHRA. Thus, various assumptions had to be 

made regarding country food consumption patterns such that the interim HHRA ended up 

assessing a number of game bird, game mammal and fish species that were not reported to be 

harvested and consumed to a significant extent (if at all) by the baseline DS participants (i.e., 

beaver, marten, fox, mink, Eider duck, mergansers, northern pike, whitefish, suckers, rainbow 

trout (which do not even occur in the LCHGP study area), smelt other than rainbow smelt, and 

tomcod), and omitting the assessment of some species that are reported to be harvested and 

consumed by DS participants (e.g., porcupine, partridge). Fish and game species that are not 

currently harvested and consumed by DS participants to a significant extent (or at all) are not 

considered in the final baseline HHRA. However, should such species be of concern in the 

future, the potential risks related to consumption of meat/organs could be addressed by 

having harvesters submit tissue samples for analysis, which could then be reviewed and 

interpreted by HHRA and toxicology professionals.  

 

Appendix B presents the specific consumption scenarios that were developed for each LCHGP 

study area community assessed in the HHRA. 

 

Within the consumption scenarios for each community, it was conservatively assumed that 

most country food items can be preserved/stored (e.g., frozen, dried, salted, pickled) and 

consumed at any time of the year despite the seasonality of the harvesting for many of these 

food items. For market basket foods, it was also assumed that the food products can be 

preserved/stored and consumed at any time of the year. While there is generally less of a 

seasonal influence on market basket foods, there are some meat and seafood products that 

tend to be purchased or available for purchase on a seasonal basis. 

 

Golder (2015) Appendix C, and the completed baseline DS questionnaires (response sheets) 

provided information on country food and store-bought food item consumption frequencies 

(by season) and serving sizes, as reported by baseline DS participants. These data sources were 

reviewed in detail and central tendency or average consumption frequency (CF) and serving 

CIMFP Exhibit P-00271 - Appendix O - 44 Page 92

http://www.fnfnes.ca/download


 
Final Baseline HHRA 
October 2016 –12-6331-7000 

79 

 

size (SS) values were calculated for all country food and store-bought food items that were 

determined to be consumed to a significant extent (i.e., by ≥10% of DS participants). Average 

CF and SS values were developed as it is standard HHRA practice to rely upon central tendency 

values (usually the average or arithmetic mean) for exposure and receptor parameters. This 

approach is consistent with all North American regulatory HHRA guidance documents and 

sources of exposure and receptor parameters for HHRA (e.g., Richardson and Stantec, 2013; 

Richardson, 1997; U.S. EPA, 2011; 2008; Health Canada, 2010a). The CF and SS information 

from the baseline DS applied equally to all LCHGP study area communities. While the presence 

of eaters versus non-eaters of certain food items varied by community, if a food item was 

eaten, the CF and SS values were very similar (or showed similar variability) across the DS 

participants from the different study area communities. 

 

Following the calculation of average CF and SS values, consumption rates (CRs) were 

determined. CRs for HHRA purposes are typically expressed as a quantity (mg, g, kg, etc.) 

consumed per day. CRs were developed for all human receptor-food item combinations that 

were evaluated in the HHRA and were applied to each of the assessed consumption scenarios. 

This was facilitated by first converting seasonal CF information (expressed in the DS outcomes 

as the number of times a participant indicated they consume a given food item per each 

season), into a CF expressed on an annualized per day basis, then to a unitless annualized (or 

amortized) value, as per standard HHRA practice. It was assumed that consumption events 

occur on different days of the year. For example, if a food item was reported to be consumed 3 

times a season (i.e., 3 meals per season), then there are 12 days per year that the food item is 

consumed. CF (expressed as number of days per year) was then divided by the total number of 

days in a year (365) to yield a daily unitless annualized (amortized) CF (e.g., 12 days/365 days = 

0.033). The unitless CF values were then multiplied by the average SS reported for each human 

receptor and each country food and store-bought food item under consideration in the study 

area community consumption scenarios, to yield an annualized average CR expressed as kg ww 

food ingested/day [i.e., CF x SS = CR]. The SS values for the assessed food items were also 

expressed as kg ww/day and refer to the kg of wet weight food that is consumed per serving 

(or per meal) per day. The average SS values reported in the DS outcomes represent the typical 

amount that is ingested per each day or each meal that a given food item is consumed. 

 

With respect to the CF values presented in Appendix C of Golder (2015), it was assumed that if 

a CF was reported by DS participants as being <1 meal per week for a given country food item, 

then that CF was conservatively assumed to be 0.5 meals per week, or a meal once every 2 

weeks essentially. Similar professional judgment was used when calculating CF values for store-

bought (market basket) foods (which were determined from a detailed review of the DS 

participant response sheets). For these food items, 0.5 meals per week was also generally 

substituted for CF values reported as <1 meal per week. However, based on the experience 

obtained from conducting the DS program, a CF of 0.25 was used for some food items where 
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the frequency of consumption was known to be quite infrequent. The use of CF values of 0.5 

and 0.25 is believed to be conservative and likely overestimates actual CF values for many food 

items that were reported as <1 meal per week by DS participants.  

 

Appendix B presents the SS, CF and CR values for all food items and all human receptors that 

were evaluated in each of the HHRA consumption scenarios.  

 Groundtruthing and Validation of Consumption Rates 2.3.7.3

While the results of the baseline DS were considered reasonably representative of the LCHGP 

study area communities, it is recognized that the DS had some inherent limitations, biases and 

uncertainties (as do all types of dietary surveys). In particular, it is acknowledged that the 

number of DS participants from some study area communities was relatively small (although 

the pre-determined target sample sizes were achieved), and that the use of financial incentives 

(DS participants were given a $50 VISA gift card as a token of appreciation for their 

participation) could be perceived as a source of bias in the DS. Despite rigorous and careful 

design and best efforts and intentions, any survey programs that require public input and 

participation can suffer from low participation rates and various types of participant bias, 

which in turn can lead to reduced reliability and representativeness of the data that are 

collected.  

 

As such, there was interest in comparing the CR (and CF and SS) values developed from the 

baseline DS outcomes to CR, CF and SS values recommended in Canadian and U.S. regulatory 

HHRA guidance documentation as well as those determined/reported in a number of other 

relevant dietary surveys conducted at varying scales across Canada and the U.S. (national, 

regional, and community-specific), and reported within the scientific literature. 

 

The main points of comparisons were the following sources: 

 

 Health Canada, 2010a. 

 Health Canada, 2007. 

 Health Canada, 1994. 

 Health Canada Total Diet Study (TDS) program. 

 Richardson, 1997. 

 U.S. EPA 2011; 2008 (Exposure Factors Handbooks). 

 Chan et al., 2016; 2014; 2012; 2011 (Health Canada First Nations Food, Nutrition and 

Environment Study (FNFNES) Reports). 

 The EAGLE Project, 2001. 

 Selected HHRAs and/or diet surveys of northern or arctic communities reported in the 

literature (i.e., Lemire et al., 2015; Johansen et al., 2004a,b). 
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 Several recent Canadian HHRAs of THg or MeHg exposure from fish and other country 

foods (e.g., Wilson, 2013; AHW, 2009a,b,c,d; Alberta Health, 2016). 

 Two previous COMERN-funded studies conducted within the LCHGP study area (in 

Sheshatshiu (SH) – i.e., Canuel et al., (2006); Mergler et al., (2005)). 

 

It is noted that many of the CR and CF values reported and recommended in Health Canada 

HHRA and TDS guidance documentation, and in Richardson (1997), originate in the results of 

Nutrition Canada surveys conducted in the early 1970s and reported in BNS (1977). The 

representativeness of 1970s data in 2016 could be considered questionable in some cases. 

 

It must be acknowledged and understood that direct comparisons of CR and CF information 

from different sources can be difficult in some cases (e.g., some documents lack information 

for some food items altogether; some documents do not separately report CR or CF 

information for country/wild fish from market basket or store-bought fish products; some 

documents/sources combine or group certain food items together such that it is not possible 

to separate or disaggregate food items of interest from a broader category). Also, it must be 

recognized that substantial differences in food item CR and CF values between the baseline DS 

and the above sources are expected, due to the fact that country and market basket food 

consumption patterns can and do differ markedly across different communities, and across 

different regions of Canada and the U.S. High variability in CR and CF values across dietary 

surveys is very common and is a function of numerous factors including geographic location, 

climate, ease of access to certain food types in certain communities, subsistence patterns, local 

activities, community demographics, socioeconomic status and many others. 

 

The decision rule for the validation of baseline DS-based CRs was that the DS-based CRs were 

used in the HHRA if they were generally similar to those in the above sources (within an order 

of magnitude) and seemed reasonably realistic overall. If any of the DS-based CRs deviated 

substantially from the CRs in the other sources (such as differing by 2 or more orders of 

magnitude), then the reasonableness of the DS-based CRs was reconsidered, and adjusted (if 

deemed necessary) based on professional judgment and the experience and knowledge 

obtained from administering the baseline DS within the LCHGP study area communities. 

 

While a dietary and health risk evaluation study specific to one of the LCHGP study area 

communities was identified and reviewed (i.e., Canuel et al., 2006 for Sheshatshiu (SH)), this 

paper failed to report CR or CF information for country or market basket foods. Thus, it was not 

considered further. A related study that reported on dietary patterns in SH (i.e., Mergler et al., 

2005) was also of limited value as it failed to differentiate between locally harvested and store-

bought fish consumption. This made it difficult to directly compare these authors’ fish CR 

values to the DS-based country food and market basket fish CRs. However, this study did 
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provide some corroboration for what the DS outcomes showed were the main fish species 

consumed by SH residents (i.e., Atlantic salmon, brook trout and rainbow smelt). 

 

The outcomes of the comparisons showed that while there were differences (as expected), the 

CRs, typical serving sizes, and CF values developed from the DS were generally quite similar to, 

and showed good agreement with, the CR, SS and CF values reported and recommended in the 

above sources and documents. Overall, the DS-based CRs were well within the range of CRs for 

the same or similar food items that have been reported by others. This was especially the case 

for comparisons against country and market basket food item CRs, serving sizes and CFs 

reported for various First Nations communities in Canada (e.g., from Chan et al., 2016; 2014; 

2012; 2011; Lemire et al., 2015; AHW, 2009a,b,c,d; Alberta Health, 2016; The EAGLE Project, 

2001). The DS-based CRs were also frequently (though not always) higher than those reported 

by others for country and market basket foods, and were generally higher than the CRs 

currently recommended by Health Canada and the U.S. EPA for use in HHRAs. While some of 

the country food CR and CF values for First Nations communities in other areas of northern 

Canada were higher than those developed from the DS, this is not unexpected as the DS 

outcomes consistently indicated a relatively low rate of wild fish and game consumption within 

the LCHGP study area, which is supported by previous study area surveys conducted during the 

EA (e.g., Minaskuat, 20093; Nalcor, 2009b). Where the comparisons showed considerable 

differences in CR or CF values for a given food item (which did not occur often), such values 

were always within one order of magnitude of each other, which is a reasonable and expected 

degree of variability when comparing CR and CF values from different dietary surveys 

conducted in different parts of Canada and the U.S. 

 

Given the validation and groundtruthing exercise that was conducted for the DS-based CRs, it 

can be concluded that CR, CF and SS values derived from the baseline DS outcomes are 

reasonable, are representative of the LCHGP study area communities, and are conservative 

such that their use is likely to overestimate MeHg and inorganic Hg exposure and risk.  

 

Despite the inherent uncertainties and limitations that are associated with any community or 

study area-specific dietary survey, reliance on study-area-specific consumption frequency and 

rate data (for both country foods and market basket foods - as market basket food intakes are 

influenced by the degree and extent of country food consumption patterns), is generally 

 

 

3
 The outcomes of the previous Minaskuat (2009) fish consumption and angling survey generally support baseline DS 

findings with respect to fish consumption patterns, meal sizes and consumption frequencies. However, this survey 
had a number of issues which limits its utility (e.g., telephone survey only; relatively small number of participants; 
no participation from SH; inconsistent or conflicting responses; lack of recorded responses to some questions; low 
response rates to some questions). Further details regarding this survey and its outcomes may be found in 
Minaskuat (2009). 
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regarded as a preferred approach in HHRA, relative to using default CRs and CFs that are based 

on dietary patterns data from other locations, that may not be applicable to the communities 

being investigated (Health Canada, 2010d; Conder and Arblaster, 2016). 

2.4 Exposure Assessment 

Exposure assessment involves the estimation of the amount of chemical received by 

individuals per unit time (i.e., the quantity of chemical and the rate at which that quantity is 

received). The exposure assessment evaluates and integrates available data for the chemicals, 

human receptors, and exposure pathways/routes that were selected during the problem 

formulation step of the HHRA. The rate of exposure to chemicals is usually expressed as a dose, 

or the amount of chemical taken in per body weight per unit time (e.g., mg chemical/kg body 

weight/day). 

 

The degree of human exposure to chemicals in foods and environmental media depends on 

the interactions of a number of parameters, including: 

 

 The concentrations of COPCs in study area biota (which may comprise food items) and 

environmental media (e.g., air, water, soil, sediments) as determined by the quantities 

of chemicals entering environmental media and biota from various natural and 

anthropogenic sources, their fate and persistence in these media and biota, and the 

normal ambient or background concentrations that may exist independent of a specific 

source. 

 The physical-chemical and environmental fate and behavior characteristics and 

properties of the COPCs. 

 The influence of study area-specific environmental characteristics, such as geology, soil 

types, topography, hydrology, hydrogeology, hydrodynamics, local meteorology and 

climatology etc., on COPC fate, transport, partitioning, persistence and behaviour 

within environmental media and biota. 

 The various operable exposure pathways and routes for the transfer of COPCs from the 

different environmental media and biota to humans (e.g., ingestion of food items; 

inhalation of indoor and outdoor air, soil particles and dusts; ingestion of water; 

ingestion of soils/dusts; skin penetration of various chemicals from water or soil/dust 

contact). 

 The physiological, behavioural and lifestyle characteristics of human receptors that 

determine the actual COPC exposures received, through receptor interactions with the 

various exposure pathways (e.g., food intake rates, respiration rates, water intake 

rates, soil/dust intake rates, time spent at various activities and at various locations). 

 The various physical, chemical and biological factors that determine the ability of 

people to take chemicals into their bodies via the operable exposure pathways and 
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routes (e.g., bioavailability and bioaccessibility of COPCs within foods, soil/dust, water, 

air). 

 

For chemical exposure estimation and characterization in HHRAs, there are two approaches 

that are routinely used: i) deterministic (point estimate) exposure analysis; and, ii) probabilistic 

(i.e., stochastic) exposure analysis. Deterministic analysis is the more traditional approach, and 

involves the use of reasonable worst case, or most likely (i.e., central tendency) assumptions 

and parameters, and reasonable maximum or upper bound concentrations of COPCs in 

environmental media and biota, to ensure a conservative and protective exposure assessment. 

This approach typically results in conservative overestimates of exposure and potential risk. 

Probabilistic (or stochastic) exposure analysis uses a range of values for each input parameter 

(rather than the single values used in the deterministic approach), where sufficient data are 

available, and where each range of values for a given parameter is characterized by a 

probability distribution (sometimes called a probability density function), which reflects the 

variability in the data. The probability distributions are then assigned to the exposure 

parameters used in the assessment (where appropriate), and the exposures (and risks) are 

estimated using Monte Carlo modelling approaches where thousands of iterations are run. 

Probabilistic risk estimates are typically expressed as cumulative distribution functions. 

Probabilistic exposure analysis approaches are less conservative than deterministic approaches, 

but may provide more realistic estimates of exposure and risk, if the probability distributions 

for the exposure parameters are sufficiently well characterized and robust.  

 

It is common (and appropriate) for HHRAs to initially determine point estimate (deterministic) 

exposures for all human receptors and exposure scenarios. This helps identify areas and 

aspects of the HHRA where more detailed or refined approaches (such as probabilistic 

exposure modelling) could or should be used to refine assumptions and data to enable a more 

realistic exposure assessment. Other HHRA refinements may include further data collection or 

the use of more advanced statistical analyses. However, in situations where deterministic 

exposure assessment outcomes yield predictions of no or limited potential risk to receptors, 

and if the degree of uncertainty and variability is deemed acceptable or reasonable (or if it is 

not feasible to further reduce uncertainty and variability), it is often unnecessary to apply more 

detailed or more sophisticated approaches, such as probabilistic exposure assessment.  

 

For the final baseline HHRA, deterministic (point estimate) exposure analysis was conducted. 

As noted, this is the typical approach to exposure analysis that is taken in most HHRAs, and is 

virtually always the approach taken for initial HHRA studies of a given study area or site. This is 

because one cannot know where probabilistic approaches may be most helpful to apply until 

point estimate exposure and risk estimates are first available. Other advantages of conducting 

deterministic exposure analysis for the final baseline HHRA include the outcomes of previous 

discussions with Health Canada (who recommended a traditional approach to HHRA and 
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exposure assessment), and the more easily communicated nature of deterministic exposure 

analysis relative to probabilistic exposure analysis. Deterministic approaches lend themselves 

to greater transparency and clearer communication of the exposure assessment methods and 

assumptions (which are both viewed as important features for the final baseline HHRA), while 

probabilistic approaches are inherently more complex and difficult to communicate to 

regulators and stakeholders in an effective and easily understood manner. Furthermore, in the 

experience of the HHRA team conducting the final baseline HHRA, previous application of 

probabilistic exposure analysis approaches often did not significantly change HHRA outcomes 

or conclusions, nor did it significantly reduce underlying data uncertainty and variability. In 

some cases, the use of probabilistic approaches may increase rather than reduce uncertainty, 

particularly if the probability density functions for key exposure parameters are not well 

characterized or statistically robust. 

 

Probabilistic exposure analysis approaches may be revisited as a potential future level of 

refinement to the HHRA (should that be deemed necessary), or they may merit consideration 

for future data assessment in support of consumption advisory programs. When probabilistic 

approaches are used in HHRAs, they are most often conducted as part of supplemental studies 

or as a level of refinement to the original deterministic exposure assessment. They are most 

appropriately used to attempt to refine key areas of uncertainty and/or variability that may 

reduce confidence in the results of deterministic exposure and risk assessments, but should 

generally not be applied as the initial exposure assessment technique in a HHRA.  

2.4.1 Characterization of Biota and Food Item Chemistry Data Evaluated in the Exposure 
Assessment 

Data for THg or MeHg concentrations in the assessed country and store-bought food items 

were obtained from a number of different sources. Country food item chemistry data were 

obtained from previous and ongoing LCHGP monitoring programs where possible and where 

relevant. For store-bought food items and country food items that lacked study area-specific 

data, representative THg or MeHg concentrations were identified from the scientific literature.  

 

The following subsections briefly describe the major sources of the food item chemistry data 

that were assessed in the HHRA. Details of the sampling or other data collection methods 

(including specific sampling locations) for these sources are not provided herein. Rather, such 

information is available in the source documents themselves, along with various other details 

regarding the food item/biota chemistry data, and the programs within which these data are 

collected. Similarly, no discussion of chemistry data QA/QC metrics is provided or reproduced 

herein. Rather, analytical data QA/QC is addressed in the source documents. However, in all 

data sources that provided data QA/QC information, the laboratory QA/QC certificates and QA 

performance measure outcomes were reviewed. From these reviews, it was verified that all 

food item chemistry data assessed in the HHRA were of adequate quality for HHRA purposes. 
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No data quality issues were identified with respect to any of the food item chemistry data that 

would preclude or limit its use in a HHRA study. 

 LCHGP Study Area Country Food Item Chemistry Data 2.4.1.1

The following bullets describe the major sources of LCHGP study area country food item 

chemistry data for the HHRA. 

 

 The single largest major data source was the aquatic environmental effects monitoring 

(EEM) program data obtained from AMEC-FW (2015) as well as raw data summaries 

provided directly to Dillon by AMEC-FW. The aquatic EEM program has collected data 

on THg concentrations in 15 fish species from 2010 to ongoing, from numerous 

locations within the LCHGP study area, including: Goose Bay, Lake Melville, the main 

stem of the Lower Churchill River, and various tributaries to the River. Over 2000 (and 

counting) individual fish muscle samples have been analyzed for THg in the aquatic 

EEM program. The EEM program analyzes fish muscle tissue for THg, unless fish are 

<50 g or <51 mm in length in which case whole fish are analyzed. The EEM program 

also reports data on fish length, weight and other parameters that are not of direct 

relevance to the HHRA. In 2014, the EEM program was slightly modified to include the 

collection of some additional data relevant to the HHRA program, although the 

program had already largely been collecting data that were relevant for HHRA 

purposes. The additional data collection related to including further parameters that 

are relevant to human exposure and risk (i.e., Se, PUFA, MeHg). Available data on 

these parameters are limited at this time but data collection is ongoing within the EEM 

program (e.g., MeHg fish muscle concentration data are limited at this time to 2, 6, 4, 

and 1 individual white sucker, northern pike, brook trout and Atlantic salmon, 

respectively; fish muscle tissue PUFA concentrations are limited to 4 individual brook 

trout and 1 individual salmon; fish muscle Se concentration data are limited to 5, 1, 4, 

and 1 individual northern pike, lake whitefish, brook trout and salmon, respectively. 

The currently available MeHg data for fish muscle tissue is not assessed in the HHRA 

given the small number of data points available relative to the fish THg data. Also, 

there are analytical issues affecting the 2014 and 2015 fish MeHg data in that MeHg 

concentrations exceed THg concentrations in the samples that have been analyzed to 

date. While it is commonly assumed that most THg in fish is comprised of MeHg, the 

measured MeHg concentrations should not exceed the measured THg concentrations. 

This issue may reflect the fact that two different laboratories were used for THg and 

MeHg analysis. The 2016 EEM program seeks to resolve this issue by having THg and 

MeHg in fish samples analyzed by the same laboratory.  

 

The aquatic EEM program also collects data on THg concentrations in ringed seal (Pusa 

hispida) muscle tissue since 2011 (N=159  to date) and THg in ringed seal liver tissue 
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since 2012 (N=145 to date). Data on MeHg concentrations in muscle tissue started to 

be collected in 2015 (N= 20 at this time). These MeHg data are subject to the same 

issues as the fish MeHg data and were therefore not evaluated in the HHRA. Data are 

also collected and compiled for year, sample ID, seal weight, seal length, blubber 

thickness (since 2013), and seal age. To date, mostly young seals have been sampled 

(<1 year old), as it is younger seals that are typically harvested by the Inuit, but seal 

ages have ranged up to 22 years in the EEM program to date.  

 

 AMEC Earth & Environmental Ltd. 2000. 1999 Freshwater fish Mercury Sampling, 

Churchill River, Labrador (LHP99‐07). Prepared for Labrador Hydro Project, St. John’s, 

NL. 

 

 Results of 1999, 2004 and 2010 fish sampling programs in Winokapau Lake, Gull Lake, 

and the portion of the Churchill River between Muskrat Falls and Happy Valley – Goose 

Bay (reported in Stantec, 2010). 

 

 Unpublished Environment Canada wild bird egg THg concentration data (2013-2015) 

from Lake Melville area; N=83; data are available for eggs from ring-billed gull, Great 

black-backed gull, red-breasted merganser, herring gull and eider duck. These species 

are considered conservative surrogates for eggs of the reportedly consumed species 

(in the DS) of herring gull, Canada goose, merganser, and black duck.  

 

LCHGP Study Area Wild Bird and Mammal Game Meat/Organ Chemistry Data 

At this time, there are no available LCHGP study area data on THg or MeHg concentrations in 

the meat or organs of the wild bird and mammal game species that DS participants were 

reported to harvest and consume. In an effort to identify such data (if it exists), a detailed 

review of LCHGP current and past monitoring programs and EA documentation was conducted, 

and detailed searches of several comprehensive scientific literature databases were also 

conducted. These review and search efforts did not identify any available published or 

accessible LCHGP study area data on THg or MeHg concentrations in the meat or organs of 

consumed wild bird and mammal game species. Searches and reviews were also conducted for 

selected documents posted to NL and CEAA EA registries for large projects within Labrador. 

Again, no game bird or mammal THg or MeHg data were identified for locations within 

Labrador; however, the EA registry searches were not exhaustive. This is largely because 

if/when chemical tissue residue data are collected in support of an EA process, it is often not 

presented within the main EA documents but rather, tends to be provided in supporting 

studies or technical appendices that are not always posted to provincial and federal EA 

registries. 
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Given these data gaps, it was necessary to utilize surrogate game bird and mammal THg or 

MeHg tissue residue data from other locations that are similar to the LCHGP study area. It is 

quite common in HHRAs to need to use surrogate data from locations outside a given study 

area if the required study area data are not available or are limited (this occurred within the 

Golder, 2011 interim HHRA as well). It is also a common occurrence for game animal chemical 

residue data to be limited or non-existent in many areas, especially if those areas are not 

industrialized. Many studies reported in the scientific literature that investigate human Hg 

exposure and risk in northern communities routinely utilize surrogate data for certain media 

and food items, that are sourced from other similar areas to the ones being studied. The 

common need to use surrogate data in HHRA and public health studies that investigate Hg 

exposure, is also acknowledged in WHO (2008). 

 

Surrogate data on THg or MeHg concentrations in game bird and mammal meat and organs 

were sourced primarily from various studies and monitoring programs conducted in northern 

and southern Quebec, Newfoundland, the Nunavik region of Quebec, and a number of other 

arctic and subarctic areas of Canada and Greenland. All such areas were determined to be 

sufficiently similar to baseline conditions in the LCHGP study area in that they are largely 

undeveloped and/or rural with minimal to no industrial activity that would represent potential 

point sources of Hg emissions, occur at a similar northern latitude as the LCHGP study area, 

and have similar ecozones, and climatological, meteorological, geological and topographic 

features as the study area. Within these areas, the only sources of wildlife exposure to Hg are 

naturally occurring and reflect local geology and the atmospheric deposition of Hg (that is part 

of the global atmospheric pool of Hg) onto surface media. Given the generally similar northern 

latitude of these areas to the study area, atmospheric Hg deposition patterns and rates are 

expected to be similar to those that would occur in the LCHGP study area. Where suitable 

surrogate data were available from northern Quebec or the Nunavik region of Quebec, these 

data were generally used preferentially as there are many physical, chemical, and 

biological/ecological similarities between these areas and the LCHGP study area. However, 

where data were lacking or severely limited from the preferred information sources and 

locations, Health Canada FNFNES reports (i.e., Chan et al., 2016; 2014; 2012; 2011) were also 

used (if necessary) to identify surrogate data for game meat and organ THg or MeHg 

concentrations. Similarly, meat and organ Hg data collected within Yukon wildlife contaminant 

monitoring programs were also used, but only if more geographically relevant surrogate data 

were not identified or were very limited (e.g., there are differences in Hg atmospheric 

deposition patterns between western and eastern Canada and there are also considerable 

geological differences between Yukon and Labrador relative to those that exist between 

Labrador and northern Quebec or Nunavut, for example).  

 

The surrogate data were collected over the 1980s, 1990s and 2000s from their respective 

locales. While somewhat “dated” in some cases, these data were deemed adequately 

CIMFP Exhibit P-00271 - Appendix O - 44 Page 102



 
Final Baseline HHRA 
October 2016 –12-6331-7000 

89 

 

representative of baseline conditions within the LCHGP study area as they represent areas with 

no industrial influence or Hg emission sources, and the same or similar analytical methods 

were used to determine game meat and organ concentrations in the older studies as were 

used in the more recent studies.  

Thus, the compiled surrogate data on THg or MeHg concentrations in game bird and mammal 

meat and organs were considered to be adequately representative of baseline LCHGP study 

area THg/MeHg concentrations in the species that were reported to be consumed by DS 

participants. 

 

It is recognized though that there is uncertainty associated with the use of surrogate data in 

the current final baseline HHRA, and within HHRAs in general. Thus, should more relevant 

study area-specific data on THg or MeHg concentrations in game bird and mammal meat and 

organs (relative to those used in the HHRA) be identified or collected in the future, the HHRA 

exposure and risk calculations could be revisited at that time, if deemed necessary. 

 

Additional details regarding the wild bird and mammal game meat and organ THg and MeHg 

data that were assessed in the HHRA are provided in Appendix B (including the sources of the 

surrogate data (citations), the sample sizes (N), and the THg or MeHg concentration statistics 

that were compiled and used to estimate exposure point concentrations (EPCs)).  

 Store-Bought (Market Basket) Food Item Chemistry Data 2.4.1.2

Store-bought (market basket) food item Hg chemistry data that were assessed in the HHRA 

were obtained from the scientific literature (i.e., U.S. FDA, 2016; 2014; Health Canada, 2007; 

Dabeka et al., 2003; 2004; CFIA, 2002-2004). Meats and eggs Hg data were obtained from U.S. 

FDA (2014) and Dabeka et al., (2003). Data on THg concentrations in seafood products were 

obtained from these sources as well as from seafood-specific data sources (i.e., U.S. FDA, 2016; 

Health Canada, 2007; Dabeka et al., 2004; CFIA, 2002-2004). 

 

Much of the literature-based data for Hg levels in market basket seafood and meat/egg 

products is generated in Total Diet Studies (TDS) conducted by Health Canada and the U.S. 

Food and Drug Administration (U.S. FDA). Both TDS programs purchase foods from retail 

grocery stores (at least a few different stores in a given selected city), prepare/process the 

foods as if they would be consumed (i.e., cooked in various common ways), and then analyze 

samples of the prepared food items. Efforts are made to ensure that sampled foods reflect the 

current North American diet, based on results of national scale food consumption or dietary 

surveys that are periodically updated (approximately once every 10 years in the U.S; in Canada, 

a national scale dietary survey has not been conducted since the early 1970s though). Foods 

analyzed in TDS programs are typically grouped or aggregated into food composites or 

representative foods that represent several or more similar food items. TDS programs are 

conducted in many other countries too, and are recommended by the WHO as a means for 
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contaminant surveillance in food supplies. In both Canada and the U.S., TDS programs have 

been occurring since the 1960s and are on-going.  

 

Analytical methods used for THg (it is usually only THg that is analyzed for) in Canadian and U.S. 

TDS programs are the same or similar, which enables pooling of the data from both programs. 

Both Health Canada and U.S. FDA TDS programs report chemical concentrations in foods on a 

ww basis without correcting for analytical recovery (which is the same manner in which 

country food items are analyzed). The data provided by Canadian and U.S. TDS programs are 

reported as chemical concentrations in the various food composites or groups, and also as 

intakes (e.g., mg/day or mg/kg body weight/day) for male and female age class categories. 

 

Further details regarding the Canadian (Health Canada) and U.S. (FDA) TDS programs are 

available at the following websites: (http://www.hc-sc.gc.ca/fn-an/surveill/total-diet/index-

eng.php; (http://www.fda.gov/Food/FoodScienceResearch/TotalDietStudy/default.htm ). 

 

The most current Canadian TDS Hg data for meat, egg and seafood products are reported in 

Dabeka et al., (2003; 2004), and are based on TDS programs conducted in Whitehorse, YK 

(1998) and Ottawa, ON (2000). The most current U.S. TDS Hg data are reported in U.S. FDA 

(2014), which captures TDS programs conducted between 2006 and 2011 in a number of U.S 

cities. 

 

Additional details regarding the store-bought (market basket) meat, egg and seafood THg data 

that were assessed in the HHRA are provided in Appendix B (including the sources of these 

data (citations), the sample sizes (N) – where reported, and the THg or MeHg concentration 

statistics that were compiled and used to estimate exposure point concentrations (EPCs)). 

 LCHGP Study Area Country Food Item Chemistry Data Distributions and 2.4.1.3
Characterization 

For the assessed country food items that have LCHGP study area Hg data available (i.e., fish, 

seal meat and organs, wild bird eggs), statistical summaries of these data are provided in 

Appendix D. These data are collected within the Nalcor aquatic EEM program and an 

Environment and Climate Change Canada monitoring program and have the raw data available 

to enable the preparation of statistical data summaries.  

 

Similar statistical data summaries could not be provided however for the assessed store-

bought (market basket) food items, because the raw data were not provided in the sources 

from which these data were obtained.  
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LCHGP Study Area Fish Data 

 

Appendix D provides various general summary statistics for THg concentrations in fish muscle 

tissue, for all LCHGP study area fish species (including those that are not harvested and 

consumed) that have been sampled to date in LCHGP study area EEM programs. It also 

presents summary information for all fish samples collected and analyzed to date, for each of 

the individual study area fish species and some grouped fish species (parameters include: year, 

location, sample ID, length, THg concentrations, MeHg, PUFA and Se concentrations (where 

available), and detection frequency information for THg in fish muscle tissue samples). For 

these data summaries, the fish species assessed in the HHRA are presented first, followed by 

the fish species that are included in the aquatic EEM program, but not considered in the HHRA. 

For each individual and grouped fish species data summary sheet, Appendix D also compares 

the measured fish THg muscle concentration data to regulatory fish tissue residue benchmarks 

for THg that are protective of human consumers of fish, and provides data on the frequency of 

exceedance of the fish muscle THg concentrations over these benchmarks. The benchmarks 

used were as follows: 

 

 Health Canada (CFIA, 2014) Action Level for Mercury in Commercial Fish and Fish 

Products (0.5 mg/kg ww)4. This value is used primarily for commercial fish and seafood 

products and is used as a general screening criterion. 

 Health Canada Fish Advisory Level for Subsistence Consumers of 0.2 mg/kg ww. This 

advisory level for subsistence consumers was developed by the First Nations and Inuit 

Health Branch of Health Canada and is applied within First Nations and Inuit 

communities where people rely on subsistence fresh water fishing as a major food 

source (Health Canada, 1979; Feeley and Lo, 1998; Health Canada, 2007). It is 

generally advised that First Nations and Inuit consumers should limit their fish 

consumption if the mercury levels in the consumed subsistence species are >0.2 mg 

THg/kg ww fish. 

 U.S. EPA (2001a) Fish Tissue Criterion for Consumers of Non-Commercial 

Freshwater/Estuarine Fish (0.3 mg/kg ww). 

 

A summary and brief discussion of the benchmark frequency of exceedance data is provided in 

Section 3.0. 

 

 

 

4
 This value is the current Canadian standard (maximum level) for THg in the edible portion of all retail fish (with 6 

exceptions where 1.0 mg/kg ww is the standard - i.e., edible portions of escolar, orange roughy, marlin, fresh and 
frozen tuna, shark and swordfish)(CFIA, 2014). 
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The individual and grouped fish species data summary sheets in Appendix D also provide 

calculated fish muscle THg EPCs (which are UCLM95 values). As described further in Section 

2.4.2, the EPCs were calculated using U.S. EPA ProUCL Version 5.1 statistical software. The 

ProUCL output for these EPC calculations is also provided in Appendix D.  

 

As noted previously (Section 2.4.1.1), the currently available MeHg data for fish muscle tissue 

is not assessed in the HHRA given the small number of data points available relative to the fish 

THg data, and analytical issues regarding the 2014 and 2015 fish MeHg data. Thus, only fish 

muscle THg data were assessed in the final baseline HHRA. 

 

More specifically, only fish muscle THg data collected from 1999 onward in study area water 

bodies were considered in the HHRA. While it is acknowledged that fish THg data prior to 1999 

exist for some water bodies within the LCHGP study area, such data were not evaluated. Much 

of the pre-1999 fish data were collected from water bodies outside of the LCHGP study area 

(different watersheds and considerable distance from the study area), and may not adequately 

represent baseline conditions in study area water bodies (there is no justification for 

considering such data in any event when ample current baseline fish THg data exist for water 

bodies within the study area). Also, for the pre-1999 data that were collected from water 

bodies within the LCHGP study area, most of these data are now quite old (late 1970s for some 

fish Hg datasets) and cannot be considered representative of current baseline study area 

conditions. This is largely because fish Hg data collected before 1999 from study area water 

bodies may have still been showing an influence of the upper Churchill hydroelectric reservoirs 

near Churchill Falls. As noted in AMEC-FW (2015), and also mentioned in numerous EA and 

post-EA documents, it is widely believed that the influence of the upper Churchill Project had 

diminished by the late 1990s such that by around 1999, THg concentrations in most fish 

species were similar to those in undisturbed reference lakes in Labrador and presumably 

similar to what baseline conditions would have been like prior to the upper Churchill 

development (i.e., returned to baseline). Thus, 1999 is considered the start of the baseline 

period for the LCHGP (J. McCarthy, AMEC-FW, Personal Communication).  

 

The aquatic EEM Program (i.e., AMEC-FW (2015); and, including the data reported in AMEC 

(2000) and Stantec (2010)) has collected data on THg concentrations in fish muscle tissue for 

the following species since 1999 (and on-going):  

 

 American eel; N=1. 

 Atlantic salmon; N=25. 

 Brook trout; N=340. 

 Dwarf lake whitefish; N=25. 

 Lake chub; N=44. 

 Lake whitefish; N=173. 
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 Longnose sucker; N=500. 

 Northern pike; N=93. 

 Rainbow smelt; N=142. 

 Round whitefish; N=35. 

 Tomcod; N=91. 

 White sucker; N=399. 

 Winter flounder; N=10. 

 Burbot; N=29. 

 Lake trout; N=10. 

 Ouananiche; N=19. 

 

Of these species, not all are targeted for routine THg analysis, but rather, some species are 

collected and analyzed opportunistically for THg (e.g., burbot). The selection of target fish 

species for THg analysis was previously described in the LCP Aquatic Environmental Effects 

Monitoring Plan (Nalcor Doc. No. LCP-PT-MD-9112-EV-PL-0001-01, Revision B3), posted at: 

https://muskratfalls.nalcorenergy.com/environment/generation/.  

 

Not all of these species are harvested and consumed by residents of the LCHGP study area 

communities either. In any given study area, it is common that only a few to several resident 

fish species are harvested and consumed by humans to any significant extent. As previously 

noted (Section 2.3.7.1), the HHRA focused on study area fish species that were reported to be 

consumed by a significant number (≥10%) of baseline DS participants. Golder (2015) showed 

that the most commonly harvested and consumed species within the LCHGP study area were 

Atlantic salmon (including ouananiche (land-locked salmon)), brook trout, rainbow smelt, lake 

trout and rock cod. The outcomes of the baseline DS (as reported in Golder, 2015) suggested 

no significant consumption (rare), or no consumption at all, for the following study area fish 

species:  

 

 American eel. 

 Dwarf lake whitefish. 

 Lake chub. 

 Lake whitefish. 

 Longnose sucker. 

 Northern pike. 

 Round whitefish. 

 Tomcod. 

 White sucker. 

 Winter flounder. 
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These baseline DS findings are corroborated by the previous Minaskuat (2009) fish 

consumption and angling survey. Despite its limitations (as previously noted), this survey 

reported that the fish species most commonly consumed across the communities of HVGB, 

NWR and ML were Atlantic salmon, brook trout, cod, smelts, and char, with relative 

proportions varying by community. It is noted though that char (presumably Arctic charr) is not 

a fish species that occurs within the LCHGP study area. Survey responses for the fish species 

consumed within the study area included store-bought fish and wild fish obtained from outside 

the study area. Minaskuat (2009) reported infrequent consumption of capelin, mackerel, 

halibut, shellfish, squid (none of which occur in study area waters), as well as ouananiche, 

northern pike, lake trout, rock cod, tomcod, whitefish, winkles, and longnose sucker. The top 

four fish species that were reported to be consumed in the angling survey were salmon, trout, 

smelt and cod. Depending on the community (e.g., Churchill Falls), ouananiche were similarly 

preferred as anadromous Atlantic salmon. The outcomes of both the baseline DS and the 2009 

angling survey indicated that the extent to which any fish species is harvested and consumed is 

at least somewhat dependent on where a given species occurs (i.e., fish habitat, ecology and 

food resource availability) and whether or not there are any physical barriers that might limit 

human access to certain water bodies and/or limit/prevent fish migration and movement. At 

this time, there are not believed to be significant physical barriers that would impede angler 

access to LCHGP study area water bodies. 

 

Baseline DS participants reported significant consumption of some wild fish species that are 

not evaluated in the aquatic EEM Program because they do not occur to any significant extent 

within the LCHGP study area (i.e., Arctic charr, capelin, cod, rock cod). Charr, capelin and 

saltwater (Atlantic) cod do not appear to occur within the study area water bodies and have 

not been encountered to date within the aquatic EEM program (Matthew Gosse, AMEC-FW, 

Personal Communication). For such reasons, these species are not target aquatic EEM species. 

It is considered likely that these species are harvested outside the LCHGP study area and/or 

provided to study area community residents by friends or family members who live elsewhere. 

The baseline DS outcomes showed that these species are also purchased from grocery stores 

within the study area communities. This is believed to be a much more common occurrence 

than the local harvesting of Arctic charr, capelin and saltwater cod. The HHRA accounts for 

potential THg and MeHg exposures from the consumption of store-bought Arctic charr, capelin 

and Atlantic cod. 

 

There was a potential for some confusion among DS participants with respect to the reported 

consumption of freshwater or estuarine cod or cod-like species. While Atlantic cod (salt water 

cod) are not believed to occur within the study area water bodies (none have been observed 

since the start of the aquatic EEM program in 2010; Matthew Gosse, AMEC, Personal 

Communication), freshwater cod species such as burbot and rock cod are occasionally 

captured or observed. Burbot are observed or captured more frequently than rock cod (though 
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still not at a high frequency), and more so in the upper reaches of the lower Churchill River 

system, such as Gull Lake. Rock cod are quite rare in the LCHGP study area and have been 

observed on only a few occasions since the start of the aquatic EEM program (Matthew Gosse, 

AMEC-FW, Personal Communication). Given these observations, it is believed that when DS 

participants reported consumption of cod from freshwater areas of the LCHGP study area, 

burbot are most likely what they were referring to. Thus, burbot were assumed to represent 

“rock cod” as reported by DS participants. Tomcod are considered unlikely to be mistaken for 

rock cod, burbot or Atlantic cod, as they are a different species with a distinctly different 

appearance relative to these other cod or cod-like species. As noted above, there is no 

evidence to date for significant consumption of tomcod within the LCHGP study area.  

 

Because there was some uncertainty regarding the fish species that baseline DS participants 

reported consumption of, a check mechanism was conducted as follows. After the calculation 

of THg EPCs (all UCLM95 values) for all fish species included in the aquatic EEM Program, which 

as noted above, includes several species for which DS participants reported no or limited 

consumption, the EPCs for the consumed species were compared against the EPCs for the non- 

or rarely consumed species, to determine if non- or rarely consumed study area fish species 

had THg EPCs that were greater than those calculated for the consumed fish species that were 

assessed in the HHRA (i.e., brook trout, lake trout, burbot/freshwater cod, Atlantic 

salmon/ouananiche, rainbow smelt). All THg EPCs calculated for the non- or rarely consumed 

fish species were found to be lower than those calculated for one or more of the assessed 

species. The THg EPCs for brook trout, lake trout, burbot/freshwater cod, Atlantic 

salmon/ouananiche, rainbow smelt were 0.07, 0.52, 0.18, 0.14, and 0.12 mg/kg ww, 

respectively. THg EPCs (mg/kg ww) were as follows for the non-consumed or rarely consumed 

species: Dwarf lake whitefish (0.09), Lake chub (0.07), Lake whitefish (0.12), Longnose sucker 

(0.097), Northern pike (0.4), Round whitefish (0.05), Tomcod (0.11), White sucker (0.11), and 

Winter flounder (0.11). As many local anglers may not be able to clearly distinguish between 

the three whitefish species, a THg EPC for all whitefish combined was also calculated (i.e., 0.12 

mg/kg ww). Given these EPC values, there was considered to be a negligible potential that a 

rarely consumed fish species would pose a higher potential for human THg (and MeHg) 

exposure, if it were to be consumed at a higher rate than reported by DS participants, relative 

to those species that were assessed in the HHRA. 

 

For HHRA and check mechanism purposes, some of the study area fish species were grouped 

on the basis of their being essentially the same species or not easily distinguishable from each 

other by anglers or consumers. For example, although whitefish were not assessed in the 

HHRA due to negligible rates of harvesting and consumption (as reported by baseline DS 

participants), all whitefish THg data were combined for the purposes of the check mechanism 

noted above. For dwarf whitefish and lake whitefish, the only difference between these 

species is a higher growth rate in the lake whitefish. Their appearance and their ecology are 
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otherwise identical (Matthew Gosse, AMEC-FW, Personal Communication). Round whitefish 

were also combined with the other whitefish species. While a more distinctly different species, 

its feeding ecology and habitat requirements are similar to the other whitefish species, and the 

few DS participants that said they eat whitefish (which was <10% of participants in each study 

area community) could not generally distinguish between the different types of whitefish. In 

addition, for HHRA purposes, Atlantic salmon and ouananiche (landlocked salmon) were 

combined as many DS participants did not or were not able to distinguish between 

anadromous salmon and land-locked salmon. It is acknowledged though that there would be 

considerable differences between these two salmon types in terms of residency time and 

MeHg exposure potential in study area water bodies. 

 

LCHGP Study Area Seal Data 

 

Appendix D provides various general summary statistics for THg concentrations in seal muscle 

and liver tissue. It also presents summary information for the seal data collected to date 

(parameters include: year, sample ID, seal weight, seal length, blubber thickness, and seal age), 

and detection frequency information for THg in seal muscle and liver samples. Data on Se and 

PUFA in seal muscle and liver started to be collected in 2015, but too few data points are 

available at this time to be able to include such data in the HHRA. The limited seal muscle 

MeHg data that are available at this time (N=20) are subject to the same issues as the fish 

MeHg data and were therefore not evaluated in the HHRA.  

 

There are no benchmark comparisons provided in Appendix D for the seal muscle and liver THg 

data as the fish tissue residue benchmarks (noted in the previous subsection) are not 

appropriate to apply to other country food items, and regulatory tissue residue benchmarks for 

THg in seal muscle or liver tissue that are protective of human health, do not exist at this time.  

Appendix D also provides calculated seal muscle and liver THg EPCs (which are UCLM95 

values). As described further in Section 2.4.2, the EPCs were calculated using U.S. EPA ProUCL 

Version 5.1 statistical software. The ProUCL output for these EPC calculations is also provided 

in Appendix D.  

LCHGP Study Area Wild Bird Egg Data 

 

Appendix D provides various general summary statistics for THg concentrations in wild bird 

eggs for several local study area species (i.e., Ring-billed Gull, Common Tern, Red-breasted 

Merganser, Herring Gull, Great Black-Backed Gull, Common Eider) that were provided to the 

HHRA team by Environment and Climate Change Canada. All species except the Common Tern 

were considered in the HHRA given baseline DS outcomes that indicated gull, merganser, duck 

and goose egg consumption, but no tern egg consumption, by study area residents. Appendix 

D also presents summary information for all wild bird egg samples collected and analyzed to 
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date (parameters include: sample ID, specimen #, species, collection site location, province, 

collection date, site code, latitude, longitude, moisture content(%), and THg concentrations in 

eggs expressed as both mg/kg dw and mg/kg ww). The detection frequency for THg in wild bird 

eggs was 100%. 

 

There are no benchmark comparisons provided in Appendix D for wild bird egg THg data as the 

fish tissue residue benchmarks (noted above) are not appropriate to apply to other country 

food items, and regulatory tissue residue benchmarks for THg in wild bird eggs that are 

protective of human health, do not exist at this time.  

The wild bird egg data summary provided in Appendix D also presents the calculated THg EPC 

for the species considered in the HHRA (which is a UCLM95 value). As described further in 

Section 2.4.2, the EPC was calculated using U.S. EPA ProUCL Version 5.1 statistical software. 

The ProUCL output for the EPC calculation is also provided in Appendix D.  

 Consideration of Fish Length (Size) and Normalizing Fish THg Muscle Concentrations 2.4.1.4
to Standard Fish Lengths 

It has been well established for many years that THg levels in fish muscle tissue correlate 

positively and generally strongly with fish length. This relationship has been utilized in 

numerous monitoring programs around the world to normalize THg concentrations in fish to 

standard fish lengths that are believed to represent “typical” sizes of fish consumed by humans 

or wildlife. While normalizing fish THg concentrations to a standard fish length is useful in EEM 

and other types of monitoring programs to track trends and to make statistically robust 

comparisons between fish species, between water bodies, and over time, it is generally not 

appropriate for HHRA and was not conducted in the final baseline HHRA.  

 

Appendix E provides a discussion on the topic of normalizing fish THg concentrations to 

standard fish lengths and the appropriateness of this for HHRA purposes. This discussion 

includes a brief review of a study conducted during the EA period that attempted to generate 

statistical relationships between fish THg concentrations and fish length for several species in 

LCHGP study area water bodies. 

 

While the fish THg concentration data from the baseline aquatic EEM program (and previous 

baseline fish data collection programs) were not normalized to standard lengths for the 

assessed species, fish size was still considered in the HHRA. A basic assumption was that any 

fish for which THg concentration data were collected during these monitoring programs, 

represents fish that could potentially be consumed by people within the LCHGP study area, 

unless the fish captured in the monitoring programs were under or over provincially stipulated 

size limits. The 2016 DFO Angler’s Guide for NL (Fisheries and Oceans Canada, 2016) was 

reviewed to determine if any of the fish captured in the monitoring programs were under or 

over a regulated size limit. From this review, it was concluded that all fish captured in baseline 
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monitoring programs to date, for the assessed species, were of a size that is representative of 

what people could harvest and consume, and would be generally allowed to harvest. However, 

the Angler’s Guide only stipulates size limits for a few species. For example, the Guide requires 

salmon <30 cm (300 mm) and ouananiche <20 cm (200 mm) to be returned to water. All 

captured salmon and ouananiche to date were in allowable size ranges, and therefore no 

individual fish muscle samples for these species were excluded from consideration due to the 

fish being under legal size limits. Lake trout was an exception. The Guide states a minimum size 

of 60 cm (600 mm) for lake trout in the Churchill River drainage basin watershed, wherein any 

fish <600 mm is supposed to be returned to water. However, all currently available lake trout 

THg concentration data (which is limited to 10 samples) were obtained from fish that were 

<600 mm. Thus, in order to be able to assess lake trout in the HHRA (given that lake trout were 

identified by DS participants as a species they periodically harvest and consume), all lake trout 

captured in the monitoring programs to date were considered consumable even though none 

were of legal size according to the Guide. Anecdotally, it is common that lake trout, being a 

somewhat difficult species to harvest, are often consumed regardless of fish size. None of the 

other assessed fish species have size restrictions noted within the Guide. 

2.4.2 Calculation of Exposure Point Concentrations (EPCs) 

HHRAs that evaluate country and market basket food consumption do not generally assume 

that maximum COPC concentrations represent typical or expected exposure. As shown in the 

preceding sections and in Appendix D, THg concentrations in the assessed country and market 

basket food items show a high degree of variability, which suggests it is not reasonable to 

assume a maximum or even an upper bound concentration represents typical or expected 

exposure. HHRAs commonly estimate EPCs for chemicals in the media of interest that reflect 

the variability and dispersion in the data, and that also provide an upper estimate of central 

tendency within the data.  

 

It is widely recognized in numerous North American regulatory jurisdictions that the most 

appropriate statistic for an EPC in a HHRA is the upper 95% confidence limit on the arithmetic 

mean (UCLM95). The UCLM95 is sometimes termed the "true mean", or "the concentration 

most likely to be contacted over time". While the UCLM95 is the most common statistic used 

to represent EPCs in HHRAs, it not always possible or appropriate that ULCM95 concentrations 

be used as the EPCs. In some cases, it is not possible to calculate a valid UCLM95 due to such 

reasons as small sample sizes, a large number of non-detectable concentrations, or not having 

access to the raw sample chemical concentration data (which can occur when literature or 

surrogate data need to be evaluated in a HHRA). In such cases, other statistics (such as maxima, 

upper percentiles, geometric means) are selected as the EPCs. The choice of an alternate EPC 

statistic to the UCLM95 is typically based on such considerations as data availability and access 

(e.g., are the raw sample chemistry data available to review or are only summary statistics 

reported?), the data distribution type, the difference between maximum and central tendency 
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values, the dispersion in the data, the magnitude of other summary statistics calculated from 

the dataset (e.g., median, mean, range, upper percentiles etc.), and professional judgment.  

 

In any HHRA, it is important to ensure that calculated UCLM95 values which are to be used as 

EPCs, are accurate and statistically robust. To achieve this, UCLM95 EPCs for THg were 

calculated using the U.S. EPA computer program, ProUCL™ Version 5.1. This software was 

developed by statisticians within the U.S. EPA and has undergone detailed agency and external 

reviews and numerous updates and refinements over the past decade or more. This software is 

recognized around the world as the most robust and defensible means by which UCLM95 EPCs 

can be calculated. The U.S. EPA strongly recommends the use of ProUCL when calculating EPCs 

for use in HHRAs. The ProUCL software determines the most appropriate UCLM95 value for a 

dataset, given its distribution and characteristics. A number of statistically valid methods to 

calculate a UCLM95 can be run simultaneously, with the program recommending the most 

appropriate or statistically robust value(s) to select. However, according to its user guidance, 

ProUCL can only determine robust and reliable UCLM95 values if the sample size is at least 

eight (8). For most of the food items assessed in the HHRA, sample sizes for THg concentrations 

were much larger than this (See Appendix D), such that it was possible to calculate adequately 

robust UCLM95 EPCs with a high degree of confidence. 

 

In calculating the UCLM95 EPCs for THg in food items, the following tasks/conditions were 

conducted/applied, all of which tend to bias the UCLM95 EPCs high: 

 

 For food item samples with corresponding laboratory or field duplicates, the higher 

concentrations out of the original and duplicate samples were retained. 

 For any food item samples with analytical results for THg below the laboratory 

reported detection limits (i.e., <RDLs), the <RDL values were assumed to equal the RDL. 

 Where possible, data quality with respect to food item THg concentrations was verified 

prior to calculating UCLM95 EPCs. As noted earlier herein, for all data sources used in 

the HHRA that provided data QA/QC information, the laboratory QA/QC certificates 

and QA performance measure outcomes were reviewed. From these reviews, it was 

verified that the food item chemistry data assessed in the HHRA were of adequate 

quality for HHRA purposes. No data quality issues were identified with respect to any 

of the food item chemistry data that would preclude or limit the use of these data in a 

HHRA study, including the calculation of EPCs. 

 As the measured THg concentrations in food items represent potential concentrations 

that human receptors could be exposed to, no attempt was made to conduct statistical 

outlier tests to remove extreme values (high or low) from the food item chemistry 

datasets. Thus, EPC calculations for THg included the presence of potential extreme 

values. 
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 As the calculated options for a UCLM95 generated by ProUCL 5.1 can vary considerably 

(as a function of the underlying assumptions in the statistical models, and the data 

distribution type), some degree of professional judgment is typically necessary when 

selecting the most appropriate UCLM95 value for use as the EPC. Key considerations 

include the data distribution type, the significance level associated with the UCLM95 

calculation methods (i.e., ProUCL-recommended values are not always at the 95% 

significance level), any warnings generated by the ProUCL 5.1 software, and the 

magnitude of the calculated UCLM95 options. 

 

UCLM95 EPCs for selected assessed food items are presented in Appendices B and D, and are 

also reiterated in Appendix C. The specific type of UCLM95 value recommended by ProUCL is 

also presented within Appendices B and D. ProUCL 5.1 statistical output for the food items 

where UCLM95 values were used as the EPCs, is provided in Appendix D.  

 

UCLM95 EPCs represent the upper central tendency for food item THg concentrations and are 

conservative estimates of potential exposure (e.g., UCLM95 values for THg in the assessed fish 

muscle tissue samples are within the 75th to 80th percentile range; UCLM95 THg concentrations 

in seal meat and liver are within the 90th to 95th percentile range; UCLM95 THg concentrations 

in wild bird eggs are within the 80th to 90th percentile range; Appendix D).  

 

As presented in Appendix B, geometric mean (geomean) rather than UCLM95 THg 

concentrations were used as the EPCs for surrogate game meat and organ, and market basket 

seafood and meat/organ THg data. UCLM95s could not be estimated for these food items as 

the literature sources of these data did not report the full datasets of THg concentrations (no 

individual sample results were reported in these literature sources), and generally only 

reported arithmetic mean or geomean THg concentration values. Thus, the geomean-based 

THg EPCs assessed in the HHRA for surrogate game meat and organ data, and market basket 

seafood and meat/organ THg data are geomeans of combined arithmetic means, geomeans 

and weighted averages that were reported by the literature sources of these data. It is well 

established that geomeans are more robust estimates of "global averages" than arithmetic 

means. A geomean is generally regarded as often being a more true estimate of central 

tendency than the arithmetic mean, which is more prone to being skewed by extreme values 

and is more sensitive to the presence of extreme values. In a geomean calculation, there is 

some normalization of the data being averaged so that no one dataset or data point dominates 

more than the others. This is important when combining means from various different studies 

and locations. Geomeans have a long history of use in HHRA (and ecological risk assessment) 

programs for determining central tendency uptake factors and concentrations in various media 

(including foods and biota), and also in regulatory toxicity based guideline derivation 

approaches for both environmental media and biota tissues. Geomeans are also commonly 

used to provide central tendency measures for a variety of environmental parameters (in 
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numerous environmental modelling studies), and have been widely used for decades when 

estimating central tendency data for numerous toxicological and ecotoxicological parameters. 

2.4.3 Apportioning of Food Item THg Concentrations into MeHg and Inorganic Hg 
Concentrations 

As previously noted in Section 2.3.2, the two COPCs selected for evaluation in the final 

baseline HHRA are MeHg and inorganic Hg. It was also previously noted in Section 2.3.2 that it 

is important that both of these forms of Hg be assessed as many country food and store-

bought food items contain a combination of MeHg and inorganic Hg species in varying relative 

proportions. 

 

However, only THg was analyzed for in the majority of study area country food item samples. 

Also, only THg concentrations were generally reported in the literature sources that were 

consulted for surrogate Hg data in wild bird and mammal game meat and organs, and for Hg 

concentration data in the store-bought (market basket) food items that were assessed in the 

HHRA. Thus, for HHRA purposes, it was necessary to apportion (or speciate) the THg 

concentrations in the assessed country and store-bought food items into the proportion of THg 

that is likely MeHg and the proportion of THg that is likely inorganic Hg. The apportioning of 

THg was based on Hg speciation information presented in a number of literature sources, 

which are cited in Appendix B, and included: Health Canada, 2007; EFSA, 2012a; 2015; U.S. EPA 

MRC, 1997; Wiener et al., 2003; Burger and Elbin, 2015; Scheuhammer et al., 2001; Evers et al., 

2005; Fimreite et al., 1974; Gamberg et al., 2015; 2010; CACAR, 2012; Laird and Chan, 2013; 

Cappon and Smith, 1981; Schuster et al., 2011; Wagemann et al., 1997; 1998; 2000; Dietz et al., 

1990; Lemire et al., 2015; Eaton et al., 1980; Dehn et al., 2005; Smith and Armstrong, 1978).  

 

Where literature data on the MeHg (or inorganic Hg) proportion of THg was limited or 

equivocal for certain food items (which was a common occurrence, as there is a general lack of 

reliable quantitative data on the MeHg and inorganic Hg proportions of THg in food items 

other than fish and shellfish at this time in the scientific literature), the HHRA erred on the side 

of caution and made conservative assumptions that intentionally overestimated the likely 

MeHg content of THg in such food items. Such assumptions were made as it is well known that 

MeHg is more bioavailable and more toxic to humans than inorganic Hg compounds (e.g., 

ATSDR, 1999; 2013; EFSA, 2012a,b; WHO, 2003; 2010; U.S. EPA MRC, 1997b).  

 

Details and rationale for the assumed MeHg and inorganic Hg proportions of THg in the 

assessed country food and store bought food items are provided in Appendix B. 

 

While it has been commonly assumed in many international Hg intake assessments (including 

those conducted by WHO, EFSA and dozens of individual country health regulatory authorities 

and agencies), and in numerous HHRAs of Hg and MeHg in the literature, that foods other than 

fish and shellfish contain 100% inorganic Hg, there is both old and newer evidence which 
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suggests that this assumption is not accurate. This is not a new finding as WHO (1976) had 

indicated that MeHg was a predominant Hg species in many foods other than fish and shellfish. 

Many studies and reviews conducted since that time, including those cited above in this 

subsection, have also reported varying but significant proportions of MeHg in many non-fish 

foods of both animal and plant origin, including terrestrial livestock and game animal organ 

meats. While the level of uncertainty regarding the proportion of THg that is MeHg in non-fish 

food items remains high, use of the noted literature enables a more accurate and realistic 

assessment relative to assuming that all of the THg present in non-fish food items is 100% 

inorganic Hg. There is a growing body of evidence that clearly shows this is not the case. 

Should further data on the MeHg content of assessed country and/or store-bought food items 

become available in the future that could potentially enable refinement of the THg speciation 

assumptions that were made in the HHRA, then such assumptions can be revisited at that time.  

 

For fish and other vertebrate aquatic organisms (seals, for example), it is commonly assumed 

that all of the THg present in the muscle tissue is 100% MeHg (e.g., Health Canada, 2007; EFSA, 

2012a; Bloom, 1992; Grieb et al., 1990; Wagemann et al., 1997; 1998; 2000; Dietz et al., 1990; 

Lemire et al., 2015; Eaton et al., 1980; Dehn et al., 2005; Smith and Armstrong, 1978). This 

assumption was conservatively applied in the final baseline HHRA. Fish muscle MeHg 

concentration data from the aquatic EEM program (N=13 at this time) indicates that the THg 

present in these 13 individual fish (2 white sucker, 6 northern pike, 4 brook trout and 1 Atlantic 

salmon) is likely entirely comprised of MeHg. The measured MeHg concentrations in these fish 

muscle samples were higher than the THg concentrations. While this may reflect analytical 

measurement error due to different laboratories conducting the THg and MeHg analyses (and 

differing analytical methods), these data also suggest that the THg in these fish is most likely 

dominated by the MeHg form. 

While assuming all of the THg in fish muscle tissue is MeHg is a common and conservative 

assumption for HHRA purposes, it is not necessarily an accurate assumption. The MeHg 

proportion of THg can vary substantially in fish depending on such factors as species, trophic 

level/position, feeding ecology, and the various complex factors and conditions that influence 

MeHg formation and accumulation within a given water body or aquatic ecosystem (See 

Section 2.3.2.1). While many studies have reported that nearly 100% of the THg in fish is 

indeed present as MeHg in numerous species, others report highly varying MeHg proportions 

in dozens of freshwater and marine fish species, ranging from as low as 4% to 100% MeHg or 

higher (>100% MeHg proportions can occur as a function of different analytical methods being 

used to determine THg and MeHg) (e.g., Health Canada, 2007; CFIA, 2003; Forsyth et al., 2004; 

Yamashita et al., 2005; U.S. EPA, 2001; 2010; Stantec, 2015; EFSA, 2012a). Similar observations 

apply to various freshwater and marine shellfish species which also have highly variable MeHg 

proportions of THg (e.g., range of means was 14% to 98% MeHg for various edible shellfish 

species as reported in EFSA, 2012a). 
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2.4.4 Exposure Calculations and Equations 

In the final baseline HHRA, COPC exposure estimation and calculation was facilitated through 

the use of an integrated multi-pathway risk assessment spreadsheet model developed 

specifically for the HHRA. Such models are the standard for most HHRAs conducted in North 

America and elsewhere. The model incorporates current HHRA best practices, regulatory 

guidance and scientific literature that pertain to the assessment of MeHg and inorganic Hg. The 

model was designed to be able to easily integrate more advanced statistical and probabilistic 

techniques as well, should such refinements be deemed necessary and/or appropriate. 

 

Details regarding the data, parameters, assumptions, and methods used to estimate exposures 

of human receptors to MeHg and inorganic Hg via the various exposure pathways, routes and 

scenarios considered in this HHRA, are provided in Appendices B and C. A worked example of 

exposure and risk calculations is provided in Appendix C.  

 

The HHRA also included uncertainty and sensitivity analysis to identify the exposure pathways 

with the greatest relative contribution to total COPC exposure (presented in Appendix B), as 

well as those with the greatest underlying uncertainty (a discussion of key uncertainties, 

limitations and conservative assumptions within the HHRA is provided in Section 4.0). Such 

information is often important for decision-making related to the need for, and possible 

effectiveness of, potential risk management measures. 

 

The general equation used for calculating human receptor exposure to MeHg and inorganic Hg, 

via the ingestion of the assessed country food and store-bought food items, was as follows. 

This equation is based on that which is provided within Health Canada (2010a).  

 

EXPFOOD = [CR x CF x CFOOD x PHg x RAFORAL x MLF] / BW 

 

Where: 

EXPFOOD  = MeHg or inorganic Hg exposure via the consumption of the assessed 
 country and store-bought food items (mg/kg body weight/day). 

CR = Consumption rate (kg ww of food eaten per serving (per day)). 

CF = Consumption frequency (unitless expression of days per year when 
 consumption of a given food item occurs - i.e., 12 days 
 consumed/365 days per year=0.033). For some food items assessed 
 in the HHRA (such as store-bought seafood and meat products, the 
 CF term was incorporated into the CR term instead of being applied 
 as a separate term in the equation. 

CFOOD = Concentration of MeHg or inorganic Hg in the assessed country and 
 store-bought food items (mg/kg ww); EPCs (as previously discussed 
 in Section 2.4.2) were used as the CFOOD terms. 
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PHg = Proportion of MeHg or inorganic Hg (within THg) in the assessed 
 country and store-bought food items (unitless factor). 

RAFORAL = Oral relative absorption factor (unitless). Described further in 
 Section 2.5.1.2. 

MLF = Mass Loss Factor (unitless). Described further in Section 2.4.5.  

BW = Human receptor body weight (kg).  

ww = wet weight. 

 

In order to estimate MeHg exposures to the developing fetus (via placental transfer of MeHg in 

maternal blood) and to the nursing infant (via breast milk ingestion) receptors, it was necessary 

to convert the received maternal doses of MeHg (in mg/kg body weight/day) to maternal blood 

MeHg concentrations. Maternal doses, maternal blood MeHg concentrations and maternal 

breast milk concentrations were estimated for both female adult and adolescent (teen) 

receptors for each LCHGP study area community.  

 

The equation used to convert MeHg doses to blood MeHg concentrations is the one 

compartment toxicokinetic model for MeHg originally developed by the World Health 

Organization (WHO) and described in: U.S. EPA (2001); WHO (2004); EFSA (2012a); NRC (2000); 

and, Legrand et al., (2010).  

 

This model takes the following form when expressed as a dose calculation. 

 

 

 

 

When expressed to calculate blood MeHg concentration, the model takes the following form. 

 

 

 

Where: 

d   =  Daily dietary intake expressed as a dose (µg THg or MeHg/kg BW/day). 

c   =  Blood THg or MeHg concentration (µg/L). 

b   =  Elimination constant; 0.014 d-1 (from WHO, 2004; calculated as ln(2) / average half  

    life in blood of 50 days; while most estimates of MeHg whole body half life range  

    from 70 to 80 days, ~2 months or 50 days is often cited as a typical half life for MeHg 

    in blood and in the more highly perfused human tissues). 

V   =  Blood volume in body (L); calculated as 0.09 (9%) x BW for pregnant females as per 

   WHO (2004); for all other receptors, calculated as 0.075 (7.5%) x BW (as per:    

   http://www.hematology.org/Patients/Basics/). 

d = c x b x V  

 A x f x BW 

c = d x A x f x BW 

      b x V 
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A   =  Gastrointestinal absorption factor (unitless); 0.95 as per WHO (2004) and EFSA   

    (2012a). 

f   =  Fraction of daily dietary intake taken up by blood (unitless); 0.05 as per WHO (2004). 

BW  =  body weight (kg). 

 

The one compartment toxicokinetic model has strong regulatory precedent in that it has been 

used by the U.S. EPA to derive their oral RfD and to develop their human health-based water 

quality criterion for MeHg. This model has also been used previously by ATSDR, WHO, EFSA 

and Health Canada in a number of MeHg human health programs, in the derivation of human 

health-based TRVs for MeHg, and in the derivation of blood and hair threshold values for 

MeHg and THg. This model has also been demonstrated to show a reasonably good fit to 

measured blood MeHg data in human subjects, both during and after consumption of fish that 

contain MeHg (U.S. EPA, 2001; Ginsberg and Toal, 2000). 

 

It must be recognized however, that the one compartment toxicokinetic model does not apply 

to inorganic Hg, given its different absorption, metabolism and elimination kinetics, relative to 

MeHg. Thus, while the model is often labeled as a THg model in some literature and regulatory 

agency documentation, it is only applicable to MeHg. 

 

Following the use of the one compartment toxicokinetic model to determine human blood 

MeHg concentrations (from the calculated MeHg doses for the assessed human receptors), the 

estimated blood MeHg concentrations were then used to predict the following: 

 

 Human hair MeHg concentrations. For the assessed human receptors (with the 

exception of the infant and fetus), the estimated blood MeHg concentrations 

(expressed as µg MeHg/L) were converted to hair MeHg concentrations (expressed as 

mg MeHg/kg hair) using a hair-to-blood MeHg ratio of 250 (WHO, 2004; EFSA, 2012a, 

Legrand et al., 2010; U.S. EPA, 2001). It is noted that the ratio which relates blood 

MeHg levels to hair MeHg levels can vary considerably as a function of diet, age, 

gender, hair growth rate, hair type, pre-existing metabolic conditions, and the timing 

of blood and hair sampling relative to the incurred exposure (Legrand et al., 2010; 

WHO, 2004; EFSA, 2012a). This ratio, which is determined from numerous human 

epidemiological studies that measured both blood and hair MeHg or THg 

concentrations, has been reported to vary from 140 to 370, when expressed as median 

or mean ratio values (WHO, 2004; EFSA, 2012a), and varies even more when the full 

range of this ratio (as reported across epidemiology studies) is considered (i.e., 67 to 

932)(EFSA, 2012a). However, despite the high inter-study and inter-individual variation 

that has been observed, a ratio of 250 (which is a mean blood to hair ratio) is, by far, 

the most commonly cited, recommended, and utilized ratio by regulatory agencies 

around the world for the purposes of HHRA, guideline/benchmark development and 
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burden of disease estimation. Health Canada also currently considers that the most 

appropriate hair to blood ratio is 250:1 (Legrand et al., 2010). Previously, Health 

Canada had used a ratio of 300 to convert blood MeHg concentrations to hair MeHg 

concentrations. The conversion calculation is expressed as follows:  

 

[µg/L x 250 x 1 L/1 kg x 1 mg/1000 µg = mg/kg]. 

 

The predicted hair concentrations were calculated in order to compare against the 

measured THg hair concentrations from the baseline HBP. Given that there are well 

established relationships between external MeHg exposures (or doses) and blood 

MeHg concentrations, and between blood MeHg concentrations and hair MeHg 

concentrations, the predicted hair concentrations (from the estimated doses) enable a 

determination of the degree of conservatism and uncertainty in the HHRA. By 

comparing predicted against measured baseline hair Hg concentrations, it is possible to 

gain some information regarding the likely extent to which MeHg exposures and risks 

were overestimated in the HHRA, and the degree of agreement or similarity between 

predicted versus measured hair Hg concentrations.  

 

 Fetal blood MeHg concentrations. Predicted pregnant female teen and pregnant 

female adult blood MeHg concentrations (expressed as µg MeHg/L) were multiplied by 

a unitless literature-based maternal blood to fetal cord blood ratio (i.e., 1.7, which is a 

central tendency value based on studies summarized in WHO, 1990; ATSDR, 1999; 

WHO, 2010; EFSA, 2012a,b; and, Sakamoto et al., 2002;2012) to estimate fetal blood 

concentrations. This calculation approximates the amount of MeHg that may be 

transferred from maternal blood, via the placenta and umbilical cord, to the 

developing fetus. The estimated fetal blood MeHg concentrations were not 

subsequently converted into estimated fetal doses or fetal hair concentrations. This is 

due to the current lack of reliable or validated data on fetal MeHg elimination rates, 

fetal blood volumes, and the fetal absorption efficiency of MeHg. Also, fetal body 

weights and blood volumes are known to change rapidly as the fetus develops and 

there is no known way to account for these changes when modelling fetal chemical 

exposures. Also, the blood to hair conversion factor of 250 is not validated for fetal 

hair, of which there can often be very little in any event. Even when/if fetal hair is 

present, there is little known about hair properties and hair growth rates in the 

developing fetus and whether or not they differ significantly relative to infants, young 

children and older life stages. Overall, any attempt to estimate fetal MeHg exposures 

beyond predicted fetal blood MeHg concentrations would have such a high degree of 

uncertainty that there would be essentially no confidence in fetal exposure estimates 

expressed as a dose or a tissue concentration (including hair).  
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 Maternal breast milk MeHg concentrations. Predicted female teen and female adult 

blood MeHg concentrations (expressed as µg MeHg/L) were multiplied by a unitless 

literature-based maternal blood to breast milk transfer factor of 0.27 to estimate 

human breast milk concentrations (expressed as mg/L; a factor of 1000 µg/1 mg was 

also applied in order to express breast milk MeHg concentrations in units of mg/L). This 

value (0.27) was assumed based on the average transfer ratio reported by Oskarsson 

et al., (1996) in a study of 30 lactating Swedish women, and review of several other 

studies reported in ATSDR (2013), WHO (2000) and U.S. EPA MRC (1997). A value of 

27% of MeHg transfer from maternal blood to human breast milk is the highest 

reported transfer factor identified for humans. This calculation approximates the 

amount of MeHg that may be transferred from maternal blood into maternal breast 

milk. Predicted blood MeHg concentrations for the non-pregnant female teen and 

female adult were conservatively used over those for the pregnant teen and adult. 

Blood MeHg concentrations in non-pregnant teen and adult receptors are higher than 

those for the pregnant teen and adult receptors due to a higher body weight and 

higher blood volume during pregnancy, which dilutes MeHg blood concentrations to 

some degree. 

 

Following the estimation of maternal breast milk MeHg concentrations, infant MeHg exposures 

were calculated as follows. 

 

EXPBM = [IRBM x CBM x RAFORAL]/BW 

Where: 

EXPBM  = MeHg exposure via the consumption of breast milk (mg/kg body 
 weight/day). 

IRBM = Breast milk ingestion rate (L/day). 

CBM = Concentration of MeHg in breast milk (mg/L). 

RAFORAL = Oral relative absorption factor (unitless; assumed to equal 1.0 in 
 breast milk). Described further in Section 2.5.1.2. 

BW = Infant body weight (kg). BW changes (increases) quickly from early 
 infancy to the end of the infant period. However, there is no current 
 regulatory guidance or scientific literature that addresses how to 
 reliably and accurately assess chemical exposures over the full 
 duration of the infancy period where growth (body weight gain) 
 occurs rapidly but can also be highly variable. The selected BW of 
 4.05 kg is 1/2 the infant body weight of 8.1 kg recommended by 
 Richardson and Stantec (2013) and which represents an infant near 
 the end of its first year. This assumption is believed to reasonably 
 and conservatively capture potential exposures to younger and 
 smaller breast-feeding infants. 
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It was conservatively assumed for HHRA purposes that all infants residing in LCHGP study area 

communities are entirely breast-fed, rather than formula-fed, in their first year of life. Infant 

formula consumption was excluded as an exposure pathway of interest in Section 2.3.3.1. This 

assumption is highly conservative as rates of breast-feeding are not likely to be 100% within 

the LCHGP study area communities. For example, Statistics Canada (2013) reported that only 

15% of Newfoundland and Labrador women breast-fed their infants exclusively for six months. 

Based on statistics for breast-feeding rates at neonatal screening centres in the Labrador-

Grenfell regional health authority area, up to 73% of the subjects indicated breast-feeding their 

infants (PPNL, 2014).  

 

It is recognized that the assessment of breast milk ingestion by infants is an exposure pathway 

that is not commonly addressed in most HHRAs that evaluate MeHg or THg. The rationale for 

exclusion of this pathway is often uncertainty regarding the amount of MeHg that may transfer 

from maternal blood to breast milk, and uncertainty regarding MeHg toxicokinetics in human 

infants. However, since it is well established that infants are among the most sensitive human 

receptors to the effects of MeHg, and a number of regulatory agencies have expressed concern 

that breast milk ingestion by infants may be a significant exposure pathway to MeHg (e.g., U.S. 

EPA MRC, 1997a; ATSDR, 1999; 2013; WHO, 2008), it was considered important that this 

exposure pathway be assessed in the final baseline HHRA, even if the degree of uncertainty 

associated with its evaluation is large.  

 

A number of approaches to assessing and modelling this exposure pathway were researched. 

Based on a review of the papers and guidance that were identified, the most appropriate 

approach at this time was considered to be that which is described above. Among the 

approaches considered were physiologically-based-pharmacokinetic (PBPK) models. While a 

few PBPK models were identified that can estimate MeHg partitioning/transfer from maternal 

tissues and fluids to the nursing infant, and also the fetus in some models (summarized in 

ATSDR, 1999; NRC, 2000; U.S. EPA, 2001; and, Byczowski and Lipscomb, 2001), there is no 

evidence of any such models having been applied in HHRAs that evaluate MeHg in relation to 

hydroelectric generation projects, nor is there evidence that such PBPK models have been 

validated by regulatory authorities for use in any HHRA of MeHg. The identified existing PBPK 

models for MeHg have a number of limitations or omissions that tend to preclude their 

application in HHRA (summarized in Byczowski and Lipscomb, 2001 and U.S. EPA, 2001). For 

example, none of the available PBPK models are adequate for assessing young children (also 

among the most vulnerable age classes with respect to MeHg neurodevelopmental effects), 

and infant and child-specific toxicokinetic and physiological data are not well established, 

which leads to high uncertainty and low confidence in these PBPK models. Only one PBPK 

model appears to have undergone validation against actual measured tissue and biological 

fluid concentrations in humans that were exposed via environmentally relevant routes of 

exposure (i.e., Byczowski and Lipscomb, 2001). However, even with this model, there is no 
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evidence of validation or acceptance by regulatory agencies. Also, this particular PBPK model is 

not able to be coded readily into the spreadsheet based models that are typically used in 

HHRAs and none of the source code appears to be available online in any sort of downloadable 

format or commercially available form. Furthermore, this model, despite claims it was 

validated, still relies on assumed rather than empirical values for many physiological 

parameters. This increases uncertainty considerably. Thus, while it appears that this model was 

validated to some degree against human data, validation has not occurred in relation to the 

accuracy of a number of physiological assumptions and default parameters. 

 

In general, it is very rare for PBPK models to be applied in HHRAs of industrial projects, in part 

because of their lack of validation and regulatory acceptance, but also because of the 

underlying uncertainty regarding the toxicokinetic and physiological input data that are 

required to run these models (as such data is often not readily available, and can be highly 

variable when it is available). This leads to high uncertainty associated with the 

representativeness of these models. Thus, PBPK models (other than the one compartment 

toxicokinetic model noted above, which has been validated to a reasonable degree and has 

extensive regulatory precedent for its use), were not applied in the current HHRA.  

 

It is acknowledged that other breast milk exposure models exist in the regulatory and scientific 

literature, that were developed for the assessment of lipophilic chlorinated organic chemicals 

(e.g., PCBs, dioxins and furans). Such models however, cannot be applied to MeHg. While 

MeHg is somewhat lipophilic, its partitioning to breast milk is governed more by its affinity for 

thiol groups in proteins than it is by its affinity for lipids.  

 

If there is a future need to refine the current HHRA with respect to estimates of infant and 

fetal MeHg exposures and risks, PBPK or other advanced models could potentially be 

considered at that time. However, more reliable data could likely be gathered through 

additional human biomonitoring programs (if deemed necessary) that could collect data on 

measured MeHg or THg levels in breast milk and/or cord blood within the LCHGP study area 

communities. Such data collection could be coordinated by family physicians and potentially 

Labrador Grenfell Health.  

 

Further details regarding exposure calculations and exposure parameters, including a worked 

example, are provided in Appendices B and C. 

  

CIMFP Exhibit P-00271 - Appendix O - 44 Page 123



 
Final Baseline HHRA 
October 2016 –12-6331-7000 

110 

 

2.4.5 Adjustments to Country Food Item Exposure Estimates Due to Food Preparation and 
Cooking Processes 

While market basket (store-bought) foods in TDS programs are analyzed “as consumed”, which 

means that some degree of preparation, processing and cooking has occurred prior to chemical 

analysis of the food item, the available THg chemistry data for the country food items assessed 

in the HHRA (i.e., fish, seal, game birds and mammals) are based on the analysis of raw food 

items that are not processed, prepared or cooked prior to their analysis. Baseline DS outcomes 

however, clearly indicated that all country food items consumed within the LCHGP study area 

are prepared and cooked in some manner before consumption occurs. Thus, in the HHRA, it 

was necessary to consider adjusting the raw country food item THg concentrations to better 

align with the cooked market basket food item THg concentration data obtained from 

Canadian and U.S. TDS documentation.  

 

It is frequently reported that THg (and MeHg) levels in country food meats do not reduce 

significantly with preparation and cooking methods, because the Hg is bound tightly to 

cysteine-rich proteins in muscle tissue. As such, in many HHRAs or other evaluations of Hg 

exposure from fish consumption, as well as national scale dietary intake assessments of 

chemical contaminants, raw food chemical concentrations are often considered an overall 

reasonable approximation of the concentrations that would occur in cooked foods (e.g., Health 

Canada, 2007; EFSA, 2012a; Mieiro et al., 2016).  

 

However, it is well known that during the cooking of any meat or seafood item, there is an 

overall reduction in tissue mass (from moisture and fat loss primarily) that results in higher THg 

and MeHg concentrations in cooked food items relative to THg and MeHg concentrations in 

raw food items. While some regulatory agency documents suggest this change is not significant, 

available studies in the literature suggest that THg concentrations in cooked fish and seal 

meats can be up to 100% higher than the THg concentrations that occur in raw fish and seal 

meats (e.g., Morgan et al., 1997; Burger et al., 2003; Moses et al., 2009; Torres-Escribano et al., 

2010; Costa et al., 2015), although most of these studies showed THg or MeHg concentration 

increases from cooking that were primarily in the 20% to 40% range. There is some conflicting 

information in the literature though. For example, Mieiro et al., (2016) recently reported that 

THg and MeHg concentrations in fish can be reduced via various cooking methods. 

 

Nonetheless, potential increases in THg and MeHg concentrations due to cooking are 

representative of the “as consumed” form of country food items and are not considered 

insignificant in the current HHRA. Furthermore, given that the assessment of market basket 

(store-bought) foods in the HHRA was based on THg concentrations in cooked foods, and given 

that market basket foods are a major source of THg and MeHg exposure in virtually all human 

populations, it is appropriate to adjust raw country food item THg concentrations so that they 

better equate to expected THg concentrations when such food items are cooked.  
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The above noted studies (i.e., Morgan et al., 1997; Burger et al., 2003; Moses et al., 2009; 

Torres-Escribano et al., 2010; Costa et al., 2015) documented increased THg and MeHg 

concentrations (expressed as mg/kg ww) in cooked fish meat (including: walleye, bass, sheefish, 

lake trout, Atlantic salmon, swordfish, shark, bonita, tuna), and seal meat and seal organs 

(spotted seal), relative to THg and MeHg concentrations in raw meat and organs, due to 

moisture and fat loss during the various cooking processes that were evaluated. These studies 

all used a “before and after” approach where both raw and cooked THg or MeHg 

concentrations were determined in the same meat or organ samples.  

 

As the baseline DS showed that the most common fish and seal cooking methods within the 

LCHGP study area communities were frying, boiling, and baking, data from the above noted 

studies that demonstrated increases in fish and seal meat THg and MeHg levels after frying, 

boiling, baking/roasting, grilling and smoking, were used to estimate a “mass loss factor” that 

was applied to the calculated country food EPCs for fish, seal, wild bird eggs, and game bird 

and mammal meats and organs, all of which were based on raw THg concentrations (mg/kg 

ww). While the noted studies also evaluated the effect of drying of fish meat on THg and MeHg 

concentrations (which more than doubled relative to raw fish THg or MeHg concentrations 

with this preparation/cooking method), drying was not a commonly reported cooking/ 

preparation method among DS participants and therefore, the increase factors from drying are 

not considered herein. The mass loss factors (which can also be considered as THg/MeHg 

increase factors) for fish and seal meat and organs from these studies ranged from 

approximately 1.1 to 2-fold across the considered cooking methods, with most increase factors 

falling within the 1.3 to 1.4 range.  

 

Given the inherent uncertainty and variability in the available data from these studies, a 

reasonably conservative upper end mass loss factor of 1.5 was selected and applied to 

(multiplied against) all THg EPCs calculated for fish, seal, wild bird eggs, and wild bird and 

mammal game meats and organs in order to equate the “raw” THg EPCs for these country food 

items to the EPCs calculated for cooked market basket food items. Although no data were 

identified on the effect of cooking practices on THg or MeHg concentrations in bird and 

mammal game meats or organs, or wild bird eggs, similar increases as observed in fish and seal 

meat and organs would be anticipated, as game animal meats and wild bird eggs would also 

incur moisture and/or fat losses during cooking. 

  

Moses et al., (2009) and Costa et al., (2015) noted that while THg and MeHg concentrations 

increased in cooked relative to raw fish and seal meat and organs, the proportion of THg that is 

MeHg did not generally change significantly with cooking practices. While Costa et al., (2015) 

noted an apparent reduction in MeHg proportion with cooking, the measured MeHg 

concentrations in the cooked samples were within the range of natural variability for raw meat 

samples, for the species tested.  

CIMFP Exhibit P-00271 - Appendix O - 44 Page 125



 
Final Baseline HHRA 
October 2016 –12-6331-7000 

112 

 

While there are also studies which suggest that the cooking of meat and seafood products 

reduces THg and MeHg bioaccessibility, relative to raw meats and organs, and that some of the 

MeHg present in these food items may in fact be degraded or reduced by certain cooking 

practices, such studies are relatively limited in the literature at this time, and there is not yet 

consensus on their implications for human Hg exposure and risk. Thus, the HHRA does not 

attempt to apply the findings of these studies in any quantitative manner. The studies which 

pertain to THg/MeHg bioaccessibility changes during cooking are briefly described in Section 

2.5.1 and will be addressed in greater detail in a separate consumption advisory/advice 

protocol, which will be prepared under separate cover from the final baseline HHRA. 

2.5 Hazard (Toxicity) Assessment 

Toxicity is the potential for a chemical agent to produce any type of damage, permanent or 

temporary, to the structure or function of any part of an organism. The toxicity of a chemical 

depends on the amount that is taken into the organism (referred to as the “dose”) and the 

duration of exposure (i.e., the length of time the person or other organism is exposed to the 

chemical). For every chemical, there is a specific dose and duration of exposure necessary to 

produce a toxic effect in an organism (this is referred to as the “dose-response relationship” of 

a chemical). The potential for toxicity to occur as a result of chemical exposure is based on the 

dose response concept, which is fundamental to the responses of biological systems to all 

chemicals, whether they are therapeutic drugs, naturally occurring substances, or 

anthropogenic chemicals in the environment (i.e., “the dose makes the poison”; this means 

that the potential for adverse effects in a given individual increases with increasing chemical 

concentrations in critical target tissues). The concentrations of chemicals in the target tissues 

(i.e., the delivered dose) are determined by the degree of exposure of an individual to foods 

and environmental media that contain the chemicals of interest. Thus, “the exposure makes 

the dose”, and, “the dose makes the poison”. The dose-response concept is central to the 

HHRA methodology. 

 

In the toxicity assessment step of a HHRA, information relating to the dose-response 

relationship of each COPC is evaluated (usually from laboratory animal studies and 

epidemiological studies of human exposure) in order to determine the maximum dose to 

which humans can be continuously exposed, that would be associated with no, or a very low 

probability of adverse health effects. Such doses are referred to as toxicity or toxicological 

reference values (TRVs) (also sometimes called exposure limits, the terms are analogous) and 

indicate an exposure or dose that is unlikely to result in adverse human health effects. 

 

TRVs are typically derived by regulatory agencies based on: detailed reviews of toxicological, 

epidemiological and other scientific information, professional judgment, and technical 

oversight by a number of experienced scientists with expertise in the toxicological and 

epidemiological sciences. They are often derived to be protective of the most sensitive 
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endpoints in individuals (e.g., organ damage, neurological effects, cancer, reproductive effects, 

etc.), and large safety or uncertainty factors (i.e., often 100-fold or greater) are commonly used 

in their estimation. These uncertainty factors are often applied to exposure levels from studies 

where no adverse effects were observed. Thus, exceedance of a TRV does not necessarily 

mean that adverse effects will occur; rather, it means that the margin of safety beyond the no-

effect exposure is reduced. Exposure rates that are lower than TRVs are unlikely to be 

associated with adverse health effects, and are therefore, less likely to be of concern. As the 

frequency or magnitude of exposures exceeding a TRV increases, the probability of adverse 

health effects occurring in a human individual or population also increases. However, it cannot 

be categorically concluded that all exposures below a TRV will be “acceptable” (i.e., unlikely to 

result in adverse health effects), and that all exposures above a TRV are “unacceptable” (i.e., 

likely to result in adverse health effects). When TRVs are developed by regulatory agencies, 

they are typically set (to the extent possible) to be protective of all members of a human 

population including the most sensitive human life stages or population subgroups (e.g., 

developing fetus, infants, young children, pregnant women, the elderly, individuals of 

compromised health etc.). 

 

There are two main types of dose-response relationships that have been established for 

chemical agents: 

 

 Threshold Response Chemicals: For these substances, there is a dose-response 

threshold below which no adverse effects would be expected to occur. This 

relationship is generally believed to be true for all chemicals that do not cause cancer. 

Thresholds are generally assumed to exist for non-carcinogens or non-carcinogenic 

effects, as it is believed that homeostatic, compensating, and adaptive mechanisms 

must first be overcome before toxicity is manifested. TRVs derived for threshold 

response chemicals are often referred to as reference doses (RfD), acceptable daily 

intakes (ADI), tolerable daily intakes (TDI), or permissible daily intakes (PDI). These 

values indicate daily chemical exposure levels that individuals can incur on a 

continuous basis over a lifetime, without developing adverse health effects. TRVs 

derived for threshold-response chemicals are typically expressed as either a dose (e.g., 

mg/kg body weight/day) or a media concentration (e.g., μg/m3; mg/kg; mg/L).  

 

With respect to the final baseline HHRA, the two COPCs (MeHg and inorganic Hg) are 

widely believed to have threshold dose-response relationships as there is no 

convincing evidence that either is carcinogenic to humans or experimental animals. At 

this time, the International Agency for Research on Cancer (IARC) classifies MeHg as 

Group 2B (possibly carcinogenic to humans) and inorganic Hg compounds as Group 3 

(not classifiable as to its carcinogenicity to humans) 

(http://monographs.iarc.fr/ENG/Classification/latest_classif.php). The evidence for 
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MeHg being a possible human carcinogen is limited and equivocal and no known 

regulatory agency has yet derived a TRV for MeHg that is based on potential 

carcinogenic effects. 

 

 Non-threshold Response Chemicals: For these types of chemicals, it is assumed there 

is no dose-response threshold. This means that any exposure greater than zero is 

assumed to cause some type of response, or damage. This relationship is typically 

assumed for carcinogens (although, some carcinogenic substances do have a well-

defined threshold below which cancer does not appear to be a response to exposure). 

In theory, any exposure to a non-threshold substance has the potential to cause 

damage. As such, it is necessary to define an “acceptable” de minimis degree of risk 

associated with these types of exposures. This “acceptable” degree of risk is usually 

defined as a target cancer risk level of one-in-one hundred thousand to one-in-one 

million. Essentially, these numbers correspond to the dose rate that may cause an 

increased cancer risk in one person out of one hundred thousand people, or one 

person out of one million people. The acceptable or target level of carcinogenic risk is a 

policy rather than a scientific decision, and is set by regulatory agencies, as opposed to 

risk assessors. For example, for sites owned by the Canadian federal government, an 

acceptable target cancer risk level of 1 in 100,000 (1e-5) has been established. This is 

also the acceptable default target cancer risk level within the Province of 

Newfoundland and Labrador. TRVs derived for non-threshold chemicals that are 

believed to be potential carcinogens are typically expressed as cancer slope factors or 

cancer potency factors [e.g., (mg/kg body weight/day)-1)], or unit risk values for 

environmental media [e.g., (μg/m3)-1]. However, TRVs for carcinogens may also be 

expressed as risk-specific media concentrations or doses that are associated with a 

particular level of acceptable cancer risk.  

 

As neither MeHg nor inorganic Hg are considered to be human carcinogens by any 

known regulatory agency at this time (including Health Canada), and given that no 

regulatory cancer-based TRVs have been developed at this time for MeHg or inorganic 

Hg compounds, non-threshold dose-response relationships are not addressed further 

in the HHRA.  

 

For the final baseline HHRA, oral TRVs for the identified COPCS (i.e., MeHg and inorganic Hg) 

were identified from such regulatory agencies and sources as: Health Canada, U.S. 

Environmental Protection Agency (U.S. EPA), the California EPA Office of Environmental Health 

Hazard Assessment (CalEPA OEHHA), the U.S. Agency for Toxic Substances and Disease Registry 

(ATSDR), Netherlands RIVM, TERA-ITER, RAIS, the World Health Organization (WHO), and the 

European Food Safety Authority (EFSA). In selecting the oral TRVs to be used in the HHRA, 

careful consideration was given to such aspects as the scientific basis (e.g., health endpoint and 
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toxicological basis, degree of conservatism in the derivation, quality of principal study(ies) that 

a TRV was based upon, presence or absence of supporting scientific data from other studies, 

application of uncertainty or modifying factors, derivation method used), the date of last major 

review or update, and the speciation (chemical form) of MeHg or inorganic Hg that was tested 

or assessed in the principal study(ies), if known. Ultimately, the most scientifically defensible 

oral TRVs for MeHg and inorganic Hg, in the judgment of the HHRA study team, were selected 

based on the above considerations, regardless of the jurisdiction that derived them (i.e., no 

particular jurisdiction was considered preferential for TRV selection). 

 

Speciation can be an important consideration when identifying TRVs for Hg compounds, as the 

various forms of mercury (e.g., MeHg, inorganic Hg, elemental Hg) cause different types of 

effects in different organ systems and also differ in their toxic potency. Speciation is also an 

important general consideration in that regulatory TRVs for metals and metalloids are often 

based on particular chemical forms or species. Understanding the likely species present in 

study area or site media relative to the species that TRVs are derived for can help identify the 

most appropriate TRVs for a HHRA. For example, most toxicological studies that form the basis 

of TRVs utilize highly soluble (and bioavailable) forms of metals/metalloids. If the forms or 

species of a metal/metalloid in study area or site media are of much lesser solubility and 

bioavailability than those upon which the TRVs are derived for, there can be a potential for 

exposures and risks to be overestimated. While TRV options are often limited for many 

metals/metalloids, some knowledge and understanding of speciation in environmental media 

and biota can be useful for putting risk estimates into perspective and identifying key areas of 

uncertainty and conservatism in the HHRA. In the current HHRA, speciation considerations 

were not an issue as regulatory TRVs exist for both COPCs (MeHg and inorganic Hg). These 

TRVs were derived based on epidemiological and toxicological studies that directly assessed 

the primary forms of these compounds that occur in environmental media and foods (i.e., 

MeHg and mercuric chloride for inorganic Hg). 

 

As only ingestion-based exposure pathways and routes are relevant for the final baseline HHRA 

(See Section 2.3.3.1), only oral TRVs were identified from the aforementioned regulatory 

agencies. There was no need to identify TRVs for MeHg or inorganic Hg that apply to the 

inhalation or dermal routes of exposure, as these routes were deemed irrelevant or 

inconsequential with respect to the final baseline HHRA. 

 

Table 2 presents the oral TRVs that were applied within the final baseline HHRA. These TRVs 

were developed by (and are currently recommended by) regulatory agencies within North 

America, are routinely applied in HHRAs conducted within North America and elsewhere, and 

are protective of chronic exposure conditions. The regulatory agencies that developed these 

TRVs have globally recognized experience and expertise in the derivation of toxicity reference 

values and environmental quality guidelines that are protective of human health. The selected 
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regulatory TRVs are the most protective of those currently available for both MeHg and 

inorganic Hg at this time. 

  

As shown in Table 2, there were three MeHg TRVs applied within the final baseline HHRA. This 

was conducted in recognition of the fact that some of the available regulatory TRVs for MeHg 

are specific to certain human age classes (e.g., the TRVs from Health Canada, 2010c). The use 

of multiple TRVs in a HHRA can also help provide context on human health risk estimates, and 

is a common approach when more than one TRV is available for a given substance from one or 

more regulatory agencies, and all are considered to be scientifically defensible and appropriate 

values to apply.  

 

TABLE 2:   CHRONIC TOXICITY REFERENCE VALUES (TRVs) USED IN THE HHRA 

COPC 
Exposure 

Route 

Toxicity 
Reference Value 

(TRV); mg/kg 
BW/day 

Type of 
TRV 

Health Endpoint(s) 
Principal 

Study(ies) 

Regulatory 
Agency 
Source 

Methylmercury 
(MeHg) 

Oral 0.0001 RfD 

Neuropsychological 
impairment, 

neurodevelopmental 
and central nervous 

system effects in 
numerous human 

epidemiological studies 
of subsistence seafood-
consuming populations 

(fish and marine 
mammals);based 

primarily on benchmark 
dose modelling of blood 
MeHg levels in Faroese 

children exposed to 
MeHg in utero; WHO 

one compartment 
toxicokinetic model used 
to convert blood levels 

to doses 

Numerous 
studies cited 
in: U.S. EPA, 

2001a,b; 
NRC, 2000 

U.S. EPA, 
2001a,b; 

NRC, 2000 

Oral 

0.0002 (for 
women of child-
bearing age and 

children <12 
years) 

TDI 

Numerous 
epidemiological studies 
of neurodevelopmental 
and neuropsychological 

effects in young 
children; derived from 

no effect threshold of 10 
ppm THg in maternal 

hair 

Grandjean et 
al., 1997; 

Feely and Lo, 
1998; and, 

various other 
studies noted 
in Feely and 
Lo (1998); 

also based on 
WHO TWIs 
for MeHg 

Health 
Canada, 
2010c; 
2007 

Oral 0.00047 (for TDI Neurotoxicity effects based on Health 
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COPC 
Exposure 

Route 

Toxicity 
Reference Value 

(TRV); mg/kg 
BW/day 

Type of 
TRV 

Health Endpoint(s) 
Principal 

Study(ies) 

Regulatory 
Agency 
Source 

general adult 
population) 

observed in numerous 
epidemiological studies 
of accidental poisoning 
and chronic low-level 

exposure in populations 
with high fish 

consumption rates 

WHO TWIs 
for MeHg 

Canada, 
2010c; 
2007 

Inorganic Hg Oral 0.0003 TDI; RfD 

Renal toxicity in rats 
exposed subchronically 
via gavage to mercuric 
chloride; autoimmune 

effects in orally exposed 
rats (subchronic 

exposure) 

Bernaudin et 
al., 1981; 
Andres, 

1984; U.S. 
EPA, 1987 

Health 
Canada, 

2010c; U.S. 
EPA, 1995 

Notes: 
TRV=toxicity reference value; RfD=reference dose; TDI=tolerable daily intake; TWI=tolerable weekly 
intake; COPC=chemical of potential concern; BW= bodyweight. 

 

Further discussion of the toxicological effects of MeHg and inorganic Hg in humans is not 

provided in the HHRA. There are numerous comprehensive, detailed and recent regulatory 

review documents as well as numerous recent scientific papers that describe and discuss the 

human health effects that have been associated with oral exposure to MeHg and inorganic Hg. 

It is not within the scope of the final baseline HHRA to review or summarize these many 

existing published comprehensive scientific reviews. Some particularly relevant reviews that 

could be consulted (if desired) for further information on the human toxicology of MeHg and 

inorganic Hg, include, but are certainly not limited to, the following: ATSDR, 1999; 2013; EFSA, 

2012a,b; Health Canada, 2007; WHO, 2010; 2008; 2004; 2000; U.S. EPA, 2001a; U.S. EPA MRC, 

1997b.  

 

As previously noted, the two COPCs in the HHRA (MeHg and inorganic Hg) are widely believed 

to have threshold dose-response relationships, and there is no convincing evidence that either 

is carcinogenic to humans or experimental animals. At this time, only regulatory oral TRVs 

based on non-cancer effects exist. No known regulatory agency has yet derived a TRV for 

MeHg or any inorganic Hg compound that is based on potential carcinogenic effects. This 

reflects the current mixed, limited and equivocal scientific evidence for MeHg and inorganic Hg 

as possible human carcinogens. 
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Current regulatory agency cancer classifications for Hg compounds are as follows: 

 

 The International Agency for Research on Cancer (IARC) classifies MeHg as Group 2B 

(possibly carcinogenic to humans ) and inorganic Hg compounds as Group 3 (not 

classifiable as to its carcinogenicity to humans) 

(http://monographs.iarc.fr/ENG/Classification/latest_classif.php). 

 Health Canada generally defers to the IARC cancer classifications and is frequently a 

participant in IARC assessment activities and document preparation. 

 ATSDR does not directly conduct quantitative cancer risk assessments but provides 

comprehensive reviews of the scientific literature on potential carcinogenic effects of 

chemicals in its detailed toxicological profiles. In the two ATSDR profiles for Hg 

compounds (i.e., ATSDR, 1999; 2013), there is no evidence provided that MeHg or 

inorganic Hg are carcinogenic to humans. While there is some evidence presented 

that both MeHg and inorganic Hg compounds may be carcinogenic in some 

experimental animal species and genders, this evidence is limited and equivocal.  

 The Netherlands RIVM determined that the available data do not allow a clear 

conclusion to be reached on the genotoxic or carcinogenic potency of organic 

mercury compounds (including MeHg) and inorganic Hg compounds. RIVM also noted 

that if such compounds are found to have potential carcinogenic effects, the effects 

would be expected to have a threshold (wherein biochemical repair mechanisms are 

protective up to a certain level of exposure).  

 U.S. EPA classifies both MeHg and inorganic Hg as “group C”, possible human 

carcinogens, based on inadequate data in humans and limited incidence of kidney 

tumors in a single experimental animal species and gender. 

 The World Health Organization (WHO) also generally defers to IARC cancer 

classifications. However, with respect to inorganic Hg, the WHO position is that there 

is no credible evidence of carcinogenicity in humans, limited evidence of carcinogenic 

activity in male rats, and equivocal or negative evidence of carcinogenicity in female 

rats and mice. WHO also notes that the genotoxicity and mutagenicity evidence for 

inorganic Hg compounds are mixed and equivocal.   

 

In addition to the TRVs presented in Table 2, the HHRA also utilized selected other toxicological 

benchmarks, as follows. 

 

 Regulatory toxicological guidelines for THg/MeHg in human hair. While a number of 

guideline and threshold values are reported in the regulatory and scientific literature, 

guidelines from Health Canada were preferentially used in the HHRA as they are 

relatively recent and reflect the current state of the toxicological literature regarding 

the human health effects of MeHg and inorganic Hg exposure (i.e., Legrand et al., 

2010). 
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 Regulatory blood MeHg guidance values. While a number of guideline and threshold 

values are reported in the regulatory and scientific literature, blood MeHg guidance 

values from Health Canada were preferentially used in the HHRA as they are relatively 

recent and reflect the current state of the toxicological literature regarding the human 

health effects of MeHg and inorganic Hg exposure (i.e., Legrand et al., 2010). 

 Regulatory human health-based fish tissue residue guidelines for THg/MeHg. As 

previously described in Section 2.4.1.3, The benchmarks used were as follows: 

o Health Canada (CFIA, 2014) Action Level for Mercury in Commercial Fish and 

Fish Products (0.5 mg/kg ww). 

o Health Canada Fish Advisory Level for Subsistence Consumers of 0.2 mg/kg ww. 

It is generally advised that First Nations and Inuit consumers should limit their 

fish consumption if the mercury levels in the consumed subsistence species are 

>0.2 mg THg/kg ww fish. 

o U.S. EPA (2001) Fish Tissue Criterion for Consumers of Non-Commercial 

Freshwater/Estuarine Fish (0.3 mg/kg ww). 

 

Further information pertaining to the application of these toxicological benchmarks in the 

HHRA is provided in the HHRA results section (i.e., Section 3.0).  

2.5.1 Bioavailability, Bioaccessibility and Exposure Route Extrapolation Considerations 

 Bioavailability and Bioaccessibility 2.5.1.1

The response of the human body to chemical exposure depends on the quantity of the 

chemicals that actually enter the target organs, tissues and cells. In many cases, only a fraction 

of the chemicals ingested, or inhaled, or in contact with the skin, are actually absorbed into the 

body. 

 

Bioavailability refers to the extent and rate to which a chemical can be absorbed into the 

systemic circulation of an organism, and potentially produce an adverse effect (Hrudey, 1996; 

Kelly et al., 2002). For HHRA, it is important to distinguish between two types of bioavailability: 

i) absolute bioavailability; and, ii) relative bioavailability.  

 

Absolute bioavailability refers to the fraction or percentage of a compound which is ingested, 

inhaled, or applied on the skin surface that is actually absorbed and reaches the systemic 

circulation (Hrudey, 1996). Absolute bioavailability is often defined as the ratio of an absorbed 

dose to an administered dose. In studies investigating absolute bioavailability, the absorbed 

dose is typically determined by measuring the concentration of the compound in blood over 

time or by measuring the mass of the compound in excreta (e.g., urine, feces, or exhaled air). 

The absorbed (or internal) dose is useful for characterizing risk if the toxicity reference values 

(TRVs) describing the dose-response relationship (i.e., RfD, TDI) are based on the absorbed 
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dose. However, most TRVs are based on a delivered or administered dose rather than an 

absorbed dose; thus, in HHRA, it is usually not necessary to determine the absolute 

bioavailability of a contaminant (Schoof, 2003). 

 

Relative bioavailability (RBA) is defined as a measure of the differences in extent of absorption 

between two or more forms of the same chemical (e.g., lead sulphide versus lead acetate), 

different exposure vehicles (e.g., food, soil, water), or different doses (Schoof, 2003; Kelly et al., 

2002). Relative bioavailability is particularly important for HHRAs. This is because matrix effects 

in some environmental media and food items can substantially decrease the bioavailability of a 

chemical, relative to the soluble forms and dosing media that are generally used in the 

toxicology studies upon which TRVs are derived from (i.e., simple foods, drinking water). Thus, 

RBA is calculated as the ratio of the absorbed fraction from the exposure medium in the risk 

assessment (e.g., foods in this case) to the absorbed fraction from the typical dosing medium 

used in the critical toxicology or epidemiology studies upon which the TRVs are based (e.g., 

foods and drinking water). When RBA is expressed in this manner, it is commonly termed a 

relative absorption factor (RAF). Incorporating RAFs into HHRAs can greatly refine estimates of 

the external (i.e., administered) dose that is available for absorption (Schoof, 2003; U.S. EPA, 

2007a; HERAG, 2007). It is important to recognize that while absolute bioavailability can never 

exceed 100%, RBA can exceed this value (U.S. EPA, 2007a). 

 

The bioavailability of a chemical is dependent on the chemical form, the environmental 

medium or matrix it is in, as well as the tissues/organs with which the chemical interacts. Thus, 

when applying TRVs in a HHRA, it is important to consider the bioavailability of COPCs in the 

particular study from which the TRV is derived, to obtain reasonable estimates of the actual 

quantity of the chemical that is potentially entering the body. 

 

A particularly important determinant of the oral bioavailability of chemicals is their 

bioaccessibility. The term “bioaccessibility” refers to the fraction of the substance that can be 

biologically extracted from the exposure media (i.e., foods in this case) and solubilized within 

the gastrointestinal tract so that it is available for absorption through the intestinal wall into 

the blood stream. In other words, bioaccessibility sets an upper limit on oral bioavailability, 

and the two processes are positively correlated. In HHRAs, bioavailability inherently includes 

bioaccessibility (Kelly et al., 2002). Thus, measures of bioaccessibility are often used to 

estimate RBA. 

 

Some regulatory definitions (from U.S. EPA, 2007a; Sips et al., 2001) pertaining to the 

bioaccessibility and bioavailability of metals and metalloids are as follows: 

 

 Bioaccessibility refers to the amount of environmentally available metal/metalloid that 

actually interacts with the organism’s contact surface (e.g., membrane) and is 
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potentially available for absorption (or adsorption if bioactive upon contact), where 

environmentally available refers to the total amount of metal/metalloid that is 

available for physical, chemical, and biological modifying influences (e.g., fate and 

transport) and is not sequestered in an environmental matrix. 

 Bioavailability is the extent to which bioaccessible metals or metalloids absorb onto, or 

into, and across biological membranes, expressed as a fraction of the total amount of 

metal/metalloid the organism is proximately exposed to (at the sorption surface) 

during a given time and under defined conditions. 

 Sips et al., (2001) defined the bioaccessible fraction as the fraction of the substance of 

interest that is dissolved from food or ingested environmental media into chyme 

(within the stomach), and which represents the maximum fraction available for 

intestinal absorption. The dissolved substance may then be absorbed and transported 

across the intestinal wall into the blood or the lymphatic system. Once dissolved, some 

of the substance may precipitate in the intestine, be bound to other substances or 

undergo chemical transformation to an insoluble form. Any of these processes would 

lead to a portion of the substance remaining unavailable for absorption.  

 

There are two main ways in which the relative bioavailability (RBA) of chemicals in any media 

or matrix is estimated. In vivo studies (i.e., whole animal studies) have been used to determine 

RBA directly for some chemicals; however, these studies can have significant time and cost 

constraints associated with them, and are rarely conducted. A much more widely used 

alternative is the use of in vitro bioaccessibility (IVBA) tests. These are essentially extraction 

studies that simulate the human gastrointestinal tract (e.g., pH, temperature, and chemical 

composition of solutions in both the stomach and small intestine) in order to estimate the 

mobilization of compounds from a test matrix or medium during the digestion process. These 

in vitro tests offer a rapid and inexpensive means of estimating bioaccessibility, and can 

generally provide a reasonable approximation of RBA (for substances lacking adequate in vivo 

RBA data), when the various factors that control bioaccessibility and RBA are reasonably well 

understood. IVBA tests can be conducted using a gastric phase only or with both a gastric and 

intestinal phase. 

 

The study of chemical bioaccessibility in foods is relatively new (though it is rapidly increasing 

in recent years) and most regulatory agencies within North America have not yet accepted the 

routine use of food bioaccessibility data in HHRAs, nor have they developed guidance on the 

application of IVBA testing of food samples for HHRAs. Soil bioaccessibility studies have a 

somewhat more established basis and a higher degree of regulatory acceptance when applied 

within HHRAs. Thus, much of what is known about the various factors that can influence 

chemical bioaccessibility comes from soil in vivo and in vitro bioaccessibility studies. Despite 

the limited regulatory acceptance of food bioaccessibility data in HHRA at this time, the 

bioaccessibility of chemicals in ingested food items is an important consideration as it directly 
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impacts human health risk estimates for food ingestion exposure pathways. The inclusion of 

bioaccessibility information as part of the HHRA process (even if done in a qualitative manner) 

can allow for more realistic estimates of the systemic exposure to chemicals from food 

ingestion, relative to using generic default assumptions that are likely to be excessively 

conservative and unrealistic.  

 

In the final baseline HHRA, food item bioaccessibility testing was not conducted, nor were 

literature bioaccessibility values applied in a quantitative manner. This reflects the limited 

regulatory acceptance of food bioaccessibility data in HHRAs conducted within Canada at this 

time. However, MeHg and inorganic Hg bioaccessibility in the assessed food items were 

considered qualitatively in the HHRA. Not accounting for the gastrointestinal bioaccessibility of 

these two COPCs (such as through the use of an oral RAF that is <1.0) overestimates the 

amount of MeHg and inorganic Hg that would be absorbed into the systemic circulation and be 

able to interact with the body’s tissues and organs, and potentially cause toxicity. 

 

The following subsection provides a brief review of the literature on MeHg and THg 

bioaccessibility in relevant food items. Prior to describing and discussing the available 

literature studies though, some of the common issues and limitations that affect 

bioaccessibility studies in general, are briefly addressed.  

 

While bioaccessibility testing is clearly a valuable emerging tool in HHRA (i.e., for soils in 

particular and emerging as a useful tool for food items), it is not without its inherent limitations, 

uncertainties, and sources of variability. Some common issues that have arisen frequently in 

relation to bioaccessibility testing are briefly described below. 

 

 Solubility of the chemical form of a substance that is present in a food or soil matrix is 

one of the major factors controlling bioaccessibility. Thus, any factors that influence 

solubility (e.g., the speciation (chemical form) of the contaminant; food or soil matrix 

characteristics, such as: particle size distribution, organic carbon content, pH, Eh, 

texture, phosphate, and iron/aluminum/manganese oxyhydroxide and other major 

mineral content; digestive fluid composition) also tend to strongly influence 

bioaccessibility testing results (e.g., Oomen et al., 2006; 2002; 2000; Schoof, 2003; 

Gron and Andersen, 2003; EAUK, 2005; Casteel et al., 2006; Wragg et al., 2007; 

Palumbo-Roe and Klinck, 2007; Welfringer and Zagury, 2009; Freeman et al., 1996; 

Ruby et al., 1993; 1996; 1999; Hamel et al., 1998; 1999; Yang et al., 2003; Yang et al., 

2005; Basta et al., 2007; Subacz et al., 2007; Smith et al., 2008; Girouard and Zagury, 

2009; Juhasz et al., 2007a,b). 

 While there are some standard generally accepted protocols for soil bioaccessibility 

testing (that have received regulatory acceptance or endorsement), this is not yet the 

case for food bioaccessibility testing. Also, relatively few substances have available 
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bioaccessibility test protocols that have received regulatory acceptance. Given the 

various factors known to affect such test results, it is generally considered that test 

methods that may be validated for some elements in some soil or food types under 

some test conditions, may not be appropriate for other elements in different soil or 

food types, or using different test conditions. 

 While standardized certified reference materials and bioaccessibility test methods may 

reduce the variability within the available in vitro methods, the current best approach 

to validation of in vitro results has been to use in vivo studies in rats and/or pigs (Sips 

et al., 2001; Juhasz et al., 2007b; Basta et al., 2007), and to determine the degree of 

correlation between results from these two study types. However, given the time and 

cost constraints of whole animal (in vivo) tests, few substances have undergone 

validation of in vitro test data against in vivo test data.  

 Even with in vivo methods, there are a number of factors that can lead to variability in 

bioaccessibility test outcomes, such as: age of test subjects (e.g., gastrointestinal (GI) 

absorption of metals and metalloids tends to be higher in juvenile animals than adult 

animals); species (some animal models are more suitable than others in terms of 

similarity to human gastrointestinal physiology); physiological state (e.g., fasted 

subjects have higher rates of element absorption from the GI tract, as do subjects with 

nutritional deficiencies in certain vitamins and major elements such as calcium and 

iron; pregnancy may also increase the GI tract absorption of certain elements etc.); and, 

the composition of digestive fluids.  

 Some studies in the literature have applied standard soil bioaccessibility test methods 

to the testing of food items. This may not be appropriate in all cases as many foods 

represent a more complex matrix than soils. 

 At this time, for food IVBA testing, there is a range of test methods with differing 

protocols, reagents, duration, and other test conditions. There has been limited 

regulatory endorsement of specific methods to date, limited comparison studies 

between the various test methods and protocols, and limited validation of IVBA data 

against in vivo RBA study outcomes.  

 The potential effects of co-consumed foods other than the food items of interest, and 

the effects of intestinal microbial communities on chemical bioaccessibility have not 

been well investigated to date.  

 The liquid:solid ratio (L/S) used in in vitro tests has been suggested as a key potential 

source of variability. Over the last decade, it has become standard practice in most 

tests methods for foods and soil to use a L/S of 100:1 (mL:g). It has been suggested 

though that this standard ratio may not necessarily reflect the conditions within the 

gastric environment. L/S in gastric fluid has been reported to range from 12,500:1 to 

2,500:1 (Richardson et al., 2006). Despite these concerns though, a number of studies 

with soils (none were identified for foods) have shown that the bioaccessible 

concentrations of most substances do not appear to be sensitive to variations in L/S 
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(though this can vary across substances), and that a L/S of 100:1 is generally 

reasonable when conducting IVBA tests with soil, and presumably with foods as well.  

 

Summary of THg and MeHg Bioaccessibility in Relevant Food Items 

 

It is a common default assumption in HHRAs of Hg compounds that MeHg and inorganic Hg are 

100% absorbed into the systemic circulation when ingested. However, many studies suggest 

that this is not the case, and that absorption efficiency may be substantially lower than 100%. 

The following text briefly summarizes a number of identified studies which evaluated the 

gastrointestinal bioaccessibility of MeHg and THg in food items that are relevant to the final 

baseline HHRA. This topic will be further addressed in a forthcoming consumption 

advisory/advice protocol (as these types of studies can strongly support recommendations for 

how people should consume fish, seal and other country foods of aquatic origin).  

 

Literature searches conducted on the topic of MeHg and inorganic Hg bioaccessibility and 

bioavailability, in foods of relevance to the LCHGP study area, did not reveal the identification 

of any in vivo studies. However, a number of in vitro studies were identified and reviewed.  

 

Table 3 summarizes the identified relevant in vitro bioaccessibility (IVBA) studies. 

 

TABLE 3:   SUMMARY THg AND MeHg IVBA IN FISH AND OTHER AQUATIC COUNTRY FOOD ITEMS AND 
   COMMERCIALSEAFOOD ITEMS (SELECTED STUDIES) 

Mercury 
Form 

Food Type or 
Species 

IVBA (%) IVBA Methods Comments Reference 

THg 

Salmon 
(Sockeye and 
Chinook); n=8 

Mean: 49 

Modified from Laird 
et al., 2009; gastric 
+ intestinal phase 

Raw (un-cooked) food 
item 

Laird and 
Chan, 2013 

Game mammal 
organs (deer, 
moose); n=15 

Range of 
means: 63-138 

Rabbit meat; 
n=3 

Mean: 106 

THg 

Ringed seal 
liver 

18.9 Gastric + intestinal 
phase; SHIME 

method 

Raw (uncooked); 
sample size not 

reported for seal liver 

Laird et al., 
2009 Arctic char 

flesh; n=6 
Range: 41 to 

94 

THg 

Salmon (fresh); 
n=3 

Range of 
means: 102-

106 Gastric + intestinal 
phase 

Raw (uncooked) 
Calatayud et 

al., 2012 Mussels (fresh); 
n=3 

Range of 
means: 38-69 

Lobster Range of 
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Mercury 
Form 

Food Type or 
Species 

IVBA (%) IVBA Methods Comments Reference 

(Norway; 
frozen); n=3 

means: 40-81 

Prawns and 
shrimp 

(frozen); n=3 

Range of 
means: 75-92 

THg 
(assumed 
to be 
MeHg) 

Cod (Baltic 
cod); n=31 

Mean: 21 
Range: 2-62 

Method of Shim et 
al., (2009) and 

Cabanero et al., 
(2004); Gastric + 
intestinal phase 

Raw (uncooked) but 
frozen and powdered 
and dried prior to in 

vitro digestion 

Kwasniak et 
al., 2012 

THg 

Farmed Atlantic 
salmon; n=25 

(fillets with 
bone and skin) 

Mean (raw 
fillets): 89.8 

 
Grilled fillets: 

32.2 

Mouth + gastric + 
intestinal phases as 

per Afonso et al., 
2015a 

Raw (uncooked) and 
grilled (cooked) IVBA 
testing on edible fillet 

portions; grilling 
significantly reduced 
THg IVBA relative to 
IVBA in raw samples 

Costa et al., 
2015 

THg and 
MeHg 

Canned tuna; 
n=50 

THg Means: 
18 (olive oil 

packed) 
 

20 (water 
packed) 

 
MeHg Means: 

18 (olive oil 
packed) 

 
29 (water 

packed 
 

Mouth + gastric + 
intestinal phases as 

per Afonso et al., 
2015a 

Canned tuna packed 
in olive oil and packed 

in water purchased 
from Portugal grocery 
stores; cans drained 

and samples 
homogenized prior to 

in vitro digestion 

Afonso et 
al., 2015b 

THg and 
MeHg 

Scallop, shrimp, 
salmon, crab, 
cod, canned 

tuna; n=6 per 
seafood type 

Scallop 
Mean: 100 

 
Shrimp 

Mean: 100 
  

Salmon 
Mean: 85 

 
Crab 

Mean: 62 
 

Cod 
Mean: 78 

 
Canned tuna 

Gastric + intestinal 
phases based on 

PBET method 

Raw (uncooked) 
samples purchased 

from Montreal, 
Canada seafood 

markets (samples 
were tested raw, but 
were homogenized; 

skin and bones 
removed; frozen at -

20 degrees C until 
time of experiments) 

Siedlikowski 
et al., 2016 

CIMFP Exhibit P-00271 - Appendix O - 44 Page 139



 
Final Baseline HHRA 
October 2016 –12-6331-7000 

126 

 

Mercury 
Form 

Food Type or 
Species 

IVBA (%) IVBA Methods Comments Reference 

Range of 
Means: 50-62 

Notes: 
THg includes both MeHg and inorganic Hg forms. 
IVBA=in vitro bioaccessibility; PBET=physiologically based extraction test; SHIME=Simulator of Human 
Intestinal Microbial Ecosystem of Infants.  
 

The IVBA data presented in Table 3 are highly variable and are limited to mainly raw food items, 

which does not represent the manner in which most country and store-bought food items of 

interest are consumed. Clearly, the IVBA of MeHg or THg in some food items may be at or near 

100%, but can also be substantially lower than 100% in the same or similar food items. The 

differing test methods used in the summarized studies may explain some of the observed 

variability in the IVBA per cent values. The presented data on MeHg and THg IVBA suggests 

that IVBA (and therefore RBA) is likely less than 100% in most fish and meat foods, but 

variability and data limitations preclude defining a specific IVBA or RBA value at this time that 

could be applied with confidence in the HHRA.  

 

In addition to what is summarized in Table 3 above, Siedlikowski et al., (2016) also conducted a 

bioavailability experiment for MeHg using a Caco-2 (colon epithelial cell line) retention and 

transport assay that was conducted according to methods used by Calatayud et al., (2012). 

Bioavailability mean percentages for scallop, shrimp, salmon, crab, cod, and canned tuna were 

lower than the IVBA % values obtained for these seafood items (i.e., 50%, 61%, 67%, 29%, 51%, 

and 32-54% for scallop, shrimp, salmon, crab, cod, and canned tuna, respectively). The authors 

state that they believe this assay offers a more reliable approximation of MeHg bioavailability 

than IVBA testing. However, the Caco-2 cell line has only been used in two identified studies to 

date (i.e., Siedlikowski et al., 2016; and, Calatayud et al., 2012), and cannot yet be considered 

validated or standardized at this time, despite the author’s contention. Nonetheless, the 

results further demonstrate that gastrointestinal absorption of MeHg is very likely <100% in a 

number of commonly consumed seafood items. 

 

Other studies of fish THg IVBA in raw muscle tissue samples (for species not found or 

consumed in the LCHGP study area) also reported <100% IVBA in various species (e.g., Wang et 

al., 2013 found that THg IVBA (gastric + intestinal phases) ranged from roughly 20% to 59% in 

muscle samples of 20 fresh water and salt water fish species purchased at Hong Kong fish 

markets; Cabanero et al., (2007;2004)found that THg IVBA (gastric + intestinal phases) in 

sardines, swordfish and tuna purchased at Spanish seafood markets was <20%, and as low as 

9% in some tuna samples; Torres-Escribano et al., 2010 found that THg IVBA ranged from 38-

83% in 27 frozen (from fresh) swordfish samples. 
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In a number of the studies noted above and in Table 3, the raw samples that were tested were 

not necessarily in a raw “as harvested” state. Rather, the raw samples are typically 

homogenized, frozen and dried prior to the in vitro digestion procedures. This introduces some 

uncertainty in that these sample preparation procedures do not reflect the manner in which 

the tested foods are actually eaten by people.  

 

Overall, while there has been an increasing amount of studies in recent years that have 

evaluated the gastrointestinal bioaccessibility of MeHg and THg in foods, the available data are 

too limited at this time to apply quantitatively in a HHRA. There remains a variety of methods 

and test conditions in use and it appears that standard IVBA protocols for food testing do not 

yet have regulatory acceptance within Canada. Laird and Chan (2013) and Siedlikowski et al., 

(2016) noted that it is presently difficult to compare results across different IVBA studies due 

to the lack of a generally accepted IVBA protocol for foods at this time, and the varying test 

conditions among the reported protocols utilized to date in the scientific literature (e.g., test 

duration, specific reagents and enzymes used, incubation times and temperatures, liquid:solid 

ratios are some of the IVBA test conditions that may affect results). Typically, IVBA protocols 

and data are validated against in vivo RBA data prior to regulatory agency acceptance of 

applying IVBA data within HHRAs. This does not appear to have occurred to date for any Hg 

compound. Further complicating matters is the fact that the mechanisms underlying THg and 

MeHg IVBA are not fully understood at this time. It appears that the IVBA of Hg compounds is 

independent of food digestibility and the THg or MeHg concentrations in the food. This 

suggests that Hg IVBA may not be a saturable process and that some proportion of the Hg is 

potentially available for absorption in the gastrointestinal tract, regardless of the food Hg 

concentrations (Laird and Chan, 2013; Laird et al., 2009; He and Wang, 2011). 

 

Changes to THg/MeHg Bioaccessibility During Cooking Processes and Effects of Other Dietary 

Components on THg/MeHg Bioaccessibility 

 

An increasing number of studies in the literature are reporting that various cooking methods 

can substantially reduce the IVBA of THg (and MeHg) in fish and other seafood products, and 

that the co-ingestion of certain foods or beverages (with fish or other seafoods) can also result 

in marked reductions in IVBA, especially in combination with the effects of cooking. It is 

believed that if IVBA is reduced by cooking and by co-consumption of certain foods and 

beverages, then the oral RBA of THg (and MeHg) will be similarly reduced such that a much 

lower dose would actually be incurred by human consumers relative to what is typically 

assumed in HHRA on the basis of raw food item THg data. 

 

It is generally believed that the reduction in THg bioaccessibility from the co-ingestion of 

certain foods and beverages is due to complexation (or chelation) reactions that render the Hg-

ligand complex less soluble and less able to readily cross the small intestine epithelial cell 

CIMFP Exhibit P-00271 - Appendix O - 44 Page 141



 
Final Baseline HHRA 
October 2016 –12-6331-7000 

128 

 

membranes. The reduction in IVBA that is caused by cooking methods is believed to be a 

function of protein structure modifications that are induced by heat (such as denaturing of 

proteins) which makes Hg-protein complexes less available to be solubilized and acted upon by 

digestive enzymes in the gastrointestinal tract (Ouedraogo and Amyot, 2011; Afonso et al., 

2015a,b; Torres-Escribano et al., 2011). 

 

While the findings of such in vitro studies are of high interest to any HHRA that assesses MeHg 

and other Hg compounds, there has been no in vivo validation of such findings to date, which 

makes it difficult to apply the findings of these studies in a quantitative manner within a HHRA. 

As such, the final baseline HHRA makes no attempt to adjust conservative default oral RAFs on 

the basis of this research. Nonetheless, the implications of these studies with respect to 

potential human exposure and risk are clearly important and are discussed in greater detail in 

the forthcoming consumption advisory and advice protocol. A brief summary of some relevant 

findings from key studies conducted to date follows. 

 Among the substances that have been shown to reduce THg IVBA are foods high in 

phytates, catechins, theaflavins, fiber, thiol compounds, flavonoids, polyphenols, 

selenium, Vitamin E, and PUFA (e.g., Shim et al., 2009; Cabanero etal., 2004; 2007; 

Passos et al., 2003; 2007; Canuel et al., 2006b; Ouedraogo and Amyot, 2011; Black et 

al., 2011; Ginsberg et al., 2015; He and Wang, 2011; Hajeb et al., 2014). These types of 

substances tend to occur at high levels in the fish and other aquatic country food 

items themselves, but also occur at elevated levels in such food and beverage items as 

green and black tea, coffee, certain fruits and fruit juices (e.g., grapefruit), soy protein, 

wheat bran, and in some traditionally harvested plants such as Labrador tea.  

 Shim et al., (2009) used a gastric and intestinal food IVBA method to test samples of 

raw homogenized King mackerel muscle samples with varying (and increasing) 

amounts of added green tea powder, black tea powder, soy protein powder, 

grapefruit juice, oat bran, red hard wheat bran, and psyllium fibre. In each food 

treatment group, a control raw mackerel muscle sample with no added food 

treatment was also tested. The authors found that the green and black tea and soy 

protein powder treatments significantly reduced THg IVBA from that observed in the 

raw untreated samples, in a dose-dependent manner. Grapefruit juice was also 

effective at reducing THg IVBA, but the effect was not dose-dependent wherein higher 

amounts of juice did not further reduce IVBA. Wheat bran also significantly reduced 

THg IVBA (by 72-84%) in a generally dose-dependent manner. Oat bran required 

higher amounts than wheat bran to elicit IVBA reduction, as did psyllium. The psyllium 

treatment was the least effective in reducing THg IVBA. The authors hypothesized that 

insoluble fiber is most effective in reducing THg IVBA (what bran is mostly insoluble 

whereas psyllium is mainly a soluble fiber).  

 THg IVBA in raw tuna, shark and mackerel samples was found to be roughly 80% 

versus an IVBA of 40% in boiled fish samples, and <20% in fried fish samples 
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(Ouedraogo and Amyot, 2011). These authors found that despite the significant 

reduction in IVBA, there was no significant change to the THg or MeHg concentrations 

present in the raw versus cooked fish samples. This suggests that the Hg is not lost 

from the fish during cooking, but rather, that the cooking process structurally alters 

the proteins to which the Hg is bound. This study also found that the addition of green 

tea, black tea and black coffee significantly reduced Hg IVBA in all fish species tested, 

with or without cooking. Hg IVBA generally decreased as a function of the amount of 

tea or coffee added (a near linear relationship), eventually reaching a plateau in most 

instances, where further addition of tea or coffee did not further reduce IVBA. In all 

experiments, the reduced IVBA from the addition of tea and coffee was further 

enhanced with cooking. Thus, there appears to be an additive effect from cooking and 

co-ingestion of certain food items with respect to reducing the IVBA of Hg present in 

fish.  

 Other studies with a number of fish species (that do not occur or are not consumed 

within the LCHGP study area), have also found that cooking practices (including 

steaming, boiling, grilling, frying) reduced THg and/or MeHg IVBA (relative to the IVBA 

of THg or MeHg in raw fish samples). The magnitude of the effect of cooking (degree 

of IVBA reduction) has been found to vary across the fish species tested and by 

cooking method and cooking duration (e.g., He and Wang, 2011; Afonso et al., 2015a; 

Maulvault et al., 2011; Torres-Escribano et al., 2011). It generally appears that the 

harsher or more intense the thermal treatment in the cooking method, the greater the 

reduction in THg and MeHg IVBA. Thus, it is often (though not always) the highest 

temperature cooking methods that yield the greatest reduction in THg and MeHg IVBA 

(e.g., roasting, grilling, frying, steaming). 

 In the noted studies, there was generally little correlation between THg or MeHg 

concentrations in the fish samples and the IVBA of THg or MeHg.  

 Selection of Oral RAFs for the HHRA 2.5.1.2

Given the discussion in the previous sections on the status of MeHg and inorganic Hg RBA and 

IVBA within the scientific literature, and regulatory agency acceptance of food IVBA methods at 

this time, study area-specific data on the IVBA of THg or MeHg was not collected.  

 

While there is growing evidence that MeHg and inorganic Hg RBA and IVBA is likely less than 

100% in most food items, the current level of uncertainty and variability that is associated with 

the available THg and MeHg IVBA data makes it inappropriate to attempt to quantitatively 

apply these data within a HHRA. 

 

Thus, it was conservatively assumed for HHRA purposes that the RBA of MeHg and inorganic 

Hg in all assessed food items was 100%. In other words, a default oral RAF of 1.0 was assumed 

for each of the assessed food items with one exception (as described below). This assumption 
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is equivalent to assuming that the oral bioavailability of MeHg and inorganic Hg in the assessed 

country and store-bought food items is the same as the oral bioavailability of these substances 

in the toxicology and epidemiology studies from which the regulatory oral TRVs were derived. 

For HHRAs that evaluate food ingestion exposure pathways, it is common to assume that an 

oral RAF of 1.0 applies to the COPCs in all assessed food items unless there are reliable 

validated in vivo RBA and/or IVBA data that strongly supports a lower oral RAF value(s). An oral 

RAF of 1.0 was also conservatively assumed for the exposure pathway of breast milk 

consumption by nursing infants. 

 

The only exception to assuming an oral RAF of 1.0 occurred for the seal liver consumption 

pathway. For ringed seal liver, an oral RAF of 0.25 was applied. This RAF is based on measured 

IVBA data for ringed seal liver from Laird et al., (2009) and unpublished ringed seal IVBA data 

reported in Lemire et al., (2015). In the Lemire et al. paper, THg IVBA in ringed seal liver was 

reported to be 11% (B. Laird, Personal communication, Cited in: Lemire et al., 2015). Laird et al., 

(2009) previously reported that the IVBA of THg in ringed seal liver was 19%. While it is 

acknowledged that IVBA data alone is not sufficient justification for deviating from a default 

oral RAF of 1.0, there is substantial support that THg bioaccessibility and bioavailability in 

ringed seal liver is likely to be very low such that a RAF of 0.25 is justified. For example:  

 

 Eaton et al., (1980) found no apparent accumulation of Hg and no Hg-induced effects 

in domestic cats fed seal liver that was known to contain elevated THg concentrations. 

This was in contrast to cats fed regular cat food that was spiked with MeHg-chloride, 

where the cats showed clear dose-dependent neurotoxic effects and measurable 

tissue concentrations of MeHg upon necropsy.  

 A number of other studies have also reported that the Hg present in seal liver is not 

readily bioavailable (i.e., not readily absorbed) when consumed by humans or 

experimental animals (Clarkson, 2002; Ikemoto et al., 2004; Lemes et al., 2011; 

Wagemann et al., 1998).  

 The very low bioavailability of Hg in seal liver is believed to be a function of liver Hg 

being bound tightly to selenium (Se) complexes. Most Hg in seal liver is reported to be 

comprised of insoluble inorganic Hg-Se complexes (such as selenides) which are of very 

low to negligible bioavailability (Wagemann et al., 2000; 1998; Arai et al., 2004; Ayotte 

et al., 2004; Dietz et al., 2000). The liver of seals and other marine mammals tends to 

be enriched in Se and molar ratios of Se to Hg are commonly 1:1 or higher (Dietz et al., 

2000; Arai et al., 2004; Ayotte et al., 2004). Because Hg-Se compounds in the liver are 

of negligible solubility, their bioavailability is very low such that Hg-Se compounds are 

believed to be biologically inert (Nuttall, 1987).  

 In addition to the liver having excess Se to efficiently bind Hg, substantial MeHg 

metabolism (demethylation) also occurs in the liver (as it does in all vertebrate species). 
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Demethylation of Hg in the liver results in even greater Se binding as the mobilized 

Hg2+ ion that is a product of demethylation reactions, has a very high affinity for Se.  

 It has also been well established in the literature that all inorganic Hg compounds 

(including compounds that are of much higher solubility than Hg-Se compounds) are 

generally poorly absorbed from the gastrointestinal tract of humans and experimental 

animals. Estimates of gastrointestinal absorption of inorganic Hg compounds range up 

to 15% in humans and from 3% to 40% in experimental animals (ATSDR, 1999). 

 There is a recent HHRA precedent for assuming an oral RAF of 0.25 for Hg in seal liver. 

In HHRA studies of communities in the Nunavik region of northern Quebec, Lemire et 

al., (2015) assumed 25% Hg bioavailability in seal liver based on measured THg IVBA 

data for seal liver which showed that 11% of the THg in seal liver samples was 

bioaccessible. 

 

Because all of the exposure pathways evaluated in the HHRA are for the oral exposure route, 

and regulatory oral TRVs exist, there was no need to consider route-to-route extrapolation, nor 

was there a need to define RAFs for dermal or inhalation exposure pathways and routes (which 

were not evaluated in the final baseline HHRA; See Section 2.3.3). 

2.6 Risk Characterization 

Risk characterization is the final step in a HHRA. It integrates the exposure and hazard (toxicity) 

assessments to provide an overall estimate of human health risk for the receptors, COPCs, 

exposure pathways and exposure scenarios that were evaluated.  

 

The risk characterization step of the final baseline HHRA also integrated all lines of evidence 

(LOEs) that were evaluated in the HHRA in order to provide an overall weight of evidence 

(WOE) characterization of whether or not potential human health risks in relation to MeHg and 

inorganic Hg exposure exist within the LCHGP study area communities at this time, and 

whether or not there is a current need for corrective action or risk management (such as 

consumption advisories) for some or all of the LCHGP study area communities.  

 

Within its major steps (Problem Formulation, Exposure Assessment, Hazard Assessment), the 

final baseline HHRA evaluated multiple LOEs. These LOEs (as follows) comprised the main 

outcomes of the HHRA. 

 

 Calculated human health risk estimates for each of the assessed human receptors, in 

each study area community, expressed as hazard quotients (HQs). HQs in this HHRA 

are the estimated total exposures to both MeHg and inorganic Hg divided by the 

applicable regulatory toxicological reference value(s) (TRVs) for these COPCs. 
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 Relative exposure contributions of the assessed human exposure pathways and food 

items to total MeHg and inorganic Hg exposure for the assessed human receptors, and 

the relative proportion of MeHg and inorganic Hg exposure that is attributed to 

country food consumption versus market basket (store-bought) food consumption. 

 Consideration of the conservative assumptions and uncertainties (including data 

variability) within the exposure assessment and hazard (toxicity) assessment steps of 

the HHRA and their impact on human health risk estimates (conservative assumptions, 

uncertainties and data variability within the HHRA are described in Section 4.0). 

 Consideration of the potential impact of key toxicological interactions on predicted 

human health risk estimates, and the relationship of predicted risk estimates to the 

health benefits of including locally harvested fish, seal and game species in traditional 

diets. This consideration was only treated in a brief and cursory manner in the HHRA as 

it will be addressed in greater detail in the forthcoming consumption advisory/advice 

protocol and program. 

 Evaluation of human biomonitoring data (i.e., the measured hair THg and MeHg 

concentrations) from the baseline HBP conducted in LCHGP study area communities, 

and comparison of the hair THg and MeHg data to regulatory toxicological guidelines 

for THg/MeHg in hair. 

 Comparison of the measured hair THg and MeHg data from the HBP to predicted hair 

MeHg concentrations estimated using the one compartment toxicokinetic model 

(described in Section 2.4.4) that converts estimated MeHg exposures (expressed as a 

dose) to blood MeHg concentrations. Blood MeHg concentrations were then converted 

to hair concentrations using the blood to hair conversion factor of 250 (Section 2.4.4). 

 Comparison of estimated human receptor blood MeHg concentrations (from the 

toxicokinetic model) to Health Canada blood MeHg guidance values (i.e., Legrand et al., 

2010). 

 Comparison of predicted hair MeHg concentrations to regulatory toxicological 

guidelines for THg/MeHg in hair. 

 Comparison of estimated fetal blood MeHg concentrations (See Section 2.4.4) to 

Health Canada blood MeHg guidance values (i.e., Legrand et al., 2010). 

 Comparisons of LCHGP study area fish THg concentration data against regulatory 

human health-based fish tissue residue guidelines for THg/MeHg (these guidelines are 

described in Section 2.4.1.3 and Appendix D).  

 General comparisons of study area fish muscle, seal muscle and liver, and wild bird egg 

THg concentrations to selected fish, seal and egg THg data reported in the literature 

for various northern locations within Canada, the U.S., and northern Europe. 

 

In HHRAs that evaluate THg and/or MeHg, it is important to evaluate LOEs beyond calculated 

HQs to help put predicted human health risks into context. Given the inherent conservatism in 

HHRA, it is common that HHRAs evaluating MeHg exposure report an elevated potential for 
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human health risk in the form of HQ values that are >1.0. Thus, additional information and 

LOEs, beyond HQs, can help determine if potential human health risks due to MeHg exposure 

truly exist, and if so, how such risks may best be managed or mitigated. 

 

The outcomes of risk characterization and its various LOEs are typically presented in the results 

section of a HHRA, which is the case herein (i.e., Section 3.0).  

2.6.1 Calculation of Hazard Quotients (HQs) 

For chemicals with TRVs that are based on threshold effects (which are typically non-

carcinogenic effects), as is the case for MeHg and inorganic Hg, hazard quotients (HQs) are the 

primary and standard means by which human health risk estimates are expressed. A HQ is 

essentially a ratio that is calculated by dividing the estimated level of COPC exposure by the 

applicable TRV for a COPC, as indicated in the following equation: 

 

Hazard Quotient =  Estimated COPC Exposure (mg/kg body weight/day) 

TRV (mg/kg body weight/day) 

 

HQs are also sometimes referred to as exposure ratios (ERs) or risk quotients (RQs). Regardless 

of the terminology, all are calculated in the exact same manner. Human health risks expressed 

as HQs are the same as the approach of expressing risk estimates as the percentage of a TRV 

that is taken up by the estimated COPC exposure (e.g., Health Canada (2007) presented THg 

human health risk estimates in this manner). HQs are simply the expression of such 

percentages as a factor. 

 

Calculated HQs for MeHg and inorganic Hg, for all assessed human receptors in all study area 

community exposure scenarios, are provided in Appendix B (as point estimate values). A 

worked example of exposure and risk calculations (which includes HQs) is provided in 

Appendix C. 

2.6.2 Interpretation of HQs  

Once HQ values have been determined, they are typically compared to a target HQ that is 

essentially an indicator of “safety”. In general, if the total chemical exposure from all relevant 

exposure pathways is equal to or less than the TRV, then the HQ would be 1.0 or less, and no 

adverse health effects would be expected. In this case, the target HQ would be 1.0, assuming 

that there are estimates of exposure from all relevant exposure pathways.  

 

Because the final baseline HHRA evaluates all major exposure pathways and routes (all of 

which are based on country and store-bought food ingestion; See Section 2.3.3) for both MeHg 

and inorganic Hg, the use of a target HQ of 1.0 in the HHRA is appropriate.  
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If HQ values are less than 1.0, no adverse health effects would be expected to occur given the 

COPCs, receptors, exposure pathways and scenarios evaluated. As HHRAs typically utilize a 

number of conservative factors and assumptions, there is usually a high degree of confidence 

that such HQ values do not pose a potential human health risk. If HQ values are greater than 

1.0, there may be a potential for adverse effects in sensitive individuals or in one or more of 

the exposure scenarios considered. However, given the conservatism typically employed in 

HHRAs, calculated HQ values greater than the target HQ value do not necessarily indicate that 

adverse health effects are likely to occur. Generally, in cases where estimated HQ values are 

greater than the target HQ value, assumptions, parameters and data used within the HHRA 

(including information on the human toxicology of the COPCs) are closely re-examined prior to 

concluding whether or not a human health risk truly exists. 

 

It is important to recognize that HQ values are not absolute measures of risk, nor are they 

measures of actual risk; rather, they are most appropriately considered as indicators of 

potential human health risk which enable the following:  

 

 Comparisons of potential adverse health effects between COPCs and between 

different exposure scenarios (e.g., different study area-specific conditions, different 

communities; different dietary patterns and habits); 

 Estimation of potential adverse health effects from exposures to mixtures of COPCs 

that may elicit similar effects in organs, tissues or cells (e.g., all chemicals that cause 

liver toxicity, all chemicals that cause respiratory irritation effects); and, 

 Simplification of the communication of HHRA results. 

 

Other considerations that are often important when interpreting HQ values include 

the influence of other potential sources of COPC exposure, and the impact of uncertainty, 

variability, data gaps, and the assumptions made in the Problem Formulation, Exposure 

Assessment and Hazard (Toxicity) Assessment steps, on the magnitude of the HQs. 

 

The outcomes of risk characterization may lead to various recommendations towards 

managing or mitigating exposures and risks, developing monitoring programs, refining risk 

estimates, and reducing uncertainty through such means as further data collection, or the 

application of more sophisticated HHRA approaches (e.g., advanced statistical methods; 

application of probabilistic exposure modelling approaches), where applicable.  
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2.6.3 Consideration of Chemical Mixtures and Potential Toxicological Interactions 

While MeHg and inorganic Hg are the only COPCs evaluated in the current HHRA, it is 

important to acknowledge that people living within the LCHGP study area would incur 

potential exposures to numerous other substances at the same time that they would incur 

exposures to MeHg and inorganic Hg. The following paragraphs briefly discuss the concept of 

exposure to chemical mixtures and the potential toxicological interactions that may occur. 

 

Further review and discussion of toxicological interactions of MeHg and inorganic Hg with 

other chemicals that occur in country and store-bought food items is planned for a 

forthcoming consumption advisory protocol and program.  

 

Most HHRAs evaluate health risks related to COPCs on an individual chemical basis. However, 

humans are invariably exposed to complex mixtures of substances, rather than to single 

substances. Concurrent exposures to multiple chemicals may result in toxicological interactions 

of these chemicals at target sites in the body. These interactions may result in a combined 

toxicity that is equal to the sum of the toxicities of the individual chemicals (additivity), greater 

than the sum (synergism or potentiation), or less than the sum (antagonism or inhibition). 

Definitions for the specific types of toxicological interactions that may occur are as follows 

(ATSDR, 2004): 

 

 Additivity (1 + 1 = 2): when the effect of the mixture can be estimated from the sum of 

the exposure levels (weighted for potency), or the effects of the individual components. 

 No apparent influence (1 + 0 = 1): when a component which is not toxic to a particular 

organ system does not influence the toxicity of a second component on that organ 

system. 

 Synergism (1 + 1 = 3): when the effect of the mixture is greater than additive on the 

basis of the toxicities of the components. 

 Potentiation (1 + 0 = 2): when a component that does not have a toxic effect on an 

organ system increases the effect of a second chemical on that organ system. 

 Antagonism (1 + 1 = <2): when the effect of the mixture is less than additive on the basis 

of the toxicities of the components. 

 Inhibition (1 + 0 = <1): when a component that does not have a toxic effect on a certain 

organ system decreases the apparent effect of a second chemical on that organ system. 

 Masking (1 + 1 = <1): when the components produce opposite or functionally competing 

effects on the same organ system, and diminish the effects of each other, or one 

overrides the effect of the other. 

 

Toxicological interactions between chemicals may alter the overall absorption, toxicokinetics, 

toxicodynamics, and toxicity of a given COPC or group of COPCs (Newman et al., 2004), and are 

an important consideration in HHRAs, as the type of interaction(s) may increase or decrease 
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the bioavailability and/or the toxicity of chemicals present in food items or environmental 

media. 

 

The likelihood of a biologically significant interaction occurring is a function of at least the 

physical, chemical and biological properties of the chemicals involved, their modes of toxic 

action, and their environmental media or food item concentrations. Most greater than additive 

interactions (e.g., synergism, potentiation) can only be demonstrated at high exposure rates, 

where clear adverse effects are observed. Such interactions have not been observed or 

quantified at the relatively low rates of exposure typical of those associated with most 

environmental or occupational situations, and are therefore not typically considered in HHRAs. 

Additivity is generally recognized as the most plausible type of interaction that may occur in 

situations of chemical exposure via the diet or within the ambient environment. However, 

additivity requires that the chemicals act through the same or similar mechanism of action 

and/or affect the same target organs or tissues. In HHRAs where the COPCs are known to act 

via different mechanisms of toxic action, and affect different target organs or tissues, it is 

typically assumed that no potential toxicological interactions warrant consideration, and the 

estimated exposures and risks for the COPCs are considered separately. 

 

For most chemicals, interactions data is very limited within the scientific literature, such that it 

is difficult to determine (with confidence) the type, direction and magnitude of interaction that 

may occur between two or more chemicals in a HHRA. For most chemicals, available 

interactions data (if it exists at all) are limited to studies of binary (two substance) mixtures, 

effects on relatively few organs or biological systems, animal studies (with very few human 

studies to corroborate findings), and are frequently based on acute duration studies, some of 

which utilized environmentally irrelevant routes of exposure (such as intravenous, 

subcutaneous or intraperitoneal administration) (ATSDR, 2004). Furthermore, many of the 

available interactions studies have methodological limitations that make it difficult to clearly 

ascertain the potential for interactions, and/or have produced conflicting results. Thus, there is 

little information available to apply towards understanding situations of low-level long-term 

exposure to complex chemical mixtures in the diet or environmental media (ATSDR, 2004; 

Krishnan and Brodeur, 1994). Further complicating the assessment of toxicological interactions 

is the fact that the vast majority of toxicity reference values and health-based benchmarks are 

derived for individual substances, and do not account at all for concurrent exposures to other 

substances. Overall, the available interactions data at this time, for most chemicals, is 

inadequate for quantitative or even qualitative incorporation into HHRAs. 

 

Recognizing these data limitations, many regulatory agencies recommend that HHRAs evaluate 

the individual substances that have been identified as COPCs, and then determine whether or 

not the calculated risks for the individual COPCs in the mixture could reasonably be considered 

additive. This determination is based on the health effects associated with each COPC that are 
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the basis of the COPC TRVs. As shown in Table 2, the COPCs that were evaluated in the HHRA 

(MeHg and inorganic Hg) produce different critical effects in different organ systems. Thus, it is 

not toxicologically appropriate to sum risk estimates for MeHg and inorganic Hg.  

 

It has been demonstrated in the scientific literature that MeHg and inorganic Hg interact with a 

number of other substances in ways that may reduce Hg absorption and toxicity in exposed 

humans. For example, it has been established that nutrient metal cations (especially Ca, Fe, Zn) 

can reduce the absorption and toxicity of various inorganic Hg compounds and MeHg (ATSDR, 

1999). Mercury compounds also have a well characterized antagonistic interaction with 

selenium compounds (ATSDR, 1999; 2013) wherein selenium can markedly reduce the 

absorption and toxicity of Hg compounds. There is also growing evidence that PUFA in fish and 

other seafood products can counteract the toxic effects of MeHg to some degree (ATSDR, 

2013). Section 2.5.1.1 previously noted some other substances, which are commonly present 

in many foods and beverages, which can reduce the gastrointestinal absorption of THg and 

MeHg by reducing bioaccessibility.  

 

While the state of the science for MeHg and inorganic Hg toxicological interactions is not 

developed enough to be able to quantify or predict the direction and magnitude of the 

interactions, the available data suggests that the uptake of MeHg and inorganic Hg from foods, 

and the potential human health effects that may result from such uptake, are likely lower/less 

than what is predicted in the current HHRA.  

 

Further details on potential interactions of MeHg and inorganic Hg with substances present in 

common food and beverage items are planned for a forthcoming consumption advisory 

protocol and program.  

 

3.0 Human Health Risk Assessment Results 

The results of the final baseline HHRA are presented in this section as outcomes of each main 

LOE that was evaluated or considered in the HHRA (as previously provided in Section 2.6). The 

HHRA results presentation generally follows the same order of LOEs as presented in Section 

2.6.  

3.1 Hazard Quotients – Inorganic Mercury (Hg) 

Table 4 presents a summary of the calculated HQ values for inorganic Hg, for each assessed 

receptor, within each of the assessed HHRA exposure/consumption scenarios (i.e., by LCHGP 

study area community). These HQ values are also presented in Appendix B.  
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TABLE 4:   SUMMARY OF INORGANIC Hg HAZARD QUOTIENTS (HQs) FOR LCHGP STUDY AREA 
EXPOSURE/CONSUMPTION SCENARIOS (COMMUNITIES) 

Human 
Receptor Type 

Churchill Falls 
(CF) 

Happy Valley-
Goose Bay 

(HVGB) 

Sheshatshiu 
(SH) 

North West 
River (NWR) 

Mud Lake (ML) 

M Toddler 0.017 0.017 0.015 0.10 0.10 

M Child 0.026 0.043 0.022 0.066 0.066 

M Teen 0.022 0.036 0.018 0.051 0.051 

M Adult 0.022 0.14 0.019 0.15 0.15 

F Toddler 0.018 0.018 0.016 0.11 0.11 

F Child 0.027 0.044 0.023 0.068 0.068 

F Teen 0.025 0.041 0.021 0.058 0.058 

F Adult 0.026 0.16 0.023 0.18 0.18 

Notes: 
M=Male; F=Female.  
HQ values are rounded to two significant figures. 
Bolded values indicate exceedance of target HQ value of 1.0. 

 

As shown in Table 4, the calculated HQs for inorganic Hg (for all human receptors in all study 

area communities) were well below the target HQ value of 1.0. HQ values were highest in NWR 

and ML, though still well below the target HQ value. These risk estimates are considered to be 

substantial overestimates given the numerous conservative assumptions in the HHRA that 

tended to overestimate inorganic Hg exposure and risk (See Sections 3.4 and 4.0). Overall, the 

HQ values in Table 4 are suggestive of a negligible potential for human health risk among 

residents of the LCHGP study area communities.  

3.2 Hazard Quotients – Methylmercury (MeHg) 

Table 5 presents a summary of the calculated HQ values for MeHg, for each assessed receptor, 

within each of the assessed HHRA exposure/consumption scenarios (i.e., by LCHGP study area 

community). These HQ values are also presented in Appendix B. A worked example of MeHg 

exposure and risk calculations (including HQ determination) is provided in Appendix C.  

 

TABLE 5:  SUMMARY OF METHYLMERCURY (MeHg) HAZARD QUOTIENTS (HQs) FOR LCHGP STUDY 
AREA EXPOSURE/CONSUMPTION SCENARIOS (COMMUNITIES) 

Human 
Receptor Type 

Churchill Falls 
(CF) 

Happy Valley-
Goose Bay 

(HVGB) 

Sheshatshiu 
(SH) 

North West 
River (NWR) 

Mud Lake (ML) 

M Toddler 

HQ1 = 0.91 HQ1 = 1.3 HQ1 = 1.0 HQ1 = 1.5 HQ1 = 1.5 

HQ2 = NA HQ2 = NA HQ2 = NA HQ2 = NA HQ2 = NA 

HQ3 = 0.45 HQ3 = 0.64 HQ3 = 0.50 HQ3 = 0.77 HQ3 = 0.77 

M Child HQ1 = 1.4 HQ1 = 1.5 HQ1 = 1.4 HQ1 = 1.6 HQ1 = 1.6 
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Human 
Receptor Type 

Churchill Falls 
(CF) 

Happy Valley-
Goose Bay 

(HVGB) 

Sheshatshiu 
(SH) 

North West 
River (NWR) 

Mud Lake (ML) 

HQ2 = NA HQ2 = NA HQ2 = NA HQ2 = NA HQ2 = NA 

HQ3 = 0.72 HQ3 = 0.77 HQ3 = 0.71 HQ3 = 0.80 HQ3 = 0.80 

M Teen 

HQ1 = 0.76 HQ1 = 1.2 HQ1 = 0.95 HQ1 = 1.2 HQ1 = 1.2 

HQ2 = 0.16 HQ2 = 0.25 HQ2 = 0.20 HQ2 = 0.25 HQ2 = 0.25 

HQ3 = NA HQ3 = NA HQ3 = NA HQ3 = NA HQ3 = NA 

M Adult 

HQ1 = 1.1 HQ1 = 2.5 HQ1 = 2.1 HQ1 = 2.5 HQ1 = 2.5 

HQ2 = 0.24 HQ2 = 0.53 HQ2 = 0.44 HQ2 = 0.54 HQ2 = 0.54 

HQ3 = NA HQ3 = NA HQ3 = NA HQ3 = NA HQ3 = NA 

F Toddler 

HQ1 = 0.97 HQ1 = 1.4 HQ1 = 1.1 HQ1 = 1.6 HQ1 = 1.6 

HQ2 = NA HQ2 = NA HQ2 = NA HQ2 = NA HQ2 = NA 

HQ3 = 0.49 HQ3 = 0.68 HQ3 = 0.54 HQ3 = 0.82 HQ3 = 0.82 

F Child 

HQ1 = 1.5 HQ1 = 1.6 HQ1 = 1.5 HQ1 = 1.7 HQ1 = 1.7 

HQ2 = NA HQ2 = NA HQ2 = NA HQ2 = NA HQ2 = NA 

HQ3 = 0.75 HQ3 = 0.79 HQ3 = 0.73 HQ3 = 0.83 HQ3 = 0.83 

F Teen 

HQ1 = 0.87 HQ1 = 1.3 HQ1 = 1.1 HQ1 = 1.4 HQ1 = 1.4 

HQ2 = 0.18 HQ2 = 0.28 HQ2 = 0.23 HQ2 = 0.29 HQ2 = 0.29 

HQ3 = 0.43 HQ3 = 0.65 HQ3 = 0.54 HQ3 = 0.68 HQ3 = 0.68 

F Adult 

HQ1 = 1.4 HQ1 = 3.0 HQ1 = 2.5  HQ1 = 3.0 HQ1 = 3.0 

HQ2 = 0.29 HQ2 = 0.63 HQ2 = 0.53 HQ2 = 0.64 HQ2 = 0.64 

HQ3 = 0.68 HQ3 = 1.5 HQ3 = 1.2 HQ3 = 1.5 HQ3 = 1.5 

Infant with F 
Teen Mother 

HQ1 = 1.7 HQ1 = 2.6 HQ1 = 2.1 HQ1 = 2.6 HQ1 = 2.6 

HQ3 = 0.8 HQ3 = 1.3 HQ3 = 1.1 HQ3 = 1.3 HQ3 = 1.3 

Infant with F 
Adult Mother 

HQ1 = 2.7 HQ1 = 5.8 HQ1 = 4.9 HQ1 = 5.9 HQ1 = 5.9 

HQ3 = 1.3 HQ3 = 2.9 HQ3 = 2.4 HQ3 = 2.9 HQ3 = 2.9 

Notes: 
M=Male; F=Female.  
HQ values are rounded to two significant figures. 
Bolded values indicate exceedance of target HQ value of 1.0. 
HQ1 refers to HQ based on use of the U.S. EPA (2001a,b) and NRC (2000) TRV (See Table 2). 
HQ2 refers to HQ based on use of the Health Canada (2010c; 2007) TRV for the general adult population 
(See Table 2). This TRV was also applied to M and F teen receptors (>12 to <20 years).  
HQ3 refers to HQ based on use of the Health Canada (2010c; 2007) TRV for women of child-bearing age 
(considered to be both teen and adult life stages) and children <12 years of age (See Table 2). 
NA=not applicable for a given receptor; due to application of the gender and age-specific TRVs for MeHg 
from Health Canada.  

 

As shown in Table 5, the calculated HQs for MeHg ranged from 0.2 to approximately 6. MeHg 

HQ values were slightly higher in NWR and ML, relative to the other study area communities, 

but the differences between communities were generally not substantial. As expected, the 
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highest HQs were those that were calculated using the TRV derived by the U.S. EPA (2001a,b) 

and NRC (2000). This is currently the lowest available regulatory TRV for MeHg and it is 

protective of all human life stages. Use of this TRV (relative to the two Health Canada TRVs) 

resulted in a higher frequency of exceedance of calculated HQs over the target HQ of 1.0. 

Conversely, use of the two Health Canada TRVs resulted in calculated HQs that had a much 

lower frequency of exceedance over the target HQ of 1.0. 

 

The HQ values presented in Table 5 are considered to represent substantial overestimates of 

potential human health risk given the numerous conservative assumptions in the HHRA that 

tended to exaggerate and overestimate MeHg exposure and risk (See Sections 3.4 and 4.0). 

 

Overall, the HQ values in Table 5 are suggestive of a negligible to low potential for human 

health risk among residents of the LCHGP study area communities. These HQs are in the range 

of what was reported in the Golder (2011) interim baseline HHRA for the LCHGP (where 

calculated HQs ranged from 0.06 to 11) and in other baseline HHRAs of hydroelectric projects 

near northern communities (e.g., baseline MeHg HQs for the Keeyask project in Manitoba 

(Wilson, 2013) ranged from 0.4 to 5). 

3.3 Relative Exposure Contributions  

The outcomes for this LOE involve describing the relative exposure contributions of the 

assessed exposure pathways and food items in the HHRA to total MeHg and inorganic Hg 

exposure for the assessed human receptors. Outcomes of this LOE also describe the relative 

proportion of MeHg and inorganic Hg exposure that is attributed to country food consumption 

versus market basket (store-bought) food consumption within each of the assessed 

exposure/consumption scenarios in the LCHGP study area communities.  

3.3.1 Inorganic Hg Relative Exposure Contributions 

Bar graphs showing the relative inorganic Hg exposure contributions for the assessed exposure 

pathways and food items are presented in Appendix B for each of the assessed 

exposure/consumption scenarios. These graphs are only presented for the human receptors 

with the highest inorganic Hg exposures and risks in their respective study area communities. 

Relative inorganic Hg exposure contributions for other human receptors are not presented but 

would be very similar to those presented for the receptors with the highest inorganic Hg 

exposure and risk in each community. 

 

A summary of the relative exposure contribution information for inorganic Hg follows. 

 

  

CIMFP Exhibit P-00271 - Appendix O - 44 Page 154



 
Final Baseline HHRA 
October 2016 –12-6331-7000 

141 

 

Churchill Falls (CF) 

 The female child receptor had the highest inorganic Hg exposure rate and HQ. 

 The food item with the highest inorganic Hg exposure rate and the highest relative 

per cent contribution to total inorganic Hg exposure was lobster meat (37.5%). 

Mussels were the food item with the next highest inorganic Hg exposure rate and 

relative per cent contribution to total inorganic Hg exposure (9.9%). 

 17% of total inorganic Hg exposure was from country food consumption. 

 83% of total inorganic Hg exposure was from market basket (store-bought) food 

consumption. 

 

Happy Valley-Goose Bay (HVGB) 

 The female adult receptor had the highest inorganic Hg exposure rate and HQ. 

 The food item with the highest inorganic Hg exposure rate and the highest relative 

per cent contribution to total inorganic Hg exposure was ringed seal liver (98.3%). 

 87% of total inorganic Hg exposure was from country food consumption. 

 13% of total inorganic Hg exposure was from market basket (store-bought) food 

consumption. 

 

Sheshatshiu (SH) 

 The female child receptor had the highest inorganic Hg exposure rate and HQ. 

 The food item with the highest inorganic Hg exposure rate and the highest relative 

per cent contribution to total inorganic Hg exposure was lobster meat (43.6%). 

Mussels were the food item with the next highest inorganic Hg exposure rate and 

relative per cent contribution to total inorganic Hg exposure (11.6%). 

 3.8% of total inorganic Hg exposure was from country food consumption. 

 96.2% of total inorganic Hg exposure was from market basket (store-bought) food 

consumption. 

 

North West River (NWR) and Mud Lake (ML) 

 The female adult receptor had the highest inorganic Hg exposure rate and HQ. 

 The food item with the highest inorganic Hg exposure rate and the highest relative 

per cent contribution to total inorganic Hg exposure was ringed seal liver (77%). 

 88% of total inorganic Hg exposure was from country food consumption. 

 12% of total inorganic Hg exposure was from market basket (store-bought) food 

consumption. 

 

Clearly, whether or not ringed seal liver is consumed makes a significant difference with 

respect to inorganic Hg relative exposure contributions. This is not surprising as ringed seal 

liver is known to be elevated in inorganic Hg, as shown by study area aquatic EEM data 

(Appendix B) and as demonstrated in numerous studies in the literature (see Section 2.5.1.2). 
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3.3.2 MeHg Relative Exposure Contributions 

Bar graphs showing the relative MeHg exposure contributions for the assessed exposure 

pathways and food items are presented in Appendix B for each of the assessed 

exposure/consumption scenarios. These graphs are only presented for the human receptors 

with the highest MeHg exposures and risks in their respective study area communities. Relative 

MeHg exposure contributions for other human receptors are not presented but would be very 

similar to those presented for the receptors with the highest MeHg exposure and risk in each 

community. 

 

A summary of the relative exposure contribution information for MeHg follows. 

 

Churchill Falls (CF) 

 The female child receptor had the highest MeHg exposure rate and HQ. 

 The food items with the highest MeHg exposure rates and highest relative per cent 

contribution to total MeHg exposure were Arctic char (27.8%), cod (21.9%), and 

canned tuna (11.3%). 

 18% of total MeHg exposure was from country food consumption. 

 82% of total MeHg exposure was from market basket (store-bought) food 

consumption. 

 

Happy Valley-Goose Bay (HVGB) 

 The female adult receptor had the highest MeHg exposure rate and HQ. 

 The food items with the highest MeHg exposure rates and highest relative per cent 

contribution to total MeHg exposure were wild bird eggs (39%), cod (13%), and ringed 

seal liver (9.4%). 

 68% of total MeHg exposure was from country food consumption. 

 32% of total MeHg exposure was from market basket (store-bought) food 

consumption. 

 

Sheshatshiu (SH) 

 The female adult receptor had the highest MeHg exposure rate and HQ. 

 The food items with the highest MeHg exposure rates and highest relative per cent 

contribution to total MeHg exposure were wild bird eggs (46.3%), cod (15.1%), and 

lake trout (8.4%). 

 62% of total MeHg exposure was from country food consumption. 

 38% of total MeHg exposure was from market basket (store-bought) food 

consumption. 
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North West River (NWR) and Mud Lake (ML) 

 The female adult receptor had the highest MeHg exposure rate and HQ. 

 The food items with the highest MeHg exposure rates and highest relative per cent 

contribution to total MeHg exposure were wild bird eggs (38%), cod (12.4%), and 

ringed seal liver (9.3%). 

 68% of total MeHg exposure was from country food consumption. 

 32% of total MeHg exposure was from market basket (store-bought) food 

consumption. 

 

The high relative per cent contribution to total MeHg exposure from wild bird egg consumption 

in HVGB, SH, NWR and ML is believed to reflect a substantial overestimate of the amount of 

MeHg exposure that would likely be incurred via this exposure pathway. While included in the 

final baseline HHRA due to community concerns about the safety of this country food item, the 

consumption of wild bird eggs was reported to be quite rare among baseline DS participants 

with <10% of participants (i.e., 15 individuals in total comprising roughly 5% of participants) 

reporting harvesting and consumption of wild bird eggs. Wild bird egg harvesting was found to 

be mostly limited to the communities of NWR and ML, although some DS participants from SH 

also reported occasional wild bird egg harvesting and consumption.  

 

Wild bird egg harvesting and consumption also only occurs in the summer months, as eggs are 

not easily preserved or stored for later consumption. However, the HHRA conservatively 

assumed that wild bird egg harvesting occurs throughout the year at the consumption rates 

and frequencies reported by DS participants. 

 

The assumed MeHg proportion of THg in wild bird eggs was also likely overestimated. The 

HHRA assumed that 100% of the THg in eggs is MeHg. While this is likely accurate and realistic 

for piscivorous bird eggs (such as ducks, mergansers), it is likely not the case for the eggs of 

harvested herbivorous birds such as the Canada Goose. 

 

The uncertainties and conservatism related to estimates of MeHg exposure via wild bird egg 

consumption are further described in Section 4.0. 

3.4 Consideration of the Impact of Conservative Assumptions, Uncertainty 
and Data Variability Within the HHRA on Human Health Risk Estimates 

The major areas of uncertainty, variability and conservatism within the HHRA are presented 

and described in Section 4.0.  

 

Due to a number of uncertainties and data variability, the HHRA utilized many conservative 

assumptions and approaches in the exposure and hazard assessment steps, which resulted in a 

highly conservative and protective HHRA that intentionally overestimated human exposure to 
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MeHg and inorganic Hg within the LCHGP study area communities, by a substantial degree. The 

approaches and assumptions that overestimated potential human exposure to MeHg and 

inorganic Hg resulted in substantial overestimates of potential human health risk as well.  

 

While the magnitude of some of the HQ values for MeHg (Table 5) suggests there could be a 

potential for health concerns with respect to some human receptors within the study area 

communities, this must be balanced against the conservative assumptions and approaches 

used to estimate exposure and risk, as well as against the other LOEs evaluated in the HHRA.  

 

Intentionally overestimating exposure and risk is a common and necessary feature of all HHRAs, 

and is in keeping with a number of standard regulatory precautionary approaches and guiding 

principles used routinely in risk assessments and environmental impact assessments. All 

regulatory sources of HHRA guidance (including those applied herein) strongly advocate 

conservative and precautionary approaches and assumptions that will overestimate exposures 

and risks. In any HHRA, there are always a number of sources of uncertainty, and the data 

assessed in a HHRA often display a high degree of variability. These inherent features of HHRA 

necessitate the use of conservative assumptions in the estimation of human exposures and 

health risks. It is quite common in HHRAs that the use of conservative assumptions and 

approaches results in overestimation of exposures and risks by at least one to two orders of 

magnitude above what could be reasonably expected to occur. 

 

When characterizing and interpreting human health risk estimates (such as HQ values), it is 

critical that the degree of conservatism applied throughout a HHRA be carefully considered 

during the interpretation of risk estimates. If HHRA conservatism is not adequately taken into 

account when interpreting the significance of HQ values (or other types of risk estimates), 

there is a potential that costly and unnecessary risk management or corrective actions may be 

recommended or taken. Unnecessary risk management or mitigative actions can sometimes 

inadvertently have effects that are more harmful than the potential human health risks that 

were originally evaluated in a HHRA (e.g., recommending that a food not be consumed when 

that food item, in fact, has numerous nutritional benefits that likely more than offset potential 

health risks due to chemical contamination of that food item). In addition, failing to account for 

the conservative approaches and assumptions used in HHRA can lead to risk communication 

challenges wherein the affected communities or parties may become fearful of certain areas, 

activities or food items, when there is actually no basis for such fears and concerns. Such fears 

and concerns may lead to situations of psychosocial stress which can manifest as potentially 

serious health effects that include various stress and anxiety disorders. Such effects are not 

directly related to chemical exposure but can be created by the overall situation of concerns 

regarding chemical exposure.  
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3.5 Potential Impact of Key Toxicological Interactions on Human Health Risk 
Estimates and Consideration of the Health Benefits of Consuming 
Country Foods of Aquatic Origin 

The potential impact of key toxicological interactions on predicted human health risk estimates, 

and the relationship of predicted risk estimates (due to Hg contamination of country food 

items) to the well known health benefits of consuming locally harvested country foods (such as 

fish, seal and game species), are always important considerations in HHRAs that focus on 

dietary sources of chemical exposure. 

 

As previously noted in Sections 2.5.1.1 and 2.6.3, there is strong and growing evidence in the 

scientific literature that MeHg and inorganic Hg can interact with a number of other substances 

present in country and market basket foods in ways that may reduce their absorption and 

toxicity. For example, it has been established that nutrient metal cations (especially Ca, Fe, Zn) 

can reduce the absorption and toxicity of various inorganic Hg compounds and MeHg (ATSDR, 

1999). Mercury compounds also have a well characterized antagonistic interaction with 

selenium compounds (ATSDR, 1999; 2013) wherein selenium can markedly reduce the 

absorption and toxicity of Hg compounds. There is also growing evidence that PUFA in fish and 

other seafood products can counteract the toxic effects of MeHg to some degree (ATSDR, 

2013). Section 2.5.1.1 previously noted some other substances, which are commonly present 

in many foods and beverages, that can reduce the gastrointestinal absorption of THg and 

MeHg by reducing bioaccessibility.  

 

Numerous reviews and studies in the scientific literature describe and discuss the many well 

known health and nutritional benefits of consuming country foods that are of aquatic origin 

(e.g., IOM, 2007; AMAP, 2015; 2011; ATSDR, 2013; EFSA, 2015; 2014; 2012a; FAO/WHO, 2011; 

Dellinger and Ripley, 2016; Mozaffarian and Rimm, 2006; Ginsberg et al., 2015; Van Oostdam 

et al., 2005; Mahaffey et al., 2011; Seabert et al., 2014; Chapman and Chan, 2000; Laird et al., 

2013; Liu et al, 2012; Oken et al., 2012). Such studies and reviews indicate that there are 

potentially a number of substances of high nutritional value, commonly present in country 

food items, that may mitigate or off-set to varying degrees, the absorption and toxicity of 

MeHg and inorganic Hg.  

 

While the state of the science for MeHg and inorganic Hg toxicological interactions is not 

developed enough to be able to quantify or reliably predict the direction and magnitude of the 

interactions, the available data suggests that the uptake of MeHg and inorganic Hg from foods, 

and the potential human health effects that may result from such uptake, are likely lower/less 

than what is predicted in the current HHRA. The status of the science on balancing the health 

and nutritional benefits of certain food items against the potential adverse health effects of 

MeHg and other chemical contaminants that may occur in the same food items, is also not 

quite established enough yet to be able quantify such interactions in a HHRA. However, there 
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is considered to be a high likelihood that a number of substances present in country and 

market basket foods, many of which are of high nutritional value, can reduce or possibly even 

counteract both the absorption and toxicity of MeHg and inorganic Hg.  

 

Thus, the presence of such substances in both country and market basket foods would act to 

reduce MeHg and inorganic Hg exposures and risks relative to those estimated in the final 

baseline HHRA. Furthermore, it is considered that the nutritional and health benefits of 

consuming country foods (including fish, seal meat/organs, wild bird eggs, game bird and 

mammal meats and organs etc.) outweighs the negligible to low MeHg and inorganic Hg 

exposure and risk levels that were estimated for communities within the LCHGP study area (as 

shown by other LOEs such as HQs, measured and predicted hair MeHg and THg concentrations, 

predicted blood MeHg concentrations).  

 

Further details on potential interactions of MeHg and inorganic Hg with substances present in 

common food and beverage items, and the issues involved in trying to balance the health 

benefits of certain food items against the potential human health risks that may arise due to 

Hg contamination of such food items, are planned for a forthcoming consumption advisory 

protocol and program.  

3.6 Evaluation of Measured Hair THg and MeHg Data and Comparisons to 
Regulatory Toxicological Guidelines for THg/MeHg in Hair 

Golder (2015) presented detailed results of the human hair sampling and analytical program 

that comprised the baseline HBP. Selected results of the HBP (from Golder, 2015) are 

summarized below. 

 

 Hair THg concentrations in the 293 participants ranged from less than laboratory 

detection limits (<0.004 mg/kg ww) to 4.34 mg/kg ww.  

 Statistical analyses of the collected hair THg and MeHg data indicated the following: 

o Hair THg concentrations in HBP participants from ML and NWR tended to be 

higher relative to those in participants from CF, HVGB, and SH. This may reflect 

DS results which showed slightly higher rates of country food consumption in 

NWR and ML relative to the other LCHGP study area communities.  

o Males had higher hair THg concentrations than females. Mean THg 

concentrations in hair were significantly higher in male HBP participants than 

in females. 

o Mean hair THg concentrations in age groups 1-4 years, 5-11 years, and 12-19 

years were not significantly different from each other, but all three of these 

groups had significantly lower hair THg concentrations than the >20 years age 

group. Thus, THg concentrations in hair were fairly consistent and similar in 

HBP participants aged less than 20 years, but were significantly higher in 
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participants that were >20 years old. These results indicate that the most 

sensitive age groups with respect to MeHg effects (i.e., developing fetus, 

infants, young children) are not currently incurring Hg exposures at rates that 

would suggest a potential health concern.  

 Of the 19 reanalyzed hair samples (3 cm lengths) that had the highest reported full 

length THg concentrations (which were all from adult participants, and mostly males, 

from CF, HVGB, and NWR; THg concentration range of 1.14 to 4.34 mg/kg ww), 

statistical analyses showed that the arithmetic mean THg concentration in the 

reanalyzed 3 cm length hair samples for these participants was not significantly 

different from the initially measured mean hair THg concentration in the full length 

hair samples. This suggests that THg exposures were similar for both the previous 

three months of exposure prior to hair collection (as represented by the 3 cm hair 

length) and the longer duration represented by the full hair lengths. The THg 

concentration range in the 19 reanalyzed hair samples was 0.7 to 4.9 mg/kg ww. 

 In thirty (30) random hair subsamples analyzed for MeHg, the MeHg concentrations 

ranged from less than method detection limits (i.e., <0.004 mg/kg ww) to 0.542 mg/kg 

ww. All hair samples analyzed for MeHg were from female study participants, because 

of surplus hair mass available for analysis, relative to males. Hair MeHg results are not 

available from Mud Lake participants because the Mud Lake DS and HBP was 

administered at a later date than the four other study area communities, and the 10% 

target for hair MeHg subsamples had already been met prior to the Mud Lake DS and 

HBP.  

 Statistical analyses showed that mean hair MeHg concentrations for the study area 

community participants were not significantly different from each other with the 

exception that HVGB participants had a significantly higher mean hair MeHg 

concentration when compared to SH. Given the relatively small sample size for MeHg 

hair concentration data and the lack of samples from male HBP participants, statistical 

comparisons by age group and gender could not be conducted.  

 Detailed or advanced statistical analyses of hair THg and MeHg data (such as 

regression analysis) were not conducted due to the fact that baseline HBP participants 

were volunteers (and necessarily so), rather than randomly selected subjects. Thus, 

some statistical test assumptions would be violated. This issue has been noted 

previously in studies of First Nations Hg exposure from fish and game consumption 

(e.g., EAGLE Project, 2001), where advanced statistical analyses of the hair THg data 

were also not conducted for the same reasons. 

 While there was some variability noted in the 30 hair samples that underwent both 

THg and MeHg analysis, the average MeHg proportion of THg in hair was 66%. This is 

somewhat lower than literature values reported for populations that have a relatively 

high rate of fish and other aquatic country food consumption (e.g., 80% as reported by 

Cernichiari et al., 1995; 85% to >90% as reported in UNIDO, 2004). Populations with 
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low rates of fish and other aquatic country food item consumption would be expected 

to have most of the THg in hair comprised of inorganic Hg (Berglund et al., 2005). 

 Summary figures showing the distribution of hair THg concentrations by study area 

community, gender and age class are provided in Golder (2015).  

3.6.1 Measured Hair THg and MeHg Data Versus Regulatory Toxicological Guidelines for 
THg/MeHg in Hair 

The regulatory toxicological guidelines that were compared against the measured THg and 

MeHg study area hair data are those provided in Legrand et al., (2010). These values represent 

Health Canada’s current and harmonized hair guidelines for THg and MeHg (Health Canada, 

2015, personal communication, Dr. Harold Schwartz, Manager, Chemical Safety of Traditional 

Foods), and are the most appropriate values to apply when assessing MeHg or THg within 

Canada. The guideline values presented in Legrand et al., (2010) apply equally to THg or MeHg 

in hair, although they are based on studies and models (i.e., the WHO one compartment 

toxicokinetic model) that focused on and/or are specific to, MeHg. All current Health Canada 

hair guideline values are based on blood guidance values (in µg/L) that were converted to hair 

concentrations (mg/kg ww) using the blood to hair conversion factor of 250 (described 

previously in Section 2.4.4). 

 

Table 6 presents both the Health Canada blood and hair guidance values for MeHg/THg as 

reported in Legrand et al., (2010).  

 

TABLE 6:   HEALTH CANADA BLOOD AND HAIR GUIDANCE VALUES FOR MeHg/THg (LEGRAND ET AL., 
2010)  

Age-Sex Category 
Blood Guidance Values; µg/L 
(Hair Guidance Values; mg/kg 

ww) 

Recommended Medical Follow-
up (general guidance) 

Pregnant F; F 0-49 yrs; M≤18 yrs <8 (<2) None required. 

Pregnant F; F 0-49 yrs; M≤18 yrs 
8-40 (2-10

a
) 

 

Repeat hair or blood test in 6 
months; provide dietary advice to 
reduce potential MeHg exposure 

Pregnant F; F 0-49 yrs; M≤18 yrs >40 (>10
a
) 

 Repeat blood and/or hair test 
immediately; meet with public 
health professional to review 
personal exposure history to 

identify sources of MeHg in diet 
and provide dietary advice  

F≥50 yrs; M >18 yrs <20 (<5
b
) None required 

F≥50 yrs; M >18 yrs 20-100 (5-25) 
Repeat hair or blood test in 6 

months; provide dietary advice to 
reduce potential MeHg exposure 

F and M of any age >100 (>25) 
 Repeat blood and/or hair test 
immediately; meet with public 
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Age-Sex Category 
Blood Guidance Values; µg/L 
(Hair Guidance Values; mg/kg 

ww) 

Recommended Medical Follow-
up (general guidance) 

health professional to review 
personal exposure history to 

identify sources of MeHg in diet 
and provide dietary advice; 

medical neurological examination 

Notes: 
F=female; M=male; ww =wet weight; yrs =years.  
a  10 mg/kg ww in hair and 40 µg/L in blood is the point of departure for the current Health Canada 

TRV (a provisional TDI) of 0.2 µg/kg BW/day for women of child-bearing age and children <12 years. 
A THg concentration of 10 mg/kg ww in maternal hair and 40 µg/L in maternal blood was not 
associated with adverse health effects on the developing fetus and is considered to be a no 
adverse effect level (NOAEL). This TRV was developed using the WHO one compartment 
toxicokinetic model to convert the maternal blood concentration NOAEL to a NOAEL dose. A 5-fold 
uncertainty factor was then applied to account for inter-individual variability. Legrand et al., (2010) 
note that while clinical effects are unlikely to be observed at hair THg levels of 10 mg/kg ww, or 
blood THg concentrations of 40 µg/L, subjects with such THg hair or blood levels are encouraged to 
seek guidance from public health professionals to prevent blood and hair levels from increasing 
further. 

b In some Health Canada programs (such as FNFNES) 6 mg THg/kg ww hair is also used as the hair 
guidance value. It is also based on a 20 µg/L blood concentration but was converted to a hair 
concentration using a blood to hair conversion factor of 300, rather than the factor of 250 which is 

more commonly used in current Health Canada programs.  
 

Legrand et al., (2010) also note that hair THg levels >30 mg/kg ww (corresponding to blood THg 

levels of 100 µg/L) indicate individuals that are potentially “at risk”, such that neurological 

examination of such individuals would be warranted. 

 

Other regulatory agencies besides Health Canada have also developed hair and blood 

toxicological guidelines for THg or MeHg at varying levels of protection or risk. Golder (2015) 

cites some additional hair threshold values for THg that have been used in Canada and other 

countries. These hair thresholds (which are associated with minor or no neurological effects in 

human populations) range from as low as 1 mg/kg ww to 15 mg/kg ww. Golder (2015) also 

cited some hair threshold values that have been used within the hydroelectric industry. For 

example, Hydro Quebec (http://www.hydroquebec.com/sustainable-

development/documentation-center/mercury-and-fish-consumption.html) indicates that hair 

THg concentrations of <14 mg/kg ww, 15-50 mg/kg ww, 50-200 mg/kg ww, 200-1000 mg/kg 

ww, and >1000 mg/kg ww, are associated with (respectively): no significant effects in children, 

no clinical effects, appearance of early neurological symptoms in adults (parasthesia), an 

increased frequency and severity of neurological effects, and serious neurological effects 

leading to death. Manitoba Hydro (2014) refers to a hair THg concentration of >30 mg/kg ww 

as being an “at risk” level. 
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While the MeHg hair threshold used by the U.S. EPA (2001a,b) in deriving their MeHg oral RfD 

was 1 mg/kg ww, this value is at the lowest end of the range of reported NOAELs for THg 

concentrations in hair. Much higher NOAELs or similar no-effect or low effect toxicological 

values for THg or MeHg in hair, are the basis of TRVs derived by WHO, Health Canada and EFSA. 

For these major regulatory authorities, the MeHg TRVs are all based on human epidemiological 

studies of MeHg exposure (i.e., Faroe Islands and Seychelles cohorts) that used hair as the 

primary biomarker of exposure and health effects. The various epidemiological studies of these 

cohorts cited NOAEL or 95% lower confidence limit benchmark concentrations (i.e., hair THg or 

MeHg levels at which adverse effects were not observed or were associated with only a 5% 

excess risk), that ranged from 9 to 25 mg/kg ww (ATSDR, 1999; WHO, 2004; EFSA, 2012a,b; U.S. 

EPA, 2001a,b; Legrand et al., 2010; Health Canada, 2007). WHO (2004) considers 14 mg THg/kg 

ww hair to be a NOAEL that is protective of potential neurotoxicity in the developing fetus. 

While these NOAELs or benchmark values represent hair THg concentrations that are not 

associated with adverse effects, such toxicity values are not generally used directly as 

regulatory guideline values for THg or MeHg in hair. Rather, regulatory guidelines for 

THg/MeHg in hair have uncertainty factors applied to the NOAELs or benchmark 

concentrations which result in lower and more conservative values. Thus, it must be 

recognized that exceedance of a regulatory guideline for THg/MeHg in hair does not indicate 

human health risk. Rather, it simply means that the margin of safety between Hg exposure and 

levels that may result in potential adverse effects is reduced, and that further evaluation is 

needed to determine if there is a potential for human health risk to occur. 

 

The Golder (2015) study relied upon a THg hair guideline value of 10 mg/kg ww as the primary 

point of comparison to the measured hair THg and MeHg data collected during the baseline 

HBP. This value was selected based on the NOAEL point of departure that is the basis of the 

current Health Canada TDI (0.2 µg/kg BW/day) for women of child-bearing age and children 

<12 years. While not as conservative or protective as the values presented in Legrand et al., 

(2010), 10 mg/kg ww is still a protective threshold value for THg or MeHg in hair, and as noted 

above, clinical evidence of neurological effects would not be expected in subjects with hair THg 

levels at or near 10 mg/kg ww.  

 

Table 7 compares the measured hair THg concentrations from baseline HBP participants to the 

applicable Health Canada hair guidance values from Table 6 that are associated with no 

recommended medical follow up actions. Comparisons are only presented for hair THg data as 

the sample size for the THg dataset (N=293) is much larger than the sample size for the hair 

MeHg dataset (N=30), which comprised a 10% subsample of the THg data and was limited to 

only female HBP participants, as noted above.  
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TABLE 7:   SUMMARY OF HAIR THg DATA FROM THE BASELINE HBP AND COMPARISON TO HEALTH 
CANADA HAIR GUIDANCE VALUES FOR THg 

Community N 
Arithmetic 

Mean; mg/kg 
ww 

Geometric 
Mean; 

mg/kg ww 

Median; 
mg/kg ww 

Maximum; 
mg/kg ww 

Applicable Health 
Canada Hair 

Guidance Level 
Associated with 

No Recommended 
Medical Follow-
up; mg/kg ww 

Churchill Falls  

F Toddler 1 0.0743 0.0743 0.0743 0.0743 <2 

F Child 2 0.0511 0.0510 0.0511 0.0518 <2 

F Teen 1 0.0087 0.0087 0.0087 0.0087 <2 

F Adult 9 0.1137 0.0753 0.0966 0.278 <2 

M Toddler 0 0.0000 0.0000 0.0000 0.0000 <2 

M Child 2 0.0839 0.0393 0.0839 0.158 <2 

M Teen 6 0.0974 0.0518 0.0823 0.244 <2 

M Adult 7 0.7632 0.2192 0.1330 4.34 <5 

Happy Valley-Goose Bay  

F Toddler 1 0.0172 0.0172 0.0172 0.0172 <2 

F Child 8 0.0306 0.0225 0.0192 0.0859 <2 

F Teen 16 0.0512 0.0218 0.0195 0.257 <2 

F Adult 63 0.2118 0.1124 0.1150 1.55 <2 

M Toddler 4 0.0625 0.0367 0.0472 0.146 <2 

M Child 4 0.0248 0.0242 0.0260 0.03 <2 

M Teen 3 0.0885 0.0864 0.0826 0.115 <2 

M Adult 22 0.5406 0.2076 0.2350 2.2 <5 

Mud Lake 

F Toddler 1 0.1340 0.1340 0.1340 0.134 <2 

F Child 1 0.2880 0.2880 0.2880 0.288 <2 

F Teen 0 0.0000 0.0000 0.0000 0.0000 <2 

F Adult 12 0.5086 0.3664 0.4975 1.03 <2 

M Toddler 1 0.1400 0.1400 0.1400 0.14 <2 

M Child 0 0.0000 0.0000 0.0000 0.0000 <2 

M Teen 0 0.0000 0.0000 0.0000 0.0000 <2 

M Adult 5 0.6420 0.5718 0.4620 1.27 <5 

North West River 

F Toddler 1 0.1240 0.1240 0.1240 0.124 <2 
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Community N 
Arithmetic 

Mean; mg/kg 
ww 

Geometric 
Mean; 

mg/kg ww 

Median; 
mg/kg ww 

Maximum; 
mg/kg ww 

Applicable Health 
Canada Hair 

Guidance Level 
Associated with 

No Recommended 
Medical Follow-
up; mg/kg ww 

F Child 4 0.1015 0.0685 0.0557 0.267 <2 

F Teen 4 0.1057 0.0997 0.1105 0.146 <2 

F Adult 22 0.7242 0.3724 0.4600 4.12 <2 

M Toddler 0 0.0000 0.0000 0.0000 0.0000 <2 

M Child 1 0.0140 0.0140 0.0140 0.014 <2 

M Teen 1 0.1680 0.1680 0.1680 0.168 <2 

M Adult 20 1.3095 0.9366 1.3300 4.34 <5 

Sheshatshiu 

F Toddler 3 0.0406 0.0308 0.0310 0.0788 <2 

F Child 12 0.0271 0.0171 0.0106 0.0733 <2 

F Teen 3 0.0122 0.0121 0.0111 0.0148 <2 

F Adult 33 0.0772 0.0412 0.0440 0.705 <2 

M Toddler 1 0.0140 0.0140 0.0140 0.0140 <2 

M Child 4 0.0327 0.0180 0.0106 0.1000 <2 

M Teen 4 0.0126 0.0115 0.0140 0.0170 <2 

M Adult 11 0.0668 0.0460 0.0500 0.2440 <5 

Notes: 
F=female; M=male; ww =wet weight.  
Bolded values denote an exceedance over the applicable Health Canada hair guidance value(s) for 
THg/MeHg. 
 

As shown in Table 7, there were no exceedances of HBP participant hair THg concentrations 

over the applicable “no action” Health Canada hair guidance values for THg. There was one 

apparent exception (bolded in Table 7; value of 4.12 mg/kg ww for a female adult); however, 

closer examination of the data revealed that this exceedance was for a single female individual 

>50 years of age. Thus, the most applicable hair guidance value for this individual is 5 mg/kg 

ww, rather than 2 mg/kg ww. As such, there were no exceedances of HBP participant hair THg 

concentrations over the applicable “no action” Health Canada hair guidance values for THg in 

any of the LCHGP study area communities. As noted, these hair guidance values are lower than 

NOAELs or benchmark concentrations that represent hair THg concentrations which were not 

associated with adverse effects in human epidemiology studies. 

 

Detailed examination of the HBP participant hair THg data revealed that hair THg 

concentrations among male and female elders (within the aboriginal communities), a 
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potentially sensitive subgroup, were similar to those in younger, primarily middle aged adults, 

with no clear trend of higher baseline THg exposures among elders. Furthermore, hair THg 

concentrations among females of child-bearing age (15-44 years), a known potentially sensitive 

subgroup with respect to MeHg neurological and neurodevelopmental effects (N=133), ranged 

from 0.0041 to 0.87 mg/kg ww, which is well below the applicable Health Canada hair guidance 

value of 2 mg/kg ww.  

 

Overall, the comparison of measured hair THg and MeHg concentrations in study area baseline 

HBP participants to regulatory toxicological guidelines for THg/MeHg in hair (i.e., Legrand et al., 

2010; Table 6), indicated that none of the participants had hair THg or MeHg concentrations 

that would suggest a potential health concern. While the sample size was quite limited for 

some age/gender groups in some study area communities (which makes reliable extrapolation 

to a broader population difficult), as noted previously in Section 2.3.7.1, the DS and HBP 

participants represent the consumption patterns and Hg exposure rates of their households in 

addition to their individual selves. Therefore, the outcomes of the comparisons presented in 

Table 7 are considered likely to apply to the majority of residents within the LCHGP study area 

communities.  

 

While it was not within the scope of the HHRA to compare the measured study area hair THg 

and MeHg concentration data to the extensive literature that exists on hair THg or MeHg levels 

at various other locations around the world, some selected relevant comparisons (which 

focused on selected other First Nations communities in Canada) were conducted for context 

and perspective purposes. Such comparisons are not particularly meaningful as it must be 

recognized that other locations will have specific and unique country food and market basket 

food consumption patterns that are different from those in the LCHGP study area, and would 

be expected to show differing hair THg and MeHg levels as a result. Also, many of the other 

available studies of hair THg concentrations focused exclusively on adults and did not include 

younger age classes. This limits the ability to make meaningful comparisons between the 

baseline HBP hair THg data and hair THg data from other locations.  

 

These comparisons only considered actual measured hair THg data, not blood THg or MeHg 

data that were converted to estimated hair concentrations. This decision reflects the 

uncertainty inherent in the blood to hair conversion factor. Essentially, comparisons of 

measured versus converted data would be less accurate and less meaningful than comparisons 

between measured versus measured data. Thus, some comprehensive data sources for blood 

THg or MeHg concentrations in the Canadian and U.S. general population were not considered 

(e.g., Canadian Health Measures Survey - http://www.hc-sc.gc.ca/ewh-

semt/contaminants/human-humaine/chms-ecms-eng.php; and, U.S. Centers for Disease 

Control National Reports on Human Exposure to Environmental Chemicals; 
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http://www.cdc.gov/exposurereport/). Legrand et al., (2010) also cite a number of studies in 

various regions of Canada where blood THg or MeHg data were collected. 

 

One relevant comparison is to the hair data reported by Canuel et al., (2006). This study 

collected and analyzed hair samples for THg in one of the LCHGP study area communities (i.e., 

Sheshatshiu, SH) in 2002. In the Canuel et al. study, few details were reported on the hair THg 

data, but an arithmetic mean of 0.4 mg/kg ww was noted (N=118 subjects). This mean hair THg 

concentration is about an order of magnitude higher than what was measured in SH baseline 

HBP participants in 2014 (N=71), across all age and gender categories. Canuel et al., (2006) 

failed to report whether or not their study subjects from SH were adults only or a combination 

of various age classes, but it is believed that only adults were included in their study. There are 

insufficient data available to enable speculation as to why THg hair concentrations would be 

substantially lower in 2014 in SH, than they were in 2002. Anecdotally, little has changed 

between 2002 and 2014 with respect to SH resident’s country and market basket food 

consumption patterns.  

 

The EAGLE Project (2001) collected hair THg data from 392 members of various Great Lakes 

First Nations communities in the mid to late 1990s. Arithmetic mean hair THg concentrations 

from the EAGLE Project (adult males and females) were generally similar to those determined 

in the baseline HBP for male and female adults in CF, NWR, ML, HVGB, but were roughly 10 

times higher than the arithmetic mean adult hair THg concentrations determined for SH from 

the baseline HBP data. Maximum male and female hair THg concentrations reported for the 

EAGLE Project were slightly higher than those measured in the baseline HBP for all LCHGP 

study area communities.  

 

In one of the few studies identified that evaluated hair THg levels in children, Tian et al., (2011) 

reported a geometric mean hair THg concentration of 0.66 mg/kg ww in preschool-aged 

children (i.e., toddlers) from communities in Nunavut. While the number of toddler 

participants in the baseline HBP was low (N=12), and precluded calculation of reliable 

geomeans, hair THg concentrations for the toddler age class across the LCHGP study area 

communities were considerably lower than the geomean reported in Tian et al., (2011)(Table 

7).  

 

AHW (2006) reported an average hair THg concentration of 0.22 mg/kg ww across 165 adults 

from the Wabamun region of Alberta. This average is generally similar to or lower than 

arithmetic means determined in the baseline HBP for male and female adults in CF, NWR, ML, 

and HVGB, but is higher than the arithmetic mean adult hair THg concentrations determined 

for SH from the baseline HBP data.  
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The FNFNES program has also collected hair THg data from First Nations communities in some 

provinces and territories to date (e.g., Chan et al., 2016; 2014; 2012; 2011). However, these 

data are only collected for adults at this time, and the analytical procedures used differ 

somewhat from that which was used in the baseline HBP, which may make direct data 

comparisons difficult. Nonetheless, arithmetic and geometric mean hair THg concentrations 

reported in the FNFNES program to date are generally similar to those determined in the 

LCHGP study area communities of CF, NWR, ML and HVGB. SH however, had lower arithmetic 

mean and geomean hair THg values relative to the communities that have been assessed to 

date in the FNFNES program.  

 

In general, the hair THg concentrations measured in LCHGP study area HBP participants are no 

different from those measured in a number of other First Nations communities across Canada 

where dietary patterns comprised mixed consumption of both country food and market basket 

food items.  

 

Further comparisons of study area community hair THg data to hair THg data collected from 

other locations can be conducted as supplementary documentation to the final baseline HHRA, 

if deemed warranted.  

3.7 Comparison of Measured Hair THg and MeHg HBP Data to Predicted Hair 
MeHg Concentrations, and, Comparison of Predicted Hair MeHg 
Concentrations to Regulatory Toxicological Guidelines for MeHg in Hair 

As described in Section 2.4.4, the WHO one compartment toxicokinetic model was used to 

convert estimated MeHg exposures (expressed as a dose) to blood MeHg concentrations, 

which were in turn converted to hair concentrations using the blood to hair conversion factor 

of 250. This was conducted for each of the assessed receptors in each of the HHRA 

exposure/consumption scenarios (i.e., study area communities). 

 

The predicted hair MeHg concentrations for the assessed human receptors in each of the 

LHCGP study area communities are summarized in Table 8 below, and are also provided in 

Appendix B.  

 

TABLE 8:   SUMMARY OF PREDICTED HAIR MeHg CONCENTRATIONS (mg/kg ww) FOR HUMAN 
RECEPTORS ASSESSED IN THE HHRA 

Receptor Churchill Falls 
Happy Valley-

Goose Bay 
Sheshatshiu 

North West 
River 

Mud Lake 

M Toddler 1.0 1.4 1.1 1.7 1.7 

M Child 1.6 1.7 1.6 1.8 1.8 

M Teen 0.9 1.3 1.1 1.3 1.3 

M Adult 1.3 2.8 2.4 2.9 2.9 
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Receptor Churchill Falls 
Happy Valley-

Goose Bay 
Sheshatshiu 

North West 
River 

Mud Lake 

F Toddler 1.1 1.5 1.2 1.9 1.9 

F Child 1.7 1.8 1.7 1.9 1.9 

F Teen 1.0 1.5 1.2 1.5 1.5 

F Adult 1.5 3.4 2.8 3.4 3.4 

Pregnant F 
Teen 

0.7 1.0 0.8 1.0 1.0 

Pregnant F 
Adult 

1.1 2.3 2.0 2.4 2.4 

Notes: 
F=female; M=male; ww =wet weight.  
Bolded values denote an exceedance over the applicable “no action” Health Canada hair guidance 

value(s) for THg/MeHg (Table 6; 2 mg/kg ww for pregnant F; F 0-49 yrs; M≤18 yrs; and, 5 mg/kg ww for 

F≥50 yrs; M >18 yrs).  

 

Predicted hair MeHg concentrations from the HHRA do not match up exactly with measured 

hair THg or MeHg concentration data collected from the baseline HBP. Given the approaches 

and assumptions used in the HHRA, the predicted hair MeHg concentrations represent upper 

estimates of central tendency. Predicted hair MeHg concentrations were consistently higher 

than central tendency measured hair THg concentrations from the baseline HBP. Across the 

assessed receptors and study area communities, the predicted hair MeHg concentrations were 

at least 2 to 4-fold, and frequently 1 to 2 orders of magnitude higher than measured arithmetic 

and geometric mean THg concentrations. In addition, for all but the adult receptors, the 

predicted hair MeHg concentrations were generally a few fold, to up to 2 orders of magnitude 

higher than the maximum measured hair THg concentrations. Maximum measured hair THg 

concentrations in male and female adults were slightly higher than the predicted hair MeHg 

concentrations in some of the study area communities, but were generally similar to each 

other. There is no expectation though that model-based upper estimates of central tendency 

would necessarily capture measured maxima. 

 

Given the comparisons between predicted hair MeHg and measured hair THg concentrations 

(which are comprised mostly of MeHg – 66%), it is evident that the HHRA exposure modelling 

approaches and assumptions resulted in overestimates of potential MeHg exposure and risk in 

the assessed receptors and exposure/consumption scenarios.  

 

Similar findings were previously noted in the Canuel et al., (2006) study in Sheshatshiu (SH). In 

that study, an average hair MeHg concentration of 5.7 mg/kg ww in adults was predicted using 

modelling approaches and community-specific dietary survey information. However, the 

measured arithmetic mean (average) hair THg concentration in this study was 0.4 mg/kg ww. 

The difference between modelled and measured values in Canuel et al., (2006) is similar to that 
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observed in the current HHRA, as noted above. Canuel et al., (2006) speculated that this 

difference may reflect ethnicity factors such as hair density, composition, growth rate, and 

perhaps genetic polymorphisms that affect MeHg elimination kinetics. While these factors may 

have some influence, it is much more likely that the modelling approaches and assumptions 

used by Canuel et al. were simply conservative and overestimated MeHg exposure rates. It is 

common and expected that any HHRA modelling exercise would over-predict what human 

biomonitoring data demonstrates. Furthermore, there may have been an influence in Canuel 

et al. of inflated consumption rates and frequencies reported in the community diet survey 

that these authors conducted. It is not uncommon for community-specific diet surveys to 

overestimate the rates and frequencies of consumption for certain country food items. 

 

As shown in Table 8, most of the predicted hair MeHg concentrations (which were 

considerably higher than measured hair THg and MeHg concentrations, due to HHRA 

conservatism and exposure overestimation) were not at levels which would suggest a potential 

health concern for the assessed receptors. In other words, the predicted hair MeHg 

concentrations were below the applicable “no action” Health Canada hair guidance value(s) 

presented in Table 6 (i.e., 2 mg/kg ww for pregnant F; F 0-49 yrs; M≤18 yrs; and, 5 mg/kg ww 

for F≥50 yrs; M >18 yrs). Slight exceedances over the applicable guidance value of 2 mg/kg ww 

occurred for the female adult and pregnant female adult receptors. It is conservatively 

assumed in Table 8 that all female adults are of child-bearing age, but for any female adult >50 

years of age, the predicted hair MeHg concentrations do not exceed the applicable guidance 

value of 5 mg/kg ww. Given the degree to which predicted hair MeHg concentrations appear to 

have been overestimated (relative to measured baseline hair THg concentrations), the minor 

guideline exceedances shown in Table 8 for predicted hair MeHg concentrations are not 

suggestive of a human health concern.  

 

In summary, comparison of the measured hair THg and MeHg data from the baseline HBP to 

predicted hair MeHg concentrations (from the HHRA modelling) showed that the HHRA model 

generally predicted considerably higher hair MeHg concentrations relative to those that were 

measured in study area community DS and HBP participants. This finding provides support that 

the HHRA was conducted in a conservative and protective manner which overestimated 

potential MeHg and inorganic Hg exposures and risks. Predicted hair MeHg concentrations 

(which are overestimates) are not suggestive of a potential human health concern.  
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3.8 Comparison of Estimated Human Receptor (Including Developing Fetus) 
Blood MeHg Concentrations to Health Canada Blood MeHg Guidance 
Values  

As described in Section 2.4.4, the WHO one compartment toxicokinetic model was used to 

convert estimated MeHg exposures (expressed as a dose) to blood MeHg concentrations, for 

each of the assessed receptors in each of the HHRA exposure/consumption scenarios (i.e., 

study area communities). The same model was also used to estimate maternal blood MeHg 

concentrations which were in turn used to estimate fetal blood MeHg concentrations (Section 

2.4.4). 

 

The predicted blood MeHg concentrations for the assessed human receptors (except the 

developing fetus) in each of the LCHGP study area communities are summarized in Table 9 

below, and are also provided in Appendix B.  

 

Table 10 summarizes the predicted blood MeHg concentrations in the developing fetus 

receptor, assuming both a teen and adult mother (further details are provided in Appendix B).  

 

TABLE 9:  SUMMARY OF PREDICTED BLOOD MeHg CONCENTRATIONS (µg/L) FOR HUMAN RECEPTORS 
ASSESSED IN THE HHRA 

Receptor Churchill Falls 
Happy Valley-

Goose Bay 
Sheshatshiu 

North West 
River 

Mud Lake 

M Toddler 4.1 5.8 4.6 7.0 7.0 

M Child 6.6 7.0 6.5 7.3 7.3 

M Teen 3.5 5.2 4.3 5.4 5.4 

M Adult 5.2 11.2 9.4 11.4 11.4 

F Toddler 4.4 6.2 4.9 7.5 7.5 

F Child 6.7 7.2 6.6 7.5 7.5 

F Teen 3.9 5.9 4.9 6.1 6.1 

F Adult 6.2 13.4 11.3 13.6 13.6 

Pregnant F 
Teen 

2.7 4.0 3.3 4.2 4.2 

Pregnant F 
Adult 

4.3 9.4 7.9 9.5 9.5 

Notes: 
F=female; M=male. 
Bolded values denote an exceedance over the applicable “no action” Health Canada blood guidance 
value(s) for MeHg (Table 6; 8 µg/L for pregnant F; F 0-49 yrs; M≤18 yrs; and, 20 µg/L for F≥50 yrs; M>18 
yrs).  
 

As shown in Table 9, most of the predicted blood MeHg concentrations (which are believed to 

be substantial overestimates, due to conservative HHRA exposure modelling approaches and 

assumptions) were not at levels which would suggest a potential health concern for the 
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assessed receptors. In other words, the predicted blood MeHg concentrations were below the 

applicable “no action” Health Canada blood guidance value(s) presented in Table 6 (i.e., 8 µg/L 

for pregnant F; F 0-49 yrs; M≤18 yrs; and, 20 µg/L for F≥50 yrs; M>18 yrs). Slight exceedances 

over the applicable guidance value of 8 µg/L occurred for the female adult and pregnant 

female adult receptors in some but not all of the LCHGP study area communities. It is 

conservatively assumed in Table 9 that all female adults are of child-bearing age, but for any 

female adult >50 years of age, the predicted blood MeHg concentrations do not exceed the 

applicable guidance value of 20 µg/L. Given the low margin of exceedances noted in Table 9, 

and the conservatism inherent in the estimation of blood MeHg concentrations, the predicted 

blood MeHg concentrations are not suggestive of a human health concern.  

 

TABLE 10:  SUMMARY OF PREDICTED FETAL BLOOD MeHg CONCENTRATIONS (µg/L) 

Community 
Predicted Fetal Blood 

Concentration (µg/L) Based on 
Pregnant Female Teen 

Predicted Fetal Blood 
Concentration (µg/L) Based on 

Pregnant Female Adult 

Churchill Falls 4.5 7.3 

Happy Valley-Goose Bay 6.9 15.9 

Sheshatshiu 5.6 13.4 

North West River 7.1 16.2 

Mud Lake 7.1 16.2 

Notes: 
Bolded concentrations exceed the Health Canada (Legrand et al., 2010) “no action” blood guidance 
value of 8 µg/L. Health Canada considers that <8 µg/L of MeHg in maternal blood is protective of the 
developing fetus as well as infants and young and older children (up to adolescence).  

 

While Table 10 shows that there were some exceedances of predicted fetal blood MeHg 

concentrations over the applicable “no action” Health Canada blood guidance level, the degree 

of exceedance was marginal. Also, the recommended action that would correspond to these 

blood MeHg levels (as per Legrand et al., 2010) is to repeat within 6 months (or conduct, if not 

already conducted), a maternal hair or blood test and/or provide dietary advice to reduce 

potential MeHg exposure to the developing fetus. The predicted blood MeHg levels in the fetus 

that exceed 8 µg/L indicate caution rather than a potential for adverse human health effects.  

 

Given the low margin of exceedances noted in Table 10, and the conservatism inherent in the 

estimation of blood MeHg concentrations (maternal and fetal), the predicted fetal MeHg blood 

concentrations are not suggestive of a human health concern.  

 

Support for this outcome comes from other LOEs evaluated in the HHRA. For example, because 

two of the TRVs used in the HHRA were derived to be protective of potential 

neurodevelopmental effects in the developing fetus (i.e., Table 2: 0.0001 mg/kg BW/day from 
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U.S. EPA, 2001a,b; NRC, 2000; and, 0.0002 mg/kg BW/day from Health Canada, 2007; 2010c), 

the low calculated HQs for female teens and adults (which captures the child-bearing ages) can 

be considered indirectly protective of the developing fetus as well. Also, as shown in the 

preceding section, measured and predicted hair THg and MeHg concentrations in female teen 

and adult receptors across the study area communities are either below or marginally above 

Health Canada “no action” hair guidance values, and are not at levels that would be suggestive 

of a human health concern (the Health Canada hair guidance values from Legrand et al., 2010 

are also derived to be protective of the developing fetus).  

3.9 Comparisons of LCHGP Study Area Fish THg Concentration Data Against 
Regulatory Human Health-Based Fish Tissue Residue Guidelines for 
THg/MeHg 

Health Canada and the U.S. EPA have developed human health-based fish tissue residue 

guidelines for THg and/or MeHg. These guidelines have been described previously in Sections 

2.4.1.3 and 2.5 and are also presented in Appendix D. These guidelines were compared to the 

study area fish THg muscle concentration data collected from the ongoing aquatic EEM 

program.  

 

Table 11 provides a summary of the frequency of exceedance of measured LCHGP study area 

fish muscle THg concentrations over the Health Canada and U.S. EPA fish tissue residue 

guidelines.  

 

Based on the frequency of exceedance information summarized in Table 11, LCHGP study area 

fish THg concentrations to date show an overall low frequency of exceedance over 

conservative regulatory human health-based fish tissue residue guidelines for THg/MeHg, with 

the exception of the available lake trout data (which shows a high frequency of exceedance 

over these guidelines). The lake trout THg concentration data however, are quite limited at this 

time (N=10). Also, it is likely that due to a limited distribution within the study area water 

bodies, and given the DS participant responses regarding consumption rates and frequencies 

for this species, lake trout are likely not consumed as readily as other study area fish species 

are. 
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TABLE 11:  SUMMARY OF THE FREQUENCY OF EXCEEDANCE OF MEASURED LCHGP STUDY AREA FISH MUSCLE THG CONCENTRATIONS OVER REGULATORY 
HUMAN HEALTH-BASED FISH TISSUE RESIDUE GUIDELINES 
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B
ro

o
k 

Tr
o

u
ta  

La
ke

 T
ro

u
ta  

B
u

rb
o

ta  

Sa
lm

o
n

 C
o

m
b

in
e

d
a
 

A
tl

an
ti

c 
Sa

lm
o

n
a
 

O
u

an
an

ic
h

e
a  

R
ai

n
b

o
w

 S
m

e
lt

a
 

A
m

e
ri

ca
n

 E
e

l 

La
ke

 C
h

u
b

 

Lo
n

gn
o

se
 S

u
ck

e
r 

N
o

rt
h

e
rn

 P
ik

e
 

To
m

 C
o

d
 

W
h

it
e

 S
u

ck
e

r 

W
in

te
r 

Fl
o

u
n

d
e

r 

W
h

it
e

fi
sh

 C
o

m
b

in
e

d
 

D
w

ar
f 

La
ke

 W
h

it
e

fi
sh

 

La
ke

 W
h

it
e

fi
sh

 

R
o

u
n

d
 W

h
it

e
fi

sh
 

Number of Sample(s) - N 340 10 29 44 25 19 142 1 44 500 93 91 399 10 232 24 173 35 

# of Samples with THg Concentrations 
Exceeding Health Canada (CFIA) Action Level 
for Mercury in Fish and Fish Products of 0.5 

mg/kg ww 

0 3 0 0 0 0 0 0 0 2 11 0 4 0 0 0 0 0 

Exceedance Frequency - % of samples  
>0.5 mg/kg ww 

0% 30% 0% 0% 0% 0% 0% 0% 0% 0% 12% 0% 1% 0% 0% 0% 0% 0% 

# of Samples with THg Concentrations 
Exceeding Health Canada Advisory Level for 

Subsistence Consumers of 0.2 mg/kg ww  
4 10 5 3 0 3 10 0 0 31 14 6 27 0 18 0 18 0 

Exceedance Frequency - % of samples  
>0.2 mg/kg ww 

1% 100% 17% 7% 0% 16% 7% 0% 0% 6% 15% 7% 7% 0% 8% 0% 10% 0% 

# of Samples with THg Concentrations 
Exceeding U.S. EPA Fish Tissue Criterion for 

Consumers of Non-Commercial 
Freshwater/Estuarine Fish of 0.3 mg/kg ww 

3 7 2 1 0 1 1 0 0 13 12 1 15 0 5 0 5 0 

Exceedance Frequency - % of samples  
>0.3 mg/kg ww 

1% 70% 7% 2% 0% 5% 1% 0% 0% 3% 13% 1% 4% 0% 2% 0% 3% 0% 

Notes: 
a. Denotes fish species that are consumed by LCHGP study area residents (as reported by DS participants) and that were assessed in the HHRA. 
CFIA = Canadian Food Inspection Agency. 
U.S. EPA = United States Environmental Protection Agency. 
ww = wet weight.  

CIMFP Exhibit P-00271 - Appendix O - 44 Page 175



 
Final Baseline HHRA 
October 2016 –12-6331-7000 

162 

 

3.10 General Comparisons of LCHGP Study Area Fish, Seal and Wild Bird Egg 
THg Concentrations to Selected Fish, Seal and Egg THg Data Reported in 
the Literature 

While it was not within the scope of the HHRA to make extensive comparisons of study area 

fish, seal and wild bird egg THg data to similar data reported for other locations, some selected 

qualitative comparisons were made to provide some perspective on whether or not the THg 

data collected to date for the LCHGP study area are typical, higher or lower than data reported 

for other areas in Canada and the U.S. The LCHGP study area fish, seal and wild bird egg THg 

data are summarized in Appendix D.  

 

Documentation of fish Hg levels in the regulatory and scientific literature is extensive and 

voluminous. As such, only selected relevant qualitative comparisons were made. Based on 

comparisons to fish muscle THg data compiled and reported in such relevant papers and 

reports as: (U.S. EPA MRC, 1997; Evans et al., 2005; U.S. EPA, 2001a; AHW, 2009a,b,c,d; Alberta 

Health, 2016; CACAR, 2012; AMAP, 2011; 2005; Braune et al., 2015; 1999; Chetelat et al., 2014; 

ATSDR 1999; Depew et al., 2013), study area fish muscle THg concentrations are similar to 

(within the same ranges) or lower than those reported for many other areas of North America, 

including northern locations with no point sources of Hg contamination, and within the same 

or similar fish species. Many of these areas could be considered background or reference water 

bodies. Thus, it is evident that study area fish THg concentrations are not currently elevated 

relative to what has been observed at numerous un-impacted water bodies across Canada and 

the U.S. 

 

Based on comparisons to ringed seal muscle and/or liver THg data compiled and reported in 

Brown et al., (2016), Langis et al., (1999), AMAP (2011; 2005), Braune et al., (2015), CACAR 

(2012), Johansen et al., (2004b), and Lemire et al., (2015), study area seal muscle and liver THg 

concentrations are similar to (within the same ranges) or lower than those reported from other 

northern areas of North America and Europe, that have no point sources of Hg contamination. 

Thus, it is evident that study area ringed seal THg concentrations in muscle and liver tissue are 

not currently elevated relative to what has been observed at numerous other un-impacted 

northern locations, including the Canadian Arctic (western and eastern Arctic regions including 

northern Labrador), northern Quebec, Greenland, Alaska and northern Europe. 

 

Points of comparison for wild bird egg THg data, for species that humans harvest and consume, 

are limited in the scientific literature. AMAP (2011) summarized wild bird egg THg data from 

several studies (conducted in Alaska, the Canadian Arctic and Norway) that assessed the eggs 

of herring gulls, glaucous gulls and Glaucous-winged gulls. The reported means from these 

studies are similar to and are generally higher than the mean egg THg concentration 

determined for combined LCHGP study area gulls, mergansers and ducks. Thus, it is evident 
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that study area wild bird egg THg concentrations are not currently elevated relative to what 

has been observed at other un-impacted northern locations. 

 

For the locations that LCHGP study area fish, seal and wild bird egg THg data were compared 

against, none are impacted by hydroelectric developments or known point sources of Hg 

emissions. Rather, the Hg levels within the media and biota of these areas is due to natural Hg 

biogeochemical cycling and regional atmospheric deposition of Hg (from the global 

atmospheric Hg pool). 

 

In summary, general comparisons of LCHGP study area fish, seal and wild bird egg THg 

concentrations to fish, seal and egg THg concentrations reported in the literature for selected 

other locations, showed that the measured concentrations within the LCHGP study area 

(baseline conditions) were no different from, and were often lower than the fish, seal and wild 

bird egg THg concentrations that have been reported for many other areas. Thus, consumers of 

wild fish, seal and bird eggs in the LCHGP study area would not be expected to be exposed to 

THg concentrations that are significantly different from what people in numerous other 

communities across North America would be exposed to on a regular basis, where the same or 

similar species are harvested and consumed. 

 

Further, more detailed quantitative comparisons of LCHGP study area fish, seal and wild bird 

egg THg data to similar data from other locations can be conducted supplementary to the 

HHRA if deemed warranted.  

 

4.0 Uncertainties, Limitations and 
Conservative Assumptions Within The 
HHRA 

HHRAs involve assigning numerical values to various input parameters in models to obtain 

estimates of human exposure and risk. Numerical values are typically required to describe 

chemical concentrations in environmental media and food items, their fate and transport, 

human exposure and receptor parameters, and toxicity. Variability and uncertainty in these 

input parameters will result in variability and uncertainty in the estimates of exposure and risk. 

The conclusions of any risk assessment are dependent on the data and assumptions that are 

evaluated within it, and are greatly influenced by the variability and uncertainty that is 

associated with these data and assumptions. Therefore, it is important to characterize and 

understand the key areas of variability and uncertainty, and any major study limitations, so as 

to avoid possible underestimating of risks to the extent possible, and to ensure that any 

tendencies of the HHRA process to overestimate risk are also identified and acknowledged. 
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Risk managers need this information to make informed decisions regarding whether or not, to 

what extent, and how, risks should be managed.  

 

Given that there is always variability and uncertainty in any HHRA, it is standard practice to 

employ highly conservative assumptions pertaining to the data, parameters, approaches ad 

models used in a HHRA such that the HHRA will overestimate potential exposure and risk. This 

was the case in the current HHRA where potential MeHg and inorganic Hg exposures and risks 

were overestimated to a substantial degree.  

 

Intentionally overestimating exposure and risk is a common and necessary feature of all HHRAs, 

and is in keeping with a number of standard regulatory precautionary approaches and guiding 

principles used routinely in risk assessments and environmental impact assessments. All 

regulatory sources of HHRA guidance (including those applied herein) strongly advocate 

conservative and precautionary approaches and assumptions that will overestimate exposures 

and risks. It is quite common in HHRAs that the use of conservative assumptions and 

approaches results in overestimation of exposures and risks by at least one to two orders of 

magnitude above what could be reasonably expected to occur. 

 

By understanding variability and uncertainty and the conservative assumptions and 

approaches that are used/applied to address these two major influences on a HHRA, risk 

managers can identify situations where the use of more sophisticated approaches and/or 

further data collection can reduce or refine key sources of uncertainty before making final risk 

management decisions. Such understanding can also help risk managers avoid potentially 

costly and unnecessary risk management or corrective actions that may otherwise be 

recommended or undertaken. Unnecessary risk management or mitigative actions can 

sometimes inadvertently have effects that are more harmful than the potential human health 

risks that were originally evaluated in a HHRA (e.g., recommending that a food not be 

consumed when that food item, in fact, has numerous nutritional benefits that likely more 

than offset potential health risks due to chemical contamination of that food item). In addition, 

failing to account for the conservative approaches and assumptions used in a HHRA to address 

uncertainty and variability can lead to risk communication challenges wherein the affected 

communities or parties may become fearful of certain areas, activities or food items, when 

there is actually no basis for such fears and concerns. Such fears and concerns may lead to 

situations of psychosocial stress which can manifest as potentially serious health effects that 

include various stress and anxiety disorders. Such effects are not directly related to chemical 

exposure but can be created by the overall situation of concerns regarding chemical exposure.  

 

The following subsections define the main types of uncertainty affecting HHRAs (where 

variability is actually one specific type of uncertainty), and identify and describe the major 
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sources of uncertainty in the HHRA as well as the conservative assumptions and approaches 

that were used to address such uncertainties.  

4.1 Types of Uncertainty Affecting HHRAs 

There are many potential sources of uncertainty and variability in any risk assessment, which 

include identification of receptors with the greatest potential for exposure or risk, identifying 

all relevant pathways and routes of exposure, selection of appropriate multimedia exposure 

models, determining appropriate intake rates, determining appropriate exposure point 

concentrations in environmental media, differential sensitivity of different receptor groups to 

the chemicals of interest, impact of modifying factors, potential for chemical interactions, and 

many others. All sources of uncertainty in risk assessments can be classified into four general 

types (Finkel, 1990): i) variability, ii) parameter uncertainty, iii) model uncertainty, and iv) 

decision rules.  

 

 Variability refers to observed differences in a population or parameter attributable to 

true heterogeneity (Warren-Hicks and Moore, 1998). It is the result of natural random 

or stochastic processes and stems from such factors as environmental, behavioural and 

genetic differences. Examples include variation between individuals in size (e.g., body 

weight) and physiology (e.g., metabolic rate, food intake rate), and between 

environments (e.g., soil type, climate, chemical concentration distributions). 

 Parameter uncertainty refers to limited, or lack of knowledge about the true values of 

the parameters or variables in a model (Warren-Hicks and Moore, 1998). Parameters 

are often estimated from laboratory, field or other studies. This type of uncertainty is 

introduced because the estimated value typically relies on insufficient, unreliable or 

partially relevant information for the parameter of interest. Several processes 

contribute to parameter uncertainty including measurement errors, random errors, 

and systematic errors (Finkel, 1990). Measurement error often arises from the 

imprecision of analytical devices used, for example, to quantify chemical levels in 

different media or foods. Errors in measurement, however, are not necessarily 

restricted to analytical equipment. For example, reconstructing past chemical releases 

at a contaminated site may be subject to measurement error because historical data 

can be faulty or ambiguous. Random error or sampling error is also a common source 

of parameter uncertainty and occurs when inferences are made about a sample 

population from a limited number of observations. Sample size has a major influence 

on random error. For example, the standard deviation of a sample mean based on 

3,000 observations will have a standard deviation only one-tenth that of means based 

on only 30 observations. Systematic error occurs when the errors in the dataset are 

not truly random, such as what might occur when the sample population is not 

representative of the entire population (e.g., judgmental sampling of contaminated 

sites where contamination is known or believed to occur). It is important to recognize 

CIMFP Exhibit P-00271 - Appendix O - 44 Page 179



 
Final Baseline HHRA 
October 2016 –12-6331-7000 

166 

 

that systematic error, unlike random error, does not decrease with more observations 

and is not accounted for when calculating descriptive statistics (e.g., mean, standard 

deviation). When systematic error is pervasive, commonly used central tendency 

statistics may not truly represent the population of interest. 

 Model uncertainty is inherent in all risk assessments (Finkel, 1990; Reckhow, 1994). 

Model choice alone can lead to substantial differences in outcomes, particularly if the 

selected models involve data extrapolation. Model uncertainty tends to increase as 

model complexity increases. 

 Decision rule uncertainty is primarily an issue that occurs during risk management, but 

can also occur during the selection of assumptions and specific data to evaluate in a 

risk assessment. This type of uncertainty arises when social objectives, economic costs, 

professional and value judgments, etc. are part of the decision-making process. 

4.2 Uncertainties, Limitations and Conservative Assumptions Specific to the 
Final Baseline HHRA 

The key uncertainties, limitations and conservative assumptions specific to the HHRA are 

presented in the following bullets. Overall, the treatment of the data assessed in the HHRA, 

and the assumptions and approaches applied within the exposure and hazard assessment 

steps of the HHRA, were all conducted in a manner that is intentionally conservative (i.e., 

tending towards overestimation of exposure and risk). This approach was taken to avoid 

underestimating MeHg and inorganic Hg exposures and risks.  

 

 The assumption that 100% of the THg present in fish and wild bird eggs and seal 

muscle tissue is MeHg, likely overestimates the actual MeHg content of these food 

items. 

 The assumed MeHg proportions of THg (Appendix B) in the other assessed country and 

store-bought food items are also conservative, and likely overestimate the actual 

MeHg concentrations in these food items. 

 With respect to wild bird eggs, Wiener et al., (2003) report that almost all of the THg 

transferred to the eggs of piscivorous marine (sea) birds is in the form of MeHg. Other 

studies also support that near 100% of the THg present in the eggs of piscivorous birds 

is present as MeHg (e.g., Burger and Elbin, 2015; Scheuhammer et al., 2001; Evers et al., 

2005; Fimreite et al.., 1974). However, bird species with herbivorous or more mixed 

diets (e.g., Canada goose, black duck) would be expected to have a lower MeHg 

proportion in their eggs than bird species that are entirely piscivorous. For example, 

MeHg levels in Canada goose eggs were at least 47-fold lower than in piscivorous birds 

(herring gull, great egret, great black-backed gull, double-crested cormorant, and 

black-crowned night heron), from estuary locations in New York and New Jersey 

(Burger and Elbin, 2015). While no Canada goose egg Hg data are available for the 

study area at this time, limited data are available for the Nunavik region of northern 
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Quebec, which is a region which shares many geographic, physical, climatological and 

ecological similarities with the LCHGP study area. Kwan (2013) reported non-

detectable THg and MeHg concentrations in 12 Canada goose eggs harvested from a 

number of locations in the Nunavik region. Given these considerations, the assumption 

of 100% MeHg content of THg in non-piscivorous bird eggs likely overestimates human 

exposure to MeHg via wild bird egg ingestion.  

 The wild bird egg data assessed in the HHRA (i.e., unpublished data provided by 

Environment Canada) was available for ring-billed gull, Great black-backed gull, red-

breasted merganser, herring gull and eider duck. These species are considered 

conservative yet reasonable surrogates for the reportedly consumed species (by DS 

participants) of herring gull, Canada goose, merganser, and black duck.  

 While not accounted for in the HHRA, wild bird eggs tend to have a high selenium 

content (with selenium concentrations often much higher than MeHg or THg 

concentrations), which may offset MeHg uptake and toxicity. For example, Burger and 

Elbin (2015) reported that selenium concentrations in the eggs of gulls, egrets, 

cormorants, herons and Canada geese were 2-fold to over 100-fold higher than the egg 

THg concentrations. It was Canada goose eggs that had the nearly 100-fold difference 

in selenium versus THg concentrations.  

 Although assessed in the HHRA, and appearing to make a significant contribution to 

MeHg exposure (based on relative exposure contribution graphs shown in Appendix B), 

wild bird egg consumption was actually reported to be quite rare among DS 

participants with <10% of participants (i.e., 15 individuals in total comprising roughly 

5% of participants) reporting harvesting and consumption of wild bird eggs (primarily 

gulls, ducks, Canada goose, and merganser). Wild bird egg harvesting was found to be 

mostly limited to the communities of NWR and ML although some Sheshatshiu DS 

participants also reported occasional wild bird egg harvesting and consumption. Wild 

bird egg harvesting and consumption was reported to occur only in the summer 

months, as eggs are not easily preserved or stored for later consumption. However, 

the HHRA conservatively assumed that wild bird eggs are consumed throughout the 

year, a practice that does not actually occur.  

 Considering the above points collectively, it is likely that MeHg exposures and risks 

attributed to wild bird egg consumption were substantially overestimated in the HHRA.  

 The EPCs that were calculated and assessed in the HHRA are generally conservative 

estimates of likely MeHg and inorganic Hg concentrations in the assessed country and 

store-bought (market basket) food items. For example, fish, seal meat and organ, and 

wild bird egg EPCs were UCLM95 values that are similar to upper percentiles of the 

MeHg and inorganic Hg concentrations in these food items.  

 It was conservatively assumed that human receptors spend 100% of their time within 

their study area communities where they are assumed to ingest the assessed country 

and store-bought food items, even though many local residents may be reasonably 
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expected to be away from their study area communities for a few to several weeks per 

year. 

 A number of factors which likely reduce the bioaccessibility and bioavailability of MeHg 

(and inorganic Hg), and that may also reduce the potential toxicity of MeHg and 

inorganic Hg, were acknowledged, but not quantitatively accounted for in the HHRA 

(See Sections 2.5.1.1, 2.6.3, and 3.5). Because of these factors and interactions, actual 

MeHg and inorganic exposures would likely be lower, perhaps substantially lower, than 

those estimated in the HHRA. 

 The oral RAF values that were assumed in the HHRA (Appendix B) are conservative and 

likely overestimate the bioavailability of MeHg and inorganic Hg in the assessed food 

items to the assessed human receptors. 

 The use of surrogate THg concentration data in the HHRA for the assessment of game 

bird and mammal ingestion exposure pathways, while necessary, is a source of 

uncertainty. However, the surrogate data that were identified and used are believed to 

be reasonably representative of likely THg concentrations in LCHGP study area game 

meats and organs.  

 Treatment of data for the HHRA was conducted in a manner that is intentionally 

conservative (i.e., tending towards overestimation of exposure and risk). For example, 

concentrations of THg in the assessed food items which were below the laboratory RDL 

were assumed to be present at the RDL (this is the most conservative way to treat a 

"non-detectable" result, and will not underestimate the true concentration in the 

sample, which theoretically, could be any value between zero and the RDL). 

 There were a number of uncertainties and conservative assumptions related to the 

assessment of the infant breast milk ingestion exposure pathway, as follows: 

o The selected factor for biotransfer of MeHg from maternal blood to breast milk 

was the highest noted to date in the scientific literature and likely 

overestimates the quantity of MeHg that would likely be transferred from 

maternal blood to breast milk. The available literature indicates that rates and 

quantities of MeHg transfer from maternal blood to breast milk are highly 

variable and are influenced by a number of physiological and toxicokinetic 

factors in both the mother and the infant, as well as the maternal MeHg doses 

and exposure patterns.  

o While the exposure modelling approach taken for this pathway is considered 

the most appropriate at this time and is believed to result in an overall 

conservative overestimate of infant MeHg exposure, with an associated low 

yet reasonable degree of confidence, there remains a substantial degree of 

uncertainty regarding such aspects as: the accuracy of the WHO one 

compartment toxicokinetic model in estimating maternal blood MeHg levels, 

the variability in maternal blood to breast milk transfer of MeHg (as noted 

above), the toxicokinetics of MeHg in the infant, and the influence of differing 
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breast milk intakes at different infant growth stages (breast milk intake 

generally increases with increasing infant body weight, but the relationship is 

not necessarily linear and can be variable). 

o Breast milk ingestion was only assessed for the infant (which is appropriate 

and conservative), but it is acknowledged that it is not uncommon for breast-

feeding to extend into the early toddler years. Toddlers have higher body 

weights and more developed physiological and biochemical chemical defense 

mechanisms than infants, which suggests that breast-feeding toddlers would 

incur lower MeHg exposures than infants and would likely be better able to 

more readily metabolize and eliminate MeHg than infants could. 

o The HHRA assumed that all infants within the LCHGP study are breast-fed. This 

is a major conservative assumption as it is likely that many study area infants 

are formula-fed, rather than breast –fed. There is evidence to suggest that 

rates of breast-feeding are not likely to be 100% within the LCHGP study area 

communities. For example, Statistics Canada (2013) reported that only 15% of 

Newfoundland and Labrador women breast-fed their infants exclusively for six 

months. Based on statistics for breast-feeding rates at neonatal screening 

centres in the Labrador-Grenfell regional health authority area, up to 73% of 

the subjects indicated breast-feeding their infants (PPNL, 2014) 

o If there is a need to refine estimates of MeHg exposure and risk to breast-

feeding infants (which is not considered necessary at this time, based on the 

final baseline HHRA outcomes), supplementary exposure analysis and/or 

toxicokinetic modelling could occur, but it must be recognized that such 

approaches would be unlikely to further reduce uncertainty and may actually 

increase uncertainty. Should breast-feeding infant exposures and risks be of 

concern in the future, maternal blood and/or breast milk biomonitoring 

programs may yield more relevant and accurate MeHg exposure data than can 

be achieved through modelling approaches. 

 In general, the WHO one compartment toxicokinetic model for MeHg, which was used 

to estimate receptor blood MeHg concentrations (which were in turn used to estimate 

hair and breast milk MeHg concentrations), has relatively high uncertainty due to the 

known variability in MeHg elimination kinetics (such as its half life in blood), and 

variable absorption efficiencies in humans that are likely much lower than what this 

model assumes. Nonetheless, this model yields conservative estimates of MeHg 

concentrations in human blood (estimated from external doses), and there is extensive 

regulatory precedent for its use in numerous MeHg HHRAs, benchmark development 

programs, and public health programs around the world.  

 The use of deterministic (or point estimate) exposure analysis techniques in the HHRA 

is an approach that tends to generally overestimate potential exposures and risks, as it 
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involves the assessment of upper bound or reasonable worst case exposure 

parameters, as well as food item and media concentrations of COPCs . 

 Store-bought (market basket) food concentrations from U.S. and Canadian total diet 

studies (TDS), and other selected literature, were used to estimate receptor exposure 

to MeHg and inorganic Hg from the consumption of store-bought foods. These data 

are based on national surveys in Canada and the United States, and may not 

necessarily be representative of the MeHg and inorganic Hg concentrations in such 

food items purchased from grocery stores in Labrador. However, this same situation 

applies to any community. In general, there is little to no reason to expect substantial 

differences in market basket food chemical concentrations within North American food 

supplies. The total diet study programs largely exist for the purpose of estimating the 

contribution that commercial food products make to chemical exposures within the 

general population and they are often the only available sources of such data. Thus, 

the data from these programs are commonly used in HHRAs. Health Canada endorses 

the use of TDS data in HHRAs when more detailed or recent provincial or regional 

surveys are not available (which is the case for the LCHGP study area). The 

representativeness of national scale TDS food item chemical concentration data to a 

given population of interest is a source of uncertainty in virtually every HHRA that 

assessed chemical exposures from food item consumption. 

 The use of the mass loss factor, which was applied to country food items where the 

THg concentrations were determined in raw (un-cooked) samples, likely overestimates 

potential MeHg and inorganic Hg concentrations in these food items. However, its 

application is believed to be appropriate and more realistic than the alternative of not 

adjusting raw food item chemistry data to reflect moisture and fat loss during cooking 

processes. 

 Although the consumption rates and frequency information obtained in the baseline 

DS was ground-truthed against similar data from a number of other dietary surveys 

conducted across Canada and the U.S. (and deemed to be conservative and 

reasonable), all dietary studies have inherent uncertainty as to how well they 

represent the broader population beyond those who participated in the surveys. Also, 

there are many well known sources of potential bias in any dietary survey that relate 

to the types of surveys that can be conducted, recall bias by participants and observer 

or recorder bias. There are four common survey approaches to quantifying country 

food item consumption: community harvest surveys, food use frequency surveys (i.e., 

FUFS, as used in the baseline DS), 24 hour food recall surveys, and food diaries. Each 

approach poses its own unique challenges, each has various pros and cons, and each 

has sources of bias or uncertainty that can result in inaccurate/uncertain estimates of 

country food consumption rates, amounts and frequencies. There is no one ideal 

design that will reliably and consistently yield more accurate data than another. Also, 

some of the detailed types of surveys (such as food diaries) frequently suffer from low 
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participation rates as they require more time and effort on the part of the participants. 

This can be viewed as onerous for them and can lead to less accurate results than 

those obtained through administration of a simpler and less onerous FUFS. The 

baseline DS used a FUFS design in order to efficiently obtain key dietary information 

from the study area communities in a practical manner that would encourage a 

reasonable degree of community participation. Ideally, a number of survey designs 

would be employed to try and best characterize the variability in responses and to 

increase the likelihood that responses are accurate and reasonable, but this is rarely 

feasible. The FUFS design used in the baseline DS was considered the most practical 

and logistically feasible survey type at the time, and its outcomes yielded consumption 

rates and frequencies that were considered reasonable, representative and realistic 

(based on the outcomes of the validation and ground-truthing exercise). However, it is 

acknowledged that uncertainty remains in relation to the outcomes of the baseline DS, 

and future follow-up dietary surveys may be conducted (if deemed necessary) to refine 

current estimates of country food consumption patterns among the LCHGP study area 

communities, and/or to account for potential future changes to study area country 

food consumption patterns. 

 The HHRA conservatively assumed consistent and continuous consumption patterns 

for the assessed food items over a year. While many fish and game-based foods can be 

stored or preserved once harvested and consumed throughout a year (e.g., frozen, 

bottled, pickled, salted), there are some foods that are only consumed seasonally 

and/or rarely (e.g., wild bird eggs). 

 The HHRA focused on the assessment of chronic exposures to MeHg and inorganic Hg 

in the assessed food items. While it is recognized that the consumption of some of the 

assessed food items may likely best be represented by subchronic, acute or even 

subacute scenarios, there is presently a lack of reliable or sound regulatory guidance 

for assessing such exposure durations in HHRA, and an even greater lack of reliable 

TRVs that are appropriate to apply for less than chronic exposure durations. 

 The baseline HBP (hair sampling and analysis program) was conducted primarily in late 

November to early December of 2014 and is believed to have captured periods of 

potential Hg exposure that coincide with periods when country food harvesting tends 

to occur (i.e., the hair samples represent roughly 3 or more months of exposure which 

would capture the September to November period for most participants). However, 

country food harvesting and consumption is seasonal for some species but not others 

and generally occurs throughout the year to varying degrees. Thus, it is difficult to have 

high confidence that the worst case periods were captured in the baseline HBP. 

However, given the previous discussions herein on the measured and predicted hair 

THg or MeHg data, there is moderate confidence that periods of higher country food 

harvesting are reflected in the measured hair THg data. The half-life of MeHg in blood 

is approximately 2 months (Berglund et al., 2005). Thus, even after consumption of a 
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food item that contains MeHg ceases, there will continue to be transfer of MeHg from 

blood to hair for at least several weeks post-exposure. There is always inherent 

uncertainty in the representativeness of data collected from any human biomonitoring 

program.  

 While the sample size achieved in the baseline DS and HBP met targets (i.e., 293 

achieved versus 300 targeted), it is acknowledged that this is a relatively small sample 

size and it is uncertain how well the DS responses and hair data for these 293 

participants represents the broader populations in their communities. Despite this 

uncertainty, the obtained sample size was considered reasonable for HHRA purposes. 

This is supported by the outcomes of the ground-truthing exercise conducted for the 

DS-generated consumption rates and frequencies, and the fact that DS (and HBP) 

participants represented the consumption patterns and Hg exposure rates of their 

households (N=1157) in addition to their individual selves. As such, the DS and HBP 

outcomes are considered to be reasonably representative of the broader populations 

within the LCHGP study area communities. It is noted that the DS and HBP were not 

designed to be population health research or surveillance studies nor any kind of 

epidemiology study. It is generally not required or necessary, nor is it generally 

possible that food consumption pattern information in HHRAs be based on such 

population health studies, which may or may not be more statistically rigorous (such 

studies also often suffer from low sample sizes; also, the study area communities 

themselves have relatively small populations that would preclude the use of many 

public health surveillance or epidemiological study designs). Nonetheless, should there 

be data gaps or issues identified that would benefit from implementing further DS and 

HBP studies, the potential option of conducting future follow-up DS and/or HBP studies 

will be duly considered. It is also noted that the baseline DS and HBP represent the first 

attempts in most study area communities to obtain diet pattern and baseline human 

Hg exposure information. It is also noted that the achieved sample sizes in the baseline 

DS and HBP are larger than what many published studies of human MeHg exposure 

and risk report, including the Canuel et al., (2006) study that was conducted in 

Sheshatshiu. 
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5.0 HHRA Conclusions and 
Recommendations 

5.1 HHRA Conclusions 

Based on the outcomes of the HHRA LOEs, as described and discussed in Section 3.0, the final 

baseline HHRA concludes that there is a low to negligible potential for human health risk 

resulting from MeHg exposure, and a negligible potential for human health risk resulting from 

inorganic Hg exposure. The calculated MeHg and inorganic Hg exposures and risks are similar 

to what would be expected in numerous communities in North America where food 

consumption patterns comprise the ingestion of both store-bought foods and country food 

items that are of aquatic origin. 

 

A brief summary of the key final baseline HHRA LOE outcomes follows (See Section 3.0 for 

details).  

 

 Calculated HQs for inorganic Hg suggested a negligible potential for human health risk. 

 Calculated HQs for MeHg suggested a negligible to low potential for human health risk. 

 All calculated HQs are considered to be substantial overestimates of potential human 

health risk due to the various and numerous conservative approaches and assumptions 

that were used/applied in the HHRA. In particular, the HHRA did not quantitatively 

account for the numerous interactions between MeHg and inorganic Hg and other 

substances in the assessed food items that would likely reduce the bioaccessibility, 

bioavailability and toxicity of these COPCs, nor did the HHRA account for other factors 

(such as cooking processes) that also likely reduce the bioaccessibility, bioavailability 

and toxicity of MeHg and inorganic Hg.  

 Country food items dominate as potential sources of MeHg and inorganic Hg exposure 

in some but not all LCHGP study area communities. 

 Comparisons of measured hair THg and MeHg concentrations (for baseline DS and HBP 

participants) against regulatory toxicological guidelines for THg/MeHg in hair indicated 

no human health concerns. 

 LCHGP study area DS and HBP participants had hair THg concentrations that were 

similar to those observed in a number of other First Nations communities located 

across Canada. 

 Predicted hair MeHg concentrations in the assessed receptors (which are conservative 

overestimates) had a low frequency of exceedance and low margins of exceedance 

over regulatory toxicological guidelines for THg/MeHg in hair, and do not suggest a 

potential human health concern. 
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 Predicted blood MeHg concentrations in the assessed receptors (which are 

conservative overestimates) also had a low frequency of exceedance and low margins 

of exceedance over regulatory toxicological guidelines for THg/MeHg in blood, and do 

not suggest a potential human health concern. 

 There was a generally low frequency of exceedance for LCHGP study area fish muscle 

THg concentrations over conservative human health-based fish tissue residue 

guidelines for THg/MeHg. 

 LCHGP study area THg concentrations in fish, seal and wild bird eggs are not elevated 

relative to reported THg concentrations in these food items for numerous other 

northern locations in Canada, the U.S., and Europe.  

 

Final baseline HHRA outcomes do not indicate a need for corrective action or risk management 

(such as specific consumption advisories) at this time. 

5.2 Recommendations 

While final baseline HHRA outcomes do not indicate a need for corrective action or risk 

management at this time, the HHRA results do however, suggest that standard precautionary 

measures related to MeHg or THg in fish and other country foods of aquatic origin should apply. 

 

For example, despite the conservatism and the high likelihood that the HHRA substantially 

overestimated MeHg exposures and risks to nursing mothers, breast-feeding infants, females 

of child-bearing age and the developing fetus, standard universal advice that pregnant women 

and nursing mothers avoid, restrict or temporarily cease their consumption of certain country 

and store-bought food items that tend to be elevated in MeHg, is prudent, and should apply 

within the LCHGP study area communities. It must be recognized that this well established 

precautionary advice applies to pregnant women and nursing mothers anywhere, and is not 

made for the study area communities because of final baseline HHRA outcomes. 

 

It must also be recognized that there are numerous and universally very well established 

benefits (to both the infant and mother) of breast-feeding, and HHRA outcomes indicate no 

reason whatsoever for there to be concerns regarding breast-feeding in relation to baseline 

levels of Hg exposure within LCHGP study area communities. In general, breast-feeding should 

never be stopped due to fears over chemical exposure unless specifically recommended by a 

physician. Even in rare situations where a mother does have elevated exposures to certain 

chemicals that can accumulate in breast milk (which is not the case in the final baseline HHRA), 

the benefits of breast-feeding far outweigh the potential health risks from chemical exposure 

in the overwhelmingly vast majority of cases.  

 

Given the conservative HHRA outcomes, there is no cause for concern in relation to potential 

infant MeHg exposures that may be incurred via breast-feeding. Thus, any new or soon-to-be 
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mothers within the study area communities should continue to be encouraged to breast-feed 

their infants and young toddlers, if they are able to. Following the standard universal 

precautionary measures will further minimize what is an already negligible to very low 

potential for exposure and risk.  

 

In addition (as noted previously in Dillon, 2016), it may be prudent to recommend to those 

study area residents that consume ringed seal meat and organs, that only younger ringed seals 

be harvested for human consumption (as older seals tend to have higher THg concentrations in 

both their muscle and liver tissue). Typically, it is the younger seals that are preferentially 

harvested, but encouraging this practice would likely minimize the Hg exposures that may be 

incurred from seal meat and liver consumption.  

 

Final baseline HHRA outcomes also do not indicate a need for monitoring or further study 

beyond what is currently occurring within existing monitoring programs and beyond what is 

currently proposed for post-HHRA studies and programs. The ongoing monitoring programs 

will continue to provide data that enables tracking of MeHg and THg concentrations in the 

assessed country food items of interest. The aquatic EEM program will also continue to collect 

data on selenium and PUFA in study area fish and seal muscle tissue samples, which will 

provide information that will be helpful should there be a need for future consumption 

advisories. Should future monitoring data suggest a need to modify or expand these 

monitoring programs, adaptive management approaches will enable appropriate changes to be 

made, where/if warranted.  

5.2.1 Potential Future Risk Management Measures 

For scenarios where food items may be contaminated by chemicals such that their 

consumption may pose potential human health risks, the most common risk management 

measure or approach is to issue specific consumption advisories (CAs). Often, few other 

options are feasible or available. CAs are very commonly applied around the world as the 

primary and often only form of mitigation for addressing increased MeHg concentrations in 

fish and other harvested country food items affected by hydroelectric projects. Thus, CAs are 

likely to be the primary risk management approach if future MeHg levels within study area 

food items increase such that they may pose a potential human health risk.  

 

The potential need for CAs (or possibly other risk management options) will be largely 

determined based on the outcomes of operations phase monitoring programs, particularly the 

aquatic EEM program, and will be informed as well by the outcomes of the final baseline HHRA. 

Essentially, the potential need for CAs would be triggered by trends of increasing THg levels in 

study area fish muscle samples and ringed seal muscle and liver samples. 
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Future HHRA studies are not likely to be necessary to support CA programs. Rather, the final 

baseline HHRA models and approaches can be modified and adjusted to provide information 

and outcomes that would support any risk-based approaches that may be applied within future 

CA programs.  

 

It is important to acknowledge that while CAs can often be partially risk-based, they are 

certainly not entirely dependent on HHRA outcomes. While HHRA outcomes and/or other risk-

based approaches can clearly be important considerations in determining if consumption 

advisories are warranted, the need for advisories (and the form that advisories take) typically 

considers various other factors too, such as the variability in chemical concentrations within 

the food items of interest, the health and nutritional benefits of consuming a certain food item, 

potential interactions of the chemical of interest with other substances in consumed food 

items, the social and cultural benefits of consuming a certain food item, and various practical, 

economic and communications considerations as well. CAs can be approached, developed, 

implemented and communicated in a number of ways. CAs are often an inexact and complex 

process that must be carefully planned if they are to have a reasonable likelihood of being 

effective risk management measures. When CAs are based solely on HHRA outcomes, any 

uncertainties within the HHRA (which can be substantial) transfer to the development of CAs. 

This is why robust CA programs must consider factors other than just calculated potential 

human health risks. It must also be recognized that CAs are more about caution and prevention 

than they are about addressing imminent health risks. In situations of imminent harm, 

prohibitions are more effective risk management measures than CAs. A consumption advisory 

issued for a specific food item does not mean that the food item is not safe to eat; rather, it 

means that the amount eaten and the frequency by which it is eaten should be reduced to 

avoid potential health risks that may occur if the food item is consumed at the current or 

higher rate and/or frequency.  

 

Should CAs become necessary, they would be anticipated to provide specific cautionary 

consumption information on the affected species, as well as meal size recommendations, and 

recommended meal consumption frequency.  

 

As has been noted previously, a detailed CA program and protocol will be developed in 

forthcoming LCHGP HHRA program documentation (under separate cover from the final 

baseline HHRA). This documentation will include information regarding considerations for, and 

the design and implementation of CAs, including the need for collaboration with Health 

Canada, NLDHCS and NLDEC, Labrador-Grenfell Health, and potentially other groups and 

organizations, as necessary (such as NG, NCC, Innu Nation). This documentation will also 

acknowledge CA approaches used by a number of regulatory authorities in North America and 

will acknowledge previous efforts made during the EA of the LCHGP to develop an approach to 

CAs (e.g., Golder, 2011; JRP.IR# 156). The overall LCHGP HHRA program includes tasks and 
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activities related to research and review of existing science and policy that underlies the 

issuance of CAs. Thus, if/when such actions become necessary, it will be possible to apply the 

most sound and defensible science and policy in deciding whether or not to issue advisories, 

determining what the advisories will entail, and communicating the advisories to affected 

communities and stakeholders. In the event of CAs being necessary, there will be consultation 

with Health Canada, NLDEC, NLDHCS, Labrador-Grenfell Health, Aboriginal groups (including 

the Innu, and Inuit as represented by the Nunatsiavut Government) and others as necessary, 

prior to the issuance and communication of consumption advisories. 

 

It is noted that CAs for MeHg or THg in fish are extremely common across North America and 

around the world, and include numerous areas where there is no influence of hydroelectric 

power generation or point sources of Hg emissions or discharges. The following webpages 

illustrate the widespread and common nature of fish CAs for MeHg/THg (e.g., 

https://fishadvisoryonline.epa.gov/Advisories.aspx; https://www.epa.gov/fish-tech; 

https://www.ontario.ca/environment-and-energy/eating-ontario-fish.  

There are also current fish CAs in Newfoundland and Labrador that are based on Hg levels in 

certain fish species (http://www.ec.gc.ca/mercure-mercury/). Overall, Hg is the single biggest 

reason for fish CAs anywhere in North America. There are thousands of fish CAs in place for Hg 

at any given time in North America.  

 

There are also existing current commercial fish consumption advisories for Hg that are 

presented in Health Canada (2007) and CFIA (2014).  

5.2.2 Potential Future Diet Surveys and Human Hair Sampling Programs 

As it is expected that increased MeHg levels in study area environmental media and key 

country food items would not manifest for a number of years post-inundation, there is no 

anticipated need to conduct additional DS and/or human hair sampling programs on an annual 

basis. Rather, it is expected that outcomes of the ongoing EEM programs, which will continue 

to track THg and MeHg concentration trends in study area fish and seal, will inform on the 

need for and timing of future operations period DS and/or HBP studies (e.g., if MeHg trends up 

in commonly consumed fish over a few monitoring/sampling events, that may serve as a 

trigger for follow-up studies to confirm current consumption patterns and/or determine if 

changes have occurred to baseline human hair THg/MeHg concentrations). In the event that a 

future DS and HBP is warranted, it would be anticipated that the same communities (as 

surveyed and sampled in the baseline DS and HBP) would likely be targeted. However, follow 

up studies with human subjects are often not able to target the same individuals, for a number 

of reasons (out-migration, death, illness, refusal or lack of interest to participate etc.). It should 

also be recognized that it could be a number of years between baseline DS and HBP studies 

and similar post-operations follow-up DS and HBP studies. 
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In the event that future DS and/or HBP studies are necessary, it is suggested that such 

programs could potentially be facilitated by cooperation or collaboration with the 

organizations involved in developing and implementing CA programs, such that future 

collection of data on individual’s dietary patterns and/or hair THg or MeHg concentrations (or 

potentially blood THg or MeHg levels if there is reason to do so, due to heightened concerns or 

identification of “at risk” individuals), could be conducted at community public health clinics or 

physician’s offices. 
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7.0 Closure 

This report was prepared exclusively for the purposes, project, and location(s) outlined in the 

report. The report is based on information provided to, or obtained by Dillon Consulting 

Limited ("Dillon") as indicated in the report, and applies solely to conditions existing at the 

time of the assessment. Although a reasonable level of assessment was conducted by Dillon, 

the HHRA was not exhaustive and cannot be construed as a certification of the absence of any 

additional contaminants or issues of potential concern. Rather, Dillon's report represents a 

reasonable review of available information within an agreed work scope, schedule and budget. 

Further review and updating of the HHRA may be required as local study area conditions, and 

the regulatory and planning frameworks, change over time. 

 

This report was prepared by Dillon for the sole benefit of Nalcor Energy. The material in it 

reflects Dillon’s best judgment in light of the information available to it at the time of 

preparation. Any use which a third party makes of this report, or any reliance on or decisions 

made based on it, are the sole responsibilities of such third parties. Dillon accepts no 

responsibility for damages, if any, suffered by any third party as a result of decisions made or 

actions based on this report. 

 

This report was prepared by Rob Willis, B.Sc., M.E.S., EP, QPRA, and Shawn Forster, P.Eng.  

 

 

 
              

Project Manager 
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Appendix A: Summary of Regulatory 
Context and Requirements for the Final 
Baseline HHRA and EA Commitments 
Related to the LCHGP HHRA Program 
 

The LCHGP underwent a comprehensive federally and provincially-regulated Environmental 

Assessment (EA), including a Joint Review Panel (JRP) process. The Project was released from 

EA in March of 2012. As a condition of release from EA, Nalcor is required to fulfill various 

regulatory and non-regulatory commitments outlined in the 2009 EIS, including mitigation 

measures, environmental management and monitoring, and follow up. In addition, Nalcor has 

committed to implementing a number of recommendations made in various post-EA 

documents. This appendix summarizes the regulatory drivers and requirements that have led 

to the current HHRA study, the regulatory context underlying these drivers and requirements, 

as well as various non-regulatory commitments that Nalcor has made both in the EA 

documentation and in a number of subsequent post-EA documents, which relate to MeHg, 

HHRA, and country food contamination.  

Nalcor has committed to completing a final baseline HHRA following Project sanction and 

before the Project changes the conditions of the river (i.e., prior to reservoir flooding). 

 

A-1 Regulatory Drivers and EA Commitments 
 

Regulatory drivers that relate to the LCHGP HHRA program are largely based on the regulatory 

drivers that relate to MeHg.  

 

The primary documents that pertain to regulatory drivers are the Final EIS Guidelines (issued 

jointly by the Government of Canada and Government of Newfoundland and Labrador in July, 

2008), the EA Release Letter from Newfoundland and Labrador Department of Environment 

and Conservation (dated March 15th, 2012), NL Regulation 18/12 (which came into effect 

March 15th, 2012), and the Fisheries Act Authorization. A summary of the key requirements in 

these documents that relate most directly to human health and MeHg are provided below.  

 

A key concern in the Guidelines was that inundation of vegetation with respect to reservoir 

preparation would lead to mercury uptake by various biota and humans. The Guidelines 

stipulated the following requirements for major components considered in the overall EIS.  
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 Aquatic Environment: The Proponent shall describe the relevant components of the aquatic 

environment within the study area of the VECs, including the following:  

(h) Mercury concentrations, mobility and fate within the ecosystem to be affected by the 

Project, including in water, fish and fish-eating wildlife at representative levels of the food chain 

as determined in an ecological risk assessment that includes freshwater and marine fish and 

fish-eating wildlife. 

 

 Terrestrial Environment: The Proponent shall describe the relevant components of the 

terrestrial environment within the study area of the VECs, including the following:  

(e) For areas that will be flooded, the levels of mercury and other potentially toxic metals in the 

soils, in particular for soils with high organic content and inundated soils (ortstein); (o) Mercury 

concentrations, mobility and fate within the riparian ecosystem, with an emphasis on 

representative species at various levels of the food chain as determined in an ecological risk 

assessment. 

 

 Communities: The Proponent shall describe relevant community elements in the study areas of 

the VECs, including the following:  

 

(c) Human health - Dietary changes that could lead to health risks from methylmercury (MeHg). 

 

As the Project is likely to result in an increase in mercury (Hg) concentrations in fish, the 

Proponent shall assess the human health risk associated with mercury exposure. 

o This assessment should consider the presence of contaminants in fish (for each species 

of interest for human consumption) in the study area, including the variations based 

on fish size and weight, as well as representative fish consumption data for the 

consumers affected by the Project. The Proponent shall identify the species of fish and 

specific portions of the fish that are consumed by humans and determine baseline 

mercury concentrations in the species and tissues expected to be consumed by 

humans. The Proponent shall also take into account the recommended consumption 

standards. It is recommended that the Proponent use recognized toxicological 

reference values. The calculation of mercury exposure should take into account the 

possible contribution of other local sources, in particular traditional food (e.g., 

predators of contaminated fish or waterfowl) and discuss the cumulative effect of the 

contribution of these other sources. 

o In addition, the Proponent shall: (a) Characterize the current fishing patterns, including 

fishing location, frequency, and variability in consumption between communities and 

within a single community and determine whether this pattern may change following 

the construction of the dams; (b) Develop a baseline of MeHg exposure of the local 

human population in general and of groups at risk, in particular children and toddlers, 

and women of childbearing age, which can be accomplished through dietary surveys 

and human hair sampling; (c) Present and justify the period deemed adequate to 

reduce the quantity of mercury ingested and consider the toxicological risk, on 

sensitive human populations, associated with the consumption of large quantities of 

fish (e.g., during a weekend of fishing); (d) Discuss the views of local human 
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populations regarding mercury and its influence on the changes observed in their diet 

and consequently on their health in general; (e) Review the results of the research 

undertaken in the region as relevant. This review shall outline current knowledge and 

contribute to a better understanding of the evolution of mercury exposure among 

local human populations; and (f) Present the health effects of very long-term exposure 

to mercury at concentrations that are generally below those producing noticeable 

effects and discuss existing consumption standards. 

o The collection of baseline data of MeHg exposure of the local human population 

should be completed, including a review by Aboriginal groups and appropriate 

government agencies, before the Proponent changes the conditions of the Churchill 

River in any way that could affect mercury concentrations.  

 

 Component Studies: Component studies shall be prepared for at least the following VECs: 

(h) Mercury (both in terms of increased concentrations in ecosystems and in humans). 

 

 Mitigation: Mitigation measures shall be described for the construction, operation and 

maintenance phases and shall include:  

 

g) Methods of soil and vegetation preparation employed to mitigate the release of mercury and 

MeHg from flooded soils and vegetation; 

(h) Measures which would be taken to reduce or offset adverse effects of increased mercury 

and MeHg concentrations in fish, fish-eating wildlife, and human consumers of fish and fish-

eating wildlife. 

 

The EIS and its associated component and supporting studies successfully addressed the 

Guidelines requirements for the most part. An interim HHRA was conducted (Golder, 2011), 

that utilized available data at the time but diet surveys, a human hair sampling program, and a 

final baseline HHRA were deferred until post-EA.  

 

NL Reg. 18/12, also referred to as the Lower Churchill Hydroelectric Generation Project 

Undertaking Order, released the LCHGP from environmental assessment and set conditions for 

this release that Nalcor must meet. Conditions that pertain to MeHg and human health risks 

are summarized below (excerpted from NL Reg. 18/12). 

 
The release of the Lower Churchill Hydroelectric Generation Project from environmental assessment 

under section 3 is subject to the following conditions:  

 
(a) Nalcor Energy shall abide by all commitments made by it in the Environmental Impact 

Statement dated February 2009, and all the Environmental Impact Statement Additional 

Information Requests made by the Lower Churchill Hydroelectric Generation Project 

Environmental Assessment Panel and consequently submitted by Nalcor Energy, and the 

submissions made by Nalcor Energy during the panel hearings and, subsequent to the hearings, 
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to the panel, unless one or more of the commitments, or a part of a commitment is specifically 

waived by the minister;  

(e) Nalcor Energy shall prepare and abide by the requirements of environmental effects monitoring 

plans for all phases of the project, and those plans shall be submitted to and approved by the 

Minister of Environment and Conservation or the appropriate minister of the Crown before the 

commencement of an activity which is associated with or may affect one or more of the 

following matters:  

 (ii)  aquatic, 

 (iii) water quality, 

 (iv) methylmercury, 

 (xii) contaminant levels in country foods, 

 (xxii) human health. 

As NL Reg. 18/12 specifically references commitments made by Nalcor in the EIS, commitments 

made by Nalcor in response to information requests (IRs) during the EA JRP process, and 

commitments made by Nalcor in submissions to the Panel both during and subsequent to the 

Panel hearings, such commitments are, in effect, regulatory requirements. 

 

The EA Release letter largely echoed the conditions listed in NL Reg. 18/12. Specifically, the 

letter states the following items that relate to human health risk, or MeHg: 

 
The project (LCP) is released under the Environmental Protection Act subject to the following 

conditions: 

 Nalcor Energy shall abide by all commitments made in the Environmental Impact Statement 

dated February 2009, the Environmental Impact Statement additional information requests by 

the panel (submitted and dated July 3, 2009, November 8, 2009, August 9, 2010, and January 10, 

2011), and the submissions made by Nalcor during the Lower Churchill Generation Project 

Environmental Assessment Panel hearings and, subsequent to the hearings, to the panel, unless 

one or more of the commitments, or a part of a commitment is specifically waived by the 

Minister of Environment and Conservation; 

 

 (e) …prepare and abide by the requirements of environmental effects monitoring plans for all 

phases of the project, and those plans shall be submitted for the approval of the Minister of 

Environment and Conservation or the appropriate minister of the Crown prior to the 

commencement of an activity which is associated with or may affect certain components of the 

environment. 
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The LCHGP is also subject to Sections 32(2) and 35(2)(b) of the Fisheries Act. The following 

sections of the Fisheries Act Authorization (13-01-005) are applicable to the HHRA: 

 

 Section 6 – The Proponent shall undertake an EEM Program as outlined in the LCP Aquatic 

Effects Monitoring Program – Muskrat Falls dated February 2013, to monitor and verify the 

predicted effects of the proposed development from a fish and fish habitat perspective 

including downstream effects, methylmercury bioaccumulation in fish and fish entrainment at 

the Muskrat Falls facility by: 

o 6.3: Methyl mercury bioaccumulation shall be monitored annually to determine levels 

in resident fish species, including seals, both within the reservoir and downstream as 

per established monitoring schedule, to record and report peak levels and subsequent 

decline in background levels. 

 

Details related to the Aquatic EEM Program can be found in the LCP Aquatic Environmental 

Effects Monitoring Plan (EEMP) document (see LCP-PT-MD-9112-EV-PL-0001-01), which is 

available at the following website: 

https://muskratfalls.nalcorenergy.com/environment/generation/.  

 

Summary of EA and Post-EA Commitments that Pertain to MeHg, Country Food 

Contamination and Human Health 

 

Based on information provided in the EIS Volumes, the JRP (2011a,b) reports, and other LCP 

documentation produced post-EA, Nalcor made the following commitments that relate 

specifically to Hg, MeHg, country food contamination and human health.  

 Nalcor will implement an extensive aquatic monitoring program to monitor fish Hg 

concentrations annually for the first ten years following inundation, to verify EA 

predictions and to identify whether adaptive management would be needed. 

Monitoring frequency could then be adjusted, depending on program results. 

 If the predictions made in the EIS were incorrect, Nalcor has identified consumption 

advisories (CAs) as the primary means by which downstream effects from Hg would 

most likely be addressed, and will work with Aboriginal stakeholders to monitor Hg in 

fish and seals downstream (and potentially other harvested country food items as 

necessary), and to discuss potential alternatives to CAs. Nalcor has also committed to 

implement adaptive management measures to refine and optimize relevant mitigation, 

monitoring and follow-up in the event that Project effects are not as predicted in the 

EA and/or if primary mitigation efforts are ineffective.  

 Nalcor will conduct an extensive communication program to address CAs. 

 For the final baseline HHRA, Nalcor will conduct food consumption surveys and human 

hair sampling in the communities of Mud Lake, North West River, Happy Valley-Goose 
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Bay, Rigolet, and Sheshatshiu. Additional sampling may be implemented based on 

Aboriginal collaboration and dietary surveys. 

 Nalcor will continue to monitor Hg levels in fish in the reservoirs, and in fish and seal 

downstream of Muskrat Falls in Goose Bay and Lake Melville, to inform the associated 

CAs, and will consult government agencies, local communities and Aboriginal groups to 

effectively communicate advisories specific to each fish species and for seal, as 

appropriate. 

 Nalcor will design extensive monitoring and mitigation programs to ensure that Hg 

exposure will not produce unacceptable risk to human health. In addition, Nalcor will 

cooperate with Health Canada in finalizing the baseline HHRA and in designing CAs and 

communications strategies to ensure that the proposed mitigation strategy is 

appropriate and effective. 

 Proposed mitigation measures and monitoring related to MeHg will include the 

following: 

o complete a final baseline HHRA to assess the potential human health risk 

associated with Hg exposure, addressing Health Canada’s modelling concerns 

regarding meal size and frequency of consumption; 

o consult with government agencies, local communities and Aboriginal groups to 

effectively communicate advisories for specific fish species and for seal, as 

appropriate; 

o collect additional baseline data on Hg by conducting a food consumption 

survey and hair sampling in the communities of Mud Lake, North West River, 

Happy Valley-Goose Bay, Rigolet, and Sheshatshiu; 

o monitor baseline MeHg data in fish and seal in Lake Melville and, depending on 

the results, consider the possibility of conducting food consumption surveys 

and hair sampling in other communities, such as Rigolet; 

o monitor MeHg levels after impoundment, in fish in the lower Churchill River, 

Goose Bay and Lake Melville, and in seal downstream of Muskrat Falls to 

inform CAs; and, 

o monitor fish Hg concentrations annually for the first ten years following 

inundation to verify predictions. 

 Nalcor will form a Monitoring and Follow-up Committee comprised of representatives 

of Aboriginal groups, communities, impartial scientific experts, and federal and 

provincial regulators. Proposed Committee roles will include: 

o facilitate communication of monitoring and follow-up objectives; 

o define monitoring and follow-up requirements; 

o consider proposals to meet those requirements; 

o review and advise on results; and, 

o provide feedback to Nalcor. 
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 Proposed mitigation measures and monitoring related to downstream effects will 

include the following: 

o work with Aboriginal stakeholders to monitor Hg in fish and seals downstream 

of Muskrat Falls; 

o collect more baseline data on Hg levels in estuarine fish and seals downstream 

of Muskrat Falls and in Goose Bay. 

 Nalcor has also committed to make its monitoring data public, and to prepare annual 

reports that show the results of all of the various monitoring and follow-up programs, 

including dissemination on a Project website (i.e., 

https://muskratfalls.nalcorenergy.com/environment/generation/.)  

 

Summary of Joint Review Panel (JRP) Recommendations and Federal and Provincial 

Responses to JRP Recommendations 

As previously noted, the LCHGP EA was subject to a comprehensive Joint Review Panel (JRP) 

process and JRP reports were prepared (following Panel hearings) that made a number of 

recommendations that pertain to human health risk and MeHg. The responses and 

recommendations that pertain most directly to MeHg and human health are briefly 

summarized below. Further details on these or any of the other JRP recommendations are 

available within either the JRP Summary document, or the main JRP report (i.e., JRP, 2011a,b). 

 RECOMMENDATION 6.5 - Pilot study for methylmercury mitigation through soil removal. 

The Panel recommends that Natural Resources Canada, in consultation with Nalcor and, if 

possible, other hydroelectricity developers in Canada, carry out a pilot study to determine (a) 

the technical, economic and environmental feasibility of mitigating the production of 

methylmercury in reservoirs by removing vegetation and soils in the drawdown zone, and (b) 

the effectiveness of this mitigation measure. The pilot study should take place in a location 

where the relevant parameters can be effectively controlled (i.e., not in the Lower Churchill 

watershed) and every effort should be made to complete the pilot before sanction decisions 

are made for Gull Island. If the results of the pilot study are positive, Nalcor should undertake to 

employ this mitigation measure in Gull Island to the extent possible and monitor the results.  

 

 RECOMMENDATION 6.7 - Assessment of downstream effects. 

The Panel recommends that before Nalcor is permitted to begin impoundment, Fisheries and 

Oceans Canada require Nalcor to carry out a comprehensive assessment of downstream effects 

including: 

o identifying all possible pathways for mercury throughout the food web, and 

incorporating lessons learned from the Churchill Falls project; 

o baseline mercury data collection in water, sediments and biota (revised modelling 

taking into account additional pathways, and particularly mercury accumulation in the 

benthos) to predict the fate of mercury in the downstream environment; and, 

o identification of any additional mitigation or adaptive management measures. 
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The Panel also recommended that the results of this assessment should be reviewed by 

Fisheries and Oceans Canada and by an independent third-party expert or experts, and the 

revised predictions and review comments discussed at a forum to include participation by 

Aboriginal groups and stakeholders, in order to provide advice to Fisheries and Oceans Canada 

on next steps. 

 

 RECOMMENDATION 6.8 - Published analysis of downstream effects over time. 

The Panel recommends that Nalcor contribute to the overall knowledge about the effects of 

hydroelectric projects in northern regions by ensuring that a longitudinal analysis of the effects 

of the Project on the downstream environment (Goose Bay and Lake Melville) over an 

appropriate time period, including both mercury transport and bioaccumulation and other 

ecological parameters, is published in a peer-reviewed journal or the equivalent. The Panel also 

suggests that Nalcor consider collaborating with an appropriate independent research 

organization to carry out this recommendation by providing knowledge, data and financial 

resources. 

 

 With respect to Human Health, Country Food and Mercury, the Panel noted that while 

consumption advisories (CAs) may effectively mitigate risk by dissuading people from eating 

certain foods from certain sources, they can also have the effect of reducing confidence in all 

country food, which can lead to negative health consequences. The Panel was not confident in 

the Nalcor prediction that CAs would likely apply to fish caught in the main stem of the Churchill 

River, but not downstream in Goose Bay and Lake Melville. Reasons for low confidence were 

recent information regarding the downstream extent of mercury impacts from the Churchill 

Falls project and concerns raised about the lack of baseline information on existing mercury 

body burdens. Thus, the Panel recommended further assessment of this issue. 

 

 The Panel did not make a similar determination for the main stem of the Churchill River 

because of evidence that few people currently fish there. 

 

 The Panel also recommended that Nalcor be required to enter into negotiations with parties 

representing resource users in Goose Bay and Lake Melville regarding further mitigation, where 

possible, or compensation measures, including financial redress if necessary, should CAs be 

required in this area. 

 

 The Panel also made related recommendations regarding implementation of CAs, monitoring of 

human health and mercury, country food dietary surveys and research about mercury in a 

complete range of country foods (i.e., 13.9 to 13.13, summarized below).  

 

 RECOMMENDATION 13.9 - Possible requirement for consumption advisories in Goose 

Bay or Lake Melville. 

The Panel recommends that if the outcome of the downstream mercury assessment 

(Recommendation 6.7) indicates that CAs would be required for Goose Bay or Lake Melville, 

Nalcor enter into negotiations prior to impoundment with the parties representing – as 

appropriate – Goose Bay and Lake Melville resource users. Depending on where the CAs would 
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apply, these could include Aboriginal groups, the Town of Happy Valley-Goose Bay, Mud Lake 

Improvement Committee, the Town of North West River and the community of Rigolet. The 

purpose of the negotiations would be to reach agreement regarding further mitigation where 

possible and compensation measures, including financial redress if necessary. This 

recommendation would also apply later in the process if the downstream mercury assessment 

indicated that advisories were not likely, but monitoring subsequently required their 

application. 

 

 RECOMMENDATION 13.10 - Consumption advisory implementation. 

The Panel recommends that if fish and seal monitoring indicates that CAs are required, Nalcor 

should: 

o follow Health Canada guidelines regarding the establishment of human mercury 

hazard quotient levels and fish CAs; 

o consult with Aboriginal Affairs and Northern Development Canada regarding best 

practices for the communication of advisories; 

o consult with Aboriginal groups and affected communities regarding an effective 

approach to the communication and implementation of CAs that ensures that affected 

communities have an understanding of the quantities and types of fish that can be 

consumed safely and the health benefits of including fish in one’s diet; 

o ensure that notifications of the CAs are placed at regular intervals in easily visible 

locations along the shorelines of affected water bodies; 

o ensure that CAs are updated as necessary to reflect any changes detected in mercury 

levels in fish or seal; and, 

o provide publicly accessible, up-to-date and accurate information through the internet, 

radio, newspapers and other means regarding the health risks of mercury and the 

status of the advisories.  

 

 RECOMMENDATION 13.11 - Human health and mercury monitoring. 

The Panel recommends that, Nalcor, in collaboration with Health Canada and the provincial 

Department of Health and Community Services: 

o consult with Aboriginal groups and affected communities regarding the approach to be 

taken to baseline and follow-up mercury testing and the communication of results for 

each group; and, 

o establish baseline human mercury levels in Churchill Falls, Upper Lake Melville 

communities and Rigolet, with consideration given to offering blood tests as well as 

hair samples for Innu participants, due to inconsistencies noted in the correlation 

between hair sample results and dietary consumption. 

 

If CAs are required, it is further recommended that Nalcor ensure that a human health mercury 

monitoring program is established concurrently with the issuing of CAs. This monitoring would 

continue until five years after the lifting of advisories, or until such time as determined by 

Health Canada, and would be overseen by the Monitoring and Community Liaison Committee 

described in Chapter 15 of the JRP Report. 
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 RECOMMENDATION 13.12 - Dietary surveys. 

The Panel recommends that if CAs are required as a result of mercury levels in fish or seal, 

Nalcor should conduct ongoing dietary surveys as an integral part of the mercury monitoring 

program, including fish, seal, caribou and other country food. Dietary surveys should be 

conducted concurrently with regular mercury testing in affected communities to determine the 

effectiveness of the advisories and the overall impact on fish and country food consumption. 

 

 RECOMMENDATION 13.13 - Research on mercury in country food. 

The Panel recommends that the provincial Department of Labrador and Aboriginal Affairs, in 

consultation with Health Canada and Aboriginal groups, initiate a study of (a) the extent of 

country food contamination by mercury and other contaminants and (b) human consumption 

levels of country food, particularly in areas where people are also exposed to mercury in fish, to 

identify the potential risks to human health in Labrador.  

 

 Additionally, in recognition that killed or injured fish passing through the turbines could 

contribute to the transfer of methylmercury from the reservoirs to the river downstream, as 

they are eaten by other fish, the Panel recommended that Nalcor carry out additional sampling 

before the Gull Island dam sanction decision to confirm what are believed to be low numbers of 

fish movements and develop a detailed adaptive management strategy. 

 

While the JRP made a number of recommendations related to MeHg and human health risk, it 

is important to recognize that JRP recommendations are not regulatory requirements. 

Following the JRP recommendations on the EA, both the federal government and the NL 

provincial government issued formal responses to the JRP recommendations. 

 

Federal Response 

 

Of the 83 JRP recommendations, the federal government was implicated directly or indirectly 

in twenty. A number of JRP recommendations reflected concerns raised and recommendations 

made by federal departments in the written submissions to the Panel and during the Panel 

hearings.  

 

In their response to the JRP recommendations, the Government of Canada accounted for the 

potential adverse effects of the LCP and the commitments that have been made by the federal 

government related to the recommendations provided in the JRP Report, and those made by 

Nalcor in the EIS and during the Panel hearings. 

 

The Government of Canada requires certain mitigation measures, environmental effects 

monitoring and adaptive management be undertaken by Nalcor, and also requires additional 

studies on downstream effects. This will be done through inclusion of such requirements in 

federal authorizations and approvals. 
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Relevant federal government responses to JRP recommendations which pertain to human 

health and MeHg, are summarized in the following bullets: 

 RE: Recommendation 6.5 – Pilot study for methyl mercury mitigation through soil removal: 

The Government of Canada agrees with the intent of this recommendation and notes that it is 

directed to Natural Resources Canada, Nalcor and, if possible, other hydroelectric developers in 

Canada. However, the Government of Canada cannot commit to carrying out the suggested 

pilot study, and believes that the Panel’s recommended pilot project would be more 

appropriately led by a University-based research group with which Natural Resources Canada 

could collaborate. Thus, there is no federal requirement in relation to this recommendation. 

 RE: Recommendation 6.7 – Assessment of downstream effects: The Government of Canada 

agrees with the intent of this recommendation and notes it is directed to Fisheries and Oceans 

Canada. As a condition of a subsection 35(2) authorization under the Fisheries Act, and prior to 

impoundment, Fisheries and Oceans Canada will require Nalcor to collect additional baseline 

data on bioaccumulation of methyl mercury in fish and on fish habitat downstream of Muskrat 

Falls. Fisheries and Oceans Canada will also require Nalcor to conduct a comprehensive multi-

year program to monitor and report on bioaccumulation of methyl mercury in fish (including 

seals) within the reservoirs and downstream, including the Goose Bay/Lake Melville area. 

 RE: Recommendation 6.8 – Published analysis of downstream effects over time: The 

Government of Canada notes this recommendation is directed to the operations of Nalcor. Thus, 

there is no federal requirement in relation to this recommendation. 

 RE: Recommendation 6.9 – Development of the Aquatic monitoring program: While not 

specific to HHRA, ERA or MeHg, the Government of Canada response agrees with the intent of 

this recommendation and notes it is directed to Fisheries and Oceans Canada. The Government 

of Canada understands the intent of this recommendation is to ensure all interested parties 

have the opportunity to input information into an aquatic monitoring plan and would support 

measures taken to implement this recommendation. There is no federal requirement in relation 

to this recommendation. 

 RE: Recommendation 13.9 – Possible requirement for consumption advisories in Goose Bay or 

Lake Melville: The Government of Canada notes that this recommendation is directed to the 

operations of Nalcor as regulated by the Province of Newfoundland and Labrador, with 

participation from Aboriginal groups, the Town of Happy Valley-Goose Bay, Mud Lake 

Improvement Committee, the Town of North West River and the community of Rigolet. The 

Government of Canada will work with the appropriate parties, as required. Thus, there is no 

federal requirement in relation to this recommendation. 

 RE: Recommendation 13.10 – Consumption advisory implementation: The Government of 

Canada notes that this recommendation is directed to the operations of Nalcor. The 

Government of Canada will work with the appropriate parties, as required. Thus, there is no 

federal requirement in relation to this recommendation. 

 RE: Recommendation 13.11 – Human health and mercury monitoring: The Government of 

Canada notes that this recommendation is directed to the operations of Nalcor as regulated by 

the Province of Newfoundland and Labrador. The Government of Canada will work with the 

appropriate parties, as required. Thus, there is no federal requirement in relation to this 

recommendation. 
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 RE: Recommendation 13.12 – Dietary Surveys: The Government of Canada notes that this 

recommendation is directed to the operations of Nalcor as regulated by the Province of 

Newfoundland and Labrador. The Government of Canada will work with the appropriate parties, 

as required. Thus, there is no federal requirement in relation to this recommendation. 

 RE: Recommendation 13.13 – Research on mercury in country food: The Government of 

Canada notes that this recommendation is directed to the provincial Department of Labrador 

and Aboriginal Affairs. The Government of Canada will work with the appropriate parties, as 

required. Thus, there is no federal requirement in relation to this recommendation. 

 

As previously noted, while the JRP report made numerous recommendations, not all translated 

into federal requirements. In fact, only one JRP recommendation became a federal 

requirement (i.e., Recommendation 6.7 – Assessment of downstream effects). Only JRP 

recommendations that were carried into federal authorizations and approvals are regulatory 

requirements.  

 

Newfoundland and Labrador Government Response 

 

Relevant Provincial government responses to JRP recommendations which pertain to human 

health and MeHg, are summarized in the following bullets: 

 RE: Recommendation 6.5 – Pilot study for methyl mercury mitigation through soil removal: 

The Government of Newfoundland and Labrador notes this recommendation is directed to 

Natural Resources Canada and Nalcor. Thus, there is no Provincial requirement in relation to 

this recommendation. 

 RE: Recommendation 6.7 – Assessment of downstream effects: The Government of 

Newfoundland and Labrador notes this recommendation is directed to Fisheries and Oceans 

Canada and Nalcor. Thus, there is no Provincial requirement in relation to this recommendation. 

 RE: Recommendation 6.8 – Published analysis of downstream effects over time: The 

Government of Newfoundland and Labrador accepts the intent of this recommendation that 

Nalcor make project effects data on the downstream environment available to the 

parties/public and any interested academics/research organizations. However, this is not a 

Provincial requirement going forward. 

 RE: Recommendation 6.9 – Development of the Aquatic monitoring program: The 

Government of Newfoundland and Labrador notes this recommendation is directed to Fisheries 

and Oceans Canada and Nalcor. Thus, there is no Provincial requirement in relation to this 

recommendation. 

 RE: Recommendation 13.9 – Possible requirement for consumption advisories in Goose Bay or 

Lake Melville: The Government of Newfoundland and Labrador accepts the intent of this 

recommendation. If consumption advisories are required as a result of the downstream 

mercury assessment, then Nalcor should consult with downstream resource users on further 

mitigation measures, including the potential for compensation. However, this is not a Provincial 

requirement going forward. 
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 RE: Recommendation 13.10 – Consumption advisory implementation: The Government of 

Newfoundland and Labrador accepts the intent of this recommendation. Government will work 

with Nalcor to ensure that consultation with relevant Aboriginal organizations as appropriate 

will take place to ensure that effective and culturally appropriate communication protocols are 

established to get consumption advisories to those who need them in a timely fashion. 

However, this is not a Provincial requirement going forward. 

 RE: Recommendation 13.11 – Human health and mercury monitoring: The Government of 

Newfoundland and Labrador accepts the intent of this recommendation for Nalcor to consult 

with Aboriginal groups and communities on approaches to baseline and follow-up mercury 

testing, and the establishment of baseline human mercury levels, in collaboration with the 

Department of Health and Community Services. The Government of Newfoundland and 

Labrador believes that the proponent should take the lead with respect to issues related to 

mercury monitoring in people and the environment, including appropriate follow-up action that 

may be required to protect people from harm. The Government of Newfoundland and Labrador 

will work with Nalcor on issues related to mercury exposure and human health. However, these 

are not Provincial requirements going forward. 

 RE: Recommendation 13.12 – Dietary Surveys: The Government of Newfoundland and 

Labrador accepts the intent of this recommendation and will work with Nalcor and, as 

appropriate, Aboriginal organizations to obtain relevant data, including data regarding an Inuit 

Health Survey. This data will inform dietary surveys in relevant communities to determine the 

effectiveness of the consumption advisories and the overall impact on fish and country food 

consumption. However, this is not a Provincial requirement going forward. 

 RE: Recommendation 13.13 – Research on mercury in country food: The Government of 

Newfoundland and Labrador accepts the intent of this recommendation, but believes this study 

should be integrated with recommendations 13.11 and 13.12. That is, this type of information 

should be part of the proponent-led activities described in recommendations 13.11 and 13.12. 

However, this is not a Provincial requirement going forward. 

 

In response to other JRP recommendations that are not directly related to HHRA or MeHg, it 

was noted that the Government of Newfoundland and Labrador accepts the intent of the 

recommendation to establish an Environmental Monitoring and Community Liaison Committee, 

and that the Government is committed to ensuring consultation with affected Aboriginal 

groups, communities, and relevant stakeholders to address public concerns and communicate 

monitoring results. This recommendation received regulatory force in NL Reg. 18/12 (as 

previously described above).  

 

Similar to the federal government responses to JRP recommendations, not all JRP 

recommendations translated into Provincial requirements. Only JRP recommendations that 

were carried into Provincial authorizations and approvals (such as NL Reg. 18/12) are 

regulatory requirements.  
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In general, the Government of Newfoundland and Labrador established no firm requirements 

for Nalcor in its response to JRP recommendations. Rather, the Government “accepts the 

intent” of several JRP recommendations. Some of these recommendations have been 

incorporated into NL Reg. 18/12, which is a regulatory driver for the LCP going forward. A 

number of commitments that Nalcor and the provincial Government have made were also 

referred to in NL Reg. 18/12.  

 

 Expectations, Issues, Claims and Concerns of Key Stakeholders (including Aboriginal 

Organizations) that Relate to Human Health and MeHg 

 

A number of hearing presentations and submissions were submitted during the Panel process 

by the Nunatsiavut Government (NG) and other stakeholder groups. This included various 

information requests (IRs) and associated responses during the EA process and Panel hearings 

process. The majority of issues and concerns raised or addressed in IRs has been addressed in 

the JRP reports (JRP, 2011a,b), and in subsequent regulatory requirements that arose from 

these JRP reports, and are not reproduced herein. 
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Risk Modelling Attachments (Inputs, 
Calculations and Outcomes) 
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Exposure/Consumption Scenarios (By Study Area Community)

Study Area Community
Study Area Locally Harvested Country Food
Items (From Baseline DS)

Consumed to Significant
Extenta (y or n); as Reported
in Baseline DS Outcomes

Store-bought (Market Basket)
Commercial Meat and Seafood
Products (From Baseline DS)

Consumed to Significant
Extenta (y or n); as Reported in
Baseline DS Outcomes

Churchill Falls (CF) Fish and Shellfish Seafood (fresh, frozen, canned)
Rock Cod/Burbot y Arctic char y
Lake Trout y Capelin y
Rainbow Smelt y Cod y
Atlantic Salmon/Ouananiche y Flounder/Turbot n
Brook Trout y Halibut n
Shellfish (e.g., clams, mussels, scallops, crab,
lobster, shrimp) n Trout n
Fish or shellfish organs n Salmon y
Seal meat and/or organs n Shark n
Wild Game Birds Swordfish n
Black Duck (meat/organs) n/n Tuna (other than canned) n
Canada Goose (meat/organs) y/n Canned clams n
Grouse (meat/organs) y/n Canned herring n
Partridge (meat/organs) y/y Canned salmon n
Wild Game Mammals Canned sardines n
Beaver (meat/organs) n/n Canned tuna y
Black Bear (meat/organs) n/n Crab (meat/organs) y/n
Moose (meat/organs) y/n Lobster (meat/organs) y/n
Porcupine (meat/organs) y/n Mussels y
Rabbit (meat/organs) y/y Scallops y

Shrimp y

Wild bird eggs n
Other seafood (canned, frozen or
fresh) n
Seafood organs other than crab or
lobster n

Meats (including eggs)
Beef (meat/organs) y/y
Hamburger (ground beef, pork,
chicken etc.) y
Lamb (meat/organs) n/n
Pork (meat/organs) y/n
Veal (meat/organs) n/n
Turkey (meat/organs) y/n
Chicken (meat/organs) y/y
Eggs (chicken) y
Processed meats (e.g., bacon,
bologna, hot dogs, sausages,
sandwich meats) y
Other n

CIMFP Exhibit P-00271 - Appendix O - 44 Page 230



Happy Valley-Goose Bay
(HVGB) Fish and Shellfish Seafood (fresh, frozen, canned)

Rock Cod/Burbot y Arctic char y
Lake Trout y Capelin y
Rainbow Smelt y Cod y
Atlantic Salmon/Ouananiche y Flounder/Turbot n
Brook Trout y Halibut n
Shellfish (e.g., clams, mussels, scallops, crab,
lobster, shrimp) n Trout n
Fish or shellfish organs n Salmon y
Seal meat and/or organs y Shark n
Wild Game Birds Swordfish n
Black Duck (meat/organs) y/n Tuna (other than canned) n
Canada Goose (meat/organs) y/n Canned clams n
Grouse (meat/organs) y/n Canned herring n
Partridge (meat/organs) y/y Canned salmon n
Wild Game Mammals Canned sardines n
Beaver (meat/organs) n/n Canned tuna y
Black Bear (meat/organs) n/n Crab (meat/organs) y/n
Moose (meat/organs) y/n Lobster (meat/organs) y/n
Porcupine (meat/organs) y/n Mussels y
Rabbit (meat/organs) y/n Scallops y

Shrimp y

Wild bird eggs n
Other seafood (canned, frozen or
fresh) n
Seafood organs other than crab or
lobster n

Meats (including eggs)
Beef (meat/organs) y/y
Hamburger (ground beef, pork,
chicken etc.) y
Lamb (meat/organs) n/n
Pork (meat/organs) y/n
Veal (meat/organs) n/n
Turkey (meat/organs) y/n
Chicken (meat/organs) y/y
Eggs (chicken) y
Processed meats (e.g., bacon,
bologna, hot dogs, sausages,
sandwich meats) y
Other n
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Sheshatshiu (SH) Fish and Shellfish Seafood (fresh, frozen, canned)
Rock Cod/Burbot n Arctic char y
Lake Trout y Capelin y
Rainbow Smelt y Cod y
Atlantic Salmon/Ouananiche y Flounder/Turbot n
Brook Trout y Halibut n
Shellfish (e.g., clams, mussels, scallops, crab,
lobster, shrimp) n Trout n
Fish or shellfish organs n Salmon y
Seal meat and/or organs n Shark n
Wild Game Birds Swordfish n
Black Duck (meat/organs) y/n Tuna (other than canned) n
Canada Goose (meat/organs) y/n Canned clams n
Grouse (meat/organs) y/n Canned herring n
Partridge (meat/organs) y/n Canned salmon n
Wild Game Mammals Canned sardines n
Beaver (meat/organs) n/n Canned tuna y
Black Bear (meat/organs) n/n Crab (meat/organs) y/n
Moose (meat/organs) n/n Lobster (meat/organs) y/n
Porcupine (meat/organs) y/n Mussels y
Rabbit (meat/organs) y/n Scallops y

Shrimp y

Wild bird eggs n
Other seafood (canned, frozen or
fresh) n
Seafood organs other than crab or
lobster n

Meats (including eggs)
Beef (meat/organs) y/y
Hamburger (ground beef, pork,
chicken etc.) y
Lamb (meat/organs) n/n
Pork (meat/organs) y/n
Veal (meat/organs) n/n
Turkey (meat/organs) y/n
Chicken (meat/organs) y/y
Eggs (chicken) y
Processed meats (e.g., bacon,
bologna, hot dogs, sausages,
sandwich meats) y
Other n
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North West River (NWR) Fish and Shellfish Seafood (fresh, frozen, canned)
Rock Cod/Burbot y Arctic char y
Lake Trout y Capelin y
Rainbow Smelt y Cod y
Atlantic Salmon/Ouananiche y Flounder/Turbot n
Brook Trout y Halibut n
Shellfish (e.g., clams, mussels, scallops, crab,
lobster, shrimp) n Trout n
Fish or shellfish organs n Salmon y
Seal meat and/or organs y Shark n
Wild Game Birds Swordfish n
Black Duck (meat/organs) y/y Tuna (other than canned) n
Canada Goose (meat/organs) y/y Canned clams n
Grouse (meat/organs) y/y Canned herring n
Partridge (meat/organs) y/y Canned salmon n
Wild Game Mammals Canned sardines n
Beaver (meat/organs) n/n Canned tuna y
Black Bear (meat/organs) n/n Crab (meat/organs) y/n
Moose (meat/organs) y/n Lobster (meat/organs) y/n
Porcupine (meat/organs) y/n Mussels y
Rabbit (meat/organs) y/y Scallops y

Shrimp y

Wild bird eggs n
Other seafood (canned, frozen or
fresh) n
Seafood organs other than crab or
lobster n

Meats (including eggs)
Beef (meat/organs) y/y
Hamburger (ground beef, pork,
chicken etc.) y
Lamb (meat/organs) n/n
Pork (meat/organs) y/n
Veal (meat/organs) n/n
Turkey (meat/organs) y/n
Chicken (meat/organs) y/y
Eggs (chicken) y
Processed meats (e.g., bacon,
bologna, hot dogs, sausages,
sandwich meats) y
Other n
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Mud Lake (ML) Fish and Shellfish Seafood (fresh, frozen, canned)
Rock Cod/Burbot y Arctic char y
Lake Trout y Capelin y
Rainbow Smelt y Cod y
Atlantic Salmon/Ouananiche y Flounder/Turbot n
Brook Trout y Halibut n
Shellfish (e.g., clams, mussels, scallops, crab,
lobster, shrimp) n Trout n
Fish or shellfish organs n Salmon y
Seal meat and/or organs y Shark n
Wild Game Birds Swordfish n
Black Duck (meat/organs) y/y Tuna (other than canned) n
Canada Goose (meat/organs) y/y Canned clams n
Grouse (meat/organs) y/y Canned herring n
Partridge (meat/organs) y/y Canned salmon n
Wild Game Mammals Canned sardines n
Beaver (meat/organs) n/n Canned tuna y
Black Bear (meat/organs) n/n Crab (meat/organs) y/n
Moose (meat/organs) y/n Lobster (meat/organs) y/n
Porcupine (meat/organs) y/n Mussels y
Rabbit (meat/organs) y/y Scallops y

Shrimp y

Wild bird eggs n
Other seafood (canned, frozen or
fresh) n
Seafood organs other than crab or
lobster n

Meats (including eggs)
Beef (meat/organs) y/y
Hamburger (ground beef, pork,
chicken etc.) y
Lamb (meat/organs) n/n
Pork (meat/organs) y/n
Veal (meat/organs) n/n
Turkey (meat/organs) y/n
Chicken (meat/organs) y/y
Eggs (chicken) y
Processed meats (e.g., bacon,
bologna, hot dogs, sausages,
sandwich meats) y
Other n

NOTES:

a.  ≥10% of DS participants reporting consumption of a given food item was conservatively considered to represent significant consumption such that the given food item was
evaluated in the HHRA.  Food items reported to be consumed by <10% of DS participants were not evaluated in the HHRA unless there were other factors that merited the inclusion
of a certain food item.  Foods consumed by <10% of DS participants are not considered to contribute significantly to THg and MeHg exposure, on either an individual or community
population basis. While foods considered to be of low significance may occasionally be consumed by some study area community residents, the consumption patterns for these
foods (when consumed) would be characterized by a rare or infrequent consumption frequency such that the foods would be consumed at a very low overall rate. Consequently,
ingestion of such food items is unlikely to contribute to THg or MeHg exposure to any significant extent.

It was assumed that most country food items can be preserved/stored and consumed at any time of the year despite the seasonality of the harvesting for many of these food
items, as was reported in the DS responses (Golder, 2015).  For market basket foods, it was also assumed that the food products can be preserved/stored and consumed at any
time of the year. There is less of a seasonal influence on market basket foods, but there are some meat and seafood products that tend to be purchased or available for purchase
on a seasonal basis.
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Country Food THg Exposure Point Concentrations (EPCs; mg/kg ww), and Hg Speciation (% MeHg; % inorganic Hg)

Fish Species EPC Type of EPC Comments/References
MeHg Proportion of THg (expressed as
factor)

Inorganic Hg Proportion of THg (expressed as
factor) Comments/References for Hg Speciation

Brook Trout 0.07
UCLM95; 95% Student's-t / 95% Modified-
t AMEC-FW Aquatic EEMP and Stantec (2010); N=340 1 0

Lake Trout 0.52 UCLM95; 95% Student's-t AMEC-FW Aquatic EEMP and Stantec (2010); N=10 1 0
Rock Cod/Burbot (freshwater cod) 0.18 UCLM95; 95% Adjusted Gamma AMEC-FW Aquatic EEMP and Stantec (2010); N=29 1 0
Salmon (Atlantic + Ouananiche) 0.14 UCLM95; 95% Adjusted Gamma AMEC-FW Aquatic EEMP and Stantec (2010); N=44 1 0

Rainbow Smelt 0.12 UCLM95; 95% Chebyshev (Mean, Sd) AMEC-FW Aquatic EEMP; N=142 1 0
Ringed Seal

Meat 0.34 UCLM95; 95% Chebyshev (Mean, Sd) AMEC-FW Aquatic EEMP; N=159 1 0

Assumed based on study area-specific ringed seal data
(N=20), which shows an average MeHg proportion of THg in
seal meat of 92%; also based on literature (i.e., Wagemann
et al., 1997; 1998; 2000; Dietz et al., 1990; Cappon and
Smith, 1981; Lemire et al., 2015; Eaton et al., 1980; Dehn et
al., 2005; Smith and Armstrong, 1978).

Organs (liver) 9.1 UCLM95; 95% Chebyshev (Mean, Sd) AMEC-FW Aquatic EEMP; N=145 0.4 0.6

Assumed based on study area-specific ringed seal data
(N=30), which shows an average MeHg proportion of THg in
seal liver of 29% (range: 1% to 51%), as well as consideration
of literature data on MeHg proportion of THg in seal liver
(i.e., 9% according to Dietz et al., 1990; 9.1% according to
Cappon and Smith, 1981; 11% reported in Lemire et al.,
2015).

Wild Game Birds

Black Duck (meat) 0.1499 geometric mean (geomean)

geomean of: weighted averages (means) for four St. Lawrence River regions of Quebec
(for black ducks and other similar dabbling ducks including mallards, northern pintail,
wood duck, green winged teal, American widgeon, gadwall) from Duchesne et al., 2004;
geomeans and arithmetic means from Lemire et al., 2015 and Dewailly et al., 1996 for
black duck, northern pintail and green winged teal for the Nunavik region of northern
Quebec; means for black duck from northern Quebec from Champoux et al., 1999 and
Langis et al., 1999. N=241.

1 0

Assumed. It was conservatively assumed that in aquatic-
foraging waterfowl (such as black duck), 100% of the THg in
muscle tissue (meat) would be present as MeHg. While no
data or studies were identified from the scientific literature
to refine this assumption, the same assumption has been
made in various other recent Canadian HHRAs of Hg in
relation to hydroelectric projects (e.g., Wilson, 2013).

Canada Goose (meat) 0.0364 geometric mean (geomean)

geomean of: weighted averages (means) and/or geomeans reported for Nunavik region
of northern Quebec and other areas of nothern Quebec from Lemire et al., 2015 and
Langis et al., 1999. N=112.

1 0

Assumed. While the Canada goose is primarily a terrestrial-
foraging herbivore, it does sometimes forage in aquatic
habitat areas as well (http://explorer.natureserve.org/), such
that most of the THg in goose muscle (meat) could
potentially be present as MeHg. No data or studies were
identified from the scientific literature to refine this
assumption.

Grouse (meat) 0.0022 geometric mean (geomean)

geomean of: means reported in Chan et al., 2016; 2014; 2012; 2011; and in Gamberg et
al., 2000 (various northern regions of Canadian provinces and territories). N=30.

0.35 0.65

Partridge (meat) 0.0120 geometric mean (geomean)

geomean of: means reported in Johansen et al., 2004a,b; Lemire et al., 2015;
Champoux et al., 1999; Langis et al., 1999; Riget, 2002 for various northern Quebec and
arctic and subarctic regions of Canada and Greenland. N=91.

0.35 0.65

Black Duck (organs) 0.6296 geometric mean (geomean)
geomean of: means from Champoux et al., 1999 and Langis et al., 1999 for northern
Quebec. N=80. 0.5 0.5

Canada Goose (organs) 0.0599 geometric mean (geomean)

geomean of: weighted averages (means) and/or geomeans reported for Nunavik region
of northern Quebec and other areas of nothern Quebec from Lemire et al., 2015;
Champoux et al., 1999; Langis et al., 1999. N=102. 0.5 0.5

Grouse (organs) 0.0265 geometric mean (geomean)
geomean of: means reported in Gamberg et al., 2000 for Yukon grouse kidney and liver.
N=86. 0.5 0.5

Partridge (organs) 0.0405 geometric mean (geomean)

geomean of: means reported in Johansen et al., 2004a,b; Pedersen et al., 2006;
Champoux et al., 1999; Langis et al., 1999; Riget, 2002 for various northern Quebec and
arctic and subarctic regions of Canada and Greenland. N=175.

0.5 0.5

Wild Bird Eggs 0.29 UCLM95; 95% Chebyshev(Mean, Sd)

Unpublished Environment Canada data (2013-2015) from Lake Melville area; N=83;
data are available for eggs from ring-billed gull, Great black-backed gull, red-breasted
merganser, herring gull and eider duck.  These species are considered conservative
surrogates for eggs of the reportedly consumed species (in the DS) of herring gull,
Canada goose, merganser, black duck. 1 0

Assumed based on Wiener et al., 2003; Burger and Elbin,
2015; Scheuhammer et al., 2001; Evers et al., 2005; Fimreite
et al., 1974.

Wild Game Mammals

Assumed as per guidance from HC, 2007; EFSA, 2012.
Standard approach in numerous North American and
international HHRA guidance documents and in numerous
HHRAs.

Assumed based on U.S. EPA MRC (1997) measured and
predicted estimates for MeHg% of THg in domestic poultry.
Both partridge and grouse are terrestrialherbivores in the
same taxonomic order as chickens and turkeys (e.g.,
Galliformes). For such birds, no information was identified in
the scientific literature on MeHg proportion of THg.  Wild
Galliformes would be expected to have the same or similar
MeHg proportion in muscle tissue as domestic Galliformes.
Thus, the same assumptions for MeHg% used for chicken
and turkey meat were applied to grouse and partridge meat.

Assumed. For herbivore and waterfowl bird organs, no data
were identified in the scientific literature on MeHg% of THg.
Thus, the same MeHg proportion assumption made for
market basket organ meats (50%) was applied to the game
bird organs. While there is a high degree of uncertainty and
available data are quite limited, this assumption is believed
to be conservative in that all vertebrates appear capable of
demethylating MeHg in their livers such that liver and other
organ THg burdens are comprised of more inorganic Hg than
MeHg.
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Moose (meat) 0.00159 geometric mean (geomean)

geomean of: means reported in Chan et al., 2016; 2014; 2012; 2011; and in Gamberg et
al., 2000;2005; CACAR, 2012 for various northern regions of Canadian provinces and
territories). N=158. 0.9 0.1

Assumed based on data cited in Gamberg et al., (2015; 2010)
and CACAR (2012) for moose and other large herbivores
(caribou).

Porcupine (meat) 0.00779 geometric mean (geomean)

Assumed to be the same as the hare EPC.  Literature and data search efforts only found
two instances (and for only two samples) of porcupine THg muscle analysis, where both
samples were <RDLs.  A dataset of two samples that were non-detectable is a weak
basis for surrogate data in a HHRA. The hare is considered a reasonable surrogate for
porcupine as both are terrestrial foraging small mammalian herbivores.  There is no
reason to expect substantial differences in THg uptake and accumulation between hare
and porcupine.

0.9 0.1

Rabbit (hare) (meat) 0.00779 geometric mean (geomean)

geomean of: means reported in Johansen et al., 2004a,b; Pedersen and Lierhagen,
2006; Lemire et al., 2015; Champoux et al., 1999; Langis et al., 1999; Riget, 2002; and
unpublished data for Long Harbour NL hares from 1992 - where Hg was not associated
with any local or regional industry; most data were collected in  various northern
Quebec and arctic and subarctic regions of Canada and Greenland. N=>83. (N was not
reported in association with some means from the noted data sources).

0.9 0.1

Rabbit (hare) (organs) 0.05729 geometric mean (geomean)

geomean of: means reported in Johansen et al., 2004a,b; Pedersen and Lierhagen,
2006; Champoux et al., 1999; Langis et al., 1999; Riget, 2002; and unpublished data for
Long Harbour NL hares from 1992 - where Hg was not associated with any local or
regional industry; data were collected in  various northern Quebec and arctic and
subarctic regions of Canada and Greenland. N=64.

0.25 0.75

Assumed based on assumptions made in other recent HHRA
studies (e.g., Schuster et al., 2011) and limited data in the
scientific literature on herbivore and other mammal MeHg :
THg ratios in organs (e.g., Laird and Chan, 2013 reported that
MeHg comprised 25%, 19% and 43% of THg in deer liver
(N=3), moose kidney (N=5), and moose liver (N=7) sampled
from British Columbia.

Market Foods THg Exposure Point Concentrations (EPCs; mg/kg ww), and Hg Speciation (%MeHg; % inorganic Hg)
Seafood (fresh, frozen, canned) EPC Type of EPC Comments/References MeHg % of THg (expressed as factor) Inorganic Hg % of THg (expressed as factor) Comments/References for Hg Speciation
Arctic char 0.09000 geometric mean (geomean); N=5 1 0
Capelin 0.02000 geometric mean (geomean); N=4 1 0
Cod 0.08161 geometric mean (geomean); N=149 1 0
Salmon 0.02440 geometric mean (geomean); N=150 1 0
Canned tuna 0.11049 geometric mean (geomean); N=1406 1 0
Crab (meat) 0.07649 geometric mean (geomean); N=112 0.8 0.2
Lobster (meat) 0.09813 geometric mean (geomean); N=68 0.8 0.2
Mussels 0.03000 geometric mean (geomean); N=74 0.8 0.2
Scallops 0.01095 geometric mean (geomean); N=80 0.8 0.2
Shrimp 0.01105 geometric mean (geomean); N=73 0.8 0.2
Meats (including eggs)

Beef (meat) steak or roast 0.00094
geometric mean (geomean); N not
reported by Dabeka et al., 2003 0.395 0.605

Bird eggs (chicken) 0.00107
geometric mean (geomean); N=>18 as N
not reported by Dabeka et al., 2003 0.515 0.485

Chicken 0.00074
geometric mean (geomean); N=>45 as N
not reported by Dabeka et al., 2003 0.35 0.65

Turkey 0.00313
geometric mean (geomean); N=>9 as N
not reported by Dabeka et al., 2003 0.35 0.65

Ground beef 0.00035
geometric mean (geomean); N not
reported by Dabeka et al., 2003 0.395 0.605

Pork (chops, roast etc.) 0.00121
geometric mean (geomean); N not
reported by Dabeka et al., 2003 0.44 0.56

geomean of: arithmetic means reported in U.S. FDA, 2016; 2014; Health Canada, 2007;
Dabeka et al., 2003; 2004; CFIA, 2002-2004.

Conservatively assumed based on available MeHg % data for
moose, deer and caribou reported in Gamberg et al., 2015;
2010; CACAR,2012; Laird and Chan, 2013; Cappon and Smith,
1981. Limited data were identified in the scientific literature
on MeHg : THg ratios in small game mammals (e.g., 11% of
THg was reported to be MeHg in 3 rabbit meat samples
analyzed by Laird and Chan, 2013). Given the limited data, it
was assumed that small herbivore game mammals would
have similar MeHg : THg ratios as large herbivore game
mammals.

Assumed as per guidance from HC, 2007; EFSA, 2012.
Standard approach in numerous North American and
international HHRA guidance documents and in numerous
HHRAs.

Assumed based on EFSA (2012; 2015) assessments.

Assumed based on U.S EPA MRC (1997) measured and
predicted MeHg % of THg in market basket meat products.
The reported measured MeHg % data are limited and of high
uncertainty. Thus, the measured data were combined with
modelled (predicted) MeHg proportons of THg in beef, pork
and poultry (chicken and turkey) meat products. The
modelled values are based on a worst case scenario of
atmospheric depostion from a large hospital waste
incinerator (incinerators are known to be key point sources
of Hg) and conservative assumptions about MeHg formation
rates, partitioning and uptake/accumulation by biota. For all
meat products, the modelled estimates for MeHg % were
lower than the limited measured data. To ensure a
conservative yet reasonable estimate of MeHg % in market
basket meat products, the median (mid-point) value
between the modelled and measured MeHg % estimates
was used. However, for processed meats (which typically
include various types of beef, pork, chicken and turkey
products), the arithmetic mean of the modelled and
measured data for each of these meat types was calculated
to more conservatively account for the variability across the
measured and modelled meat MeHg % values (the
arithmean is higher than the median in this case).  For eggs,
no measured estimates were available from U.S. EPA MRC
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Processed meats (e.g., bacon,
bologna, hot dogs, sausages,
sandwich meats) 0.00061

geometric mean (geomean); N not
reported by Dabeka et al., 2003 0.38375 0.61625

Meat organs (e.g, beef, chicken) 0.00359
geometric mean (geomean); N=>9 as N
not reported by Dabeka et al., 2003 0.5 0.5

Assumed. No measured MeHg % data were available from
U.S. EPA MRC (1997) and none were identifed in the
scientific literature for market basket organ meats.  U.S. EPA
MRC (1997) predicted 19% MeHg in beef organs (liver) but
no organ MeHg % predictions were made for organs of any
other poultry or livestock species. There is some basis for
the general assumption of MeHg % of wild mammal
herbivore organ THg content being <25% (e.g., Schuster et
al., 2011), but available data are extremely limited and
uncertainty is high.  A MeHg % of 50% was therefore
conservatively assumed and was applied to all market basket
organ meats (poultry and livestock).  No data on MeHg % of
THg was identified in the scientific literature for any
domestic poultry product. While there is a high degree of
uncertainty and available data are quite limited, this
assumption is believed to be conservative in that all
vertebrates appear capable of demethylating MeHg in their
livers such that liver and other organ THg burdens are
comprised of more inorganic Hg than MeHg.

NOTES:

b. In calculating UCLM95 and geomean EPCs for THg, <RDL values were conservatively assumed to be present at concentrations equal to the RDL.

a. Geomeans are used for surrogate game meat and organ THg data and market basket seafood and meat/organ THg data. UCLM95s could not be estimated for these food items as the sources of these data did not report the full datasets of THg concentrations. It is well established that geomeans are more robust estimates of "global
averages" than arithmetic means.  A geomean is generally regarded as often being a more true estimate of central tendency than the arithmetic mean, which is more prone to being skewed by extreme values and is more sensitive to the presence of extreme values. In a geomean calculation, there is normalization of the data being averaged
so that no one dataset or data point dominates more than the others.  This is important when combining means from various different studies and locations.  Geomeans have a long history of use in HHRA and ERA programs for determining central tendency uptake factors and concentrations in various media (including foods and biota), and
also in regulatory toxicity based guideline derivation approaches for both environmental media and biota tissues.  Geomeans are also commonly used to provide central tendency measures for a variety of environmental parameters, and have been widely used for decades when estimating central tendency data for numerous toxicological
and ecotoxicological parameters.

c. Some of the data used to develop THg EPCs for game bird or mammal meats or organs was expressed by the study authors as mg/kg dry weight (dw).  To express these data as mg/kg wet weight (ww), published moisture (water) content values were used. For birds, a 67% water content of raw meat was assumed (as per USDA, 2011, and
based on chickens) and a 77% water content was assumed for bird organs (as  per Seong et al., 2015, and also based on chickens).  For mammals (meat), a water content of 71% was assumed (as per USDA, 2011 for beef ).  Mammal organ data did not need to be converted from a dw to a ww basis.  The dw to ww conversion occurred as
follows:  [Concentrationdw=Concentrationww/(1-water content fraction)].

geomean of: arithmetic means reported in U.S. FDA, 2014; Dabeka et al., 2003.

no measured estimates were available from U.S. EPA MRC
(1997) but it is generally assumed that the THg in bird eggs
(at least wild eggs) is mostly MeHg, though a lower
proportion would be expected for typical store-bought eggs
(expected to be primarily chicken eggs). Egg MeHg % was
assumed to be the median of the 100% MeHg assumed for
wild bird eggs and the 3% MeHg predicted in the U.S. EPA
modelling scenario.
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Oral Relative Absorption Factors (RAF)

Food Category Oral RAF Comments/References

Fish and shellfish - Meat (wild and market basket) 1 Assumed.
Seal - Meat 1 Assumed.

Seal - Organs 0.25 Assumed. Rationale provided in Section 2.5.1.2 of main HHRA report.

All other meats and organs including wild game and market
basket birds and mammals, and wild and market basket eggs 1 Assumed.

Raw Food Mass Loss Factor (due to moisture and fat loss
during cooking which increases THg and MeHg Concentrations
in cooked meat and organs relative to raw meat and organs)

1.5

Based on Morgan et al., 1997; Burger et al., 2003; Moses et al., 2009; Torres-Escribano et
al., 2010; and, Costa et al., 2015. Multiplied against raw food item THg EPCs only; not
applied to market basket foods EPCs as the THg concentration data are sourced from TDS in
Canada and the U.S., which analyze cooked foods - thus, any losses of food mass due to
cooking are already accounted for in the reported THg concentrations from TDS data.
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Churchill Falls Exposure/Consumption Scenario

Study Area Community
Study Area Locally Harvested Country
Food Items (From Baseline DS)

Consumed to Significant Extenta (y or
n); as Reported in Baseline DS
Outcomes

Store-bought (Market Basket)
Commercial Meat and Seafood
Products (From Baseline DS)

Consumed to Significant Extenta (y or
n); as Reported in Baseline DS
Outcomes

Churchill Falls (CF) Fish and Shellfish Seafood (fresh, frozen, canned)
Rock Cod/Burbot y Arctic char y
Lake Trout y Capelin y
Rainbow Smelt y Cod y
Atlantic Salmon/Ouananiche y Flounder/Turbot n
Brook Trout y Halibut n

Shellfish (e.g., clams, mussels, scallops,
crab, lobster, shrimp) n Trout n
Fish or shellfish organs n Salmon y
Seal meat and/or organs n Shark n
Wild Game Birds Swordfish n
Black Duck (meat/organs) n/n Tuna (other than canned) n
Canada Goose (meat/organs) y/n Canned clams n
Grouse (meat/organs) y/n Canned herring n
Partridge (meat/organs) y/y Canned salmon n
Wild Game Mammals Canned sardines n
Beaver (meat/organs) n/n Canned tuna y
Black Bear (meat/organs) n/n Crab (meat/organs) y/n
Moose (meat/organs) y/n Lobster (meat/organs) y/n
Porcupine (meat/organs) y/n Mussels y
Rabbit (meat/organs) y/y Scallops y

Shrimp y

Wild bird eggs n
Other seafood (canned, frozen or
fresh) n
Seafood organs other than crab or
lobster n

Meats (including eggs)
Beef (meat/organs) y/y

Hamburger (ground beef, pork,
chicken etc.) y
Lamb (meat/organs) n/n
Pork (meat/organs) y/n
Veal (meat/organs) n/n
Turkey (meat/organs) y/n
Chicken (meat/organs) y/y
Eggs (chicken) y

Processed meats (e.g., bacon,
bologna, hot dogs, sausages,
sandwich meats) y
Other n

Notes:

Female Male Female Male Female Male Female Male

Lifestage duration Richardson and Stantec, 2013; HC, 2010; Richardson, 1997
Body Weight (kg) 14.8 15.8 34.7 35.7 61 69.3 69.8 83.3 Richardson and Stantec, 2013

Brook Trout Golder, 2015 (Appendix C)
Lake Trout Golder, 2015 (Appendix C)
Rock Cod/Burbot (freshwater cod) Golder, 2015 (Appendix C)
Salmon (Atlantic+Ouananiche) Golder, 2015 (Appendix C)
Rainbow Smelt Golder, 2015 (Appendix C)

Meat Golder, 2015 (Appendix C)
Organs (liver) Golder, 2015 (Appendix C)

Black Duck Golder, 2015 (Appendix C)
Canada Goose Golder, 2015 (Appendix C)
Grouse Golder, 2015 (Appendix C)
Partridge Golder, 2015 (Appendix C)

Black Duck Golder, 2015 (Appendix C)
Canada Goose Golder, 2015 (Appendix C)
Grouse Golder, 2015 (Appendix C)
Partridge Golder, 2015 (Appendix C)
Wild Bird Eggs

0

Child Teen Adult

0.152 0.165

Ringed Seal
0

Average Country Food Consumption Rates (serving sizes); kg ww/d); kg ww eaten per serving (per day)
Fish Species

Reference

1 to <4 years 4 to <12 years 12 to <20 years ≥20 years

0

0.106

0.075 0.079 0.139 0.154

Wild Game Bird Species (meat)
0 0 0 0

0.075 0.082 0.152 0.161

0.174

0.075 0.08

0
0 0 0 0

a.  ≥10% of DS participants reporting consumption of a given food item was conservatively considered to represent significant consumption such that the given food item was evaluated in the HHRA.
Food items reported to be consumed by <10% of DS participants were not evaluated in the HHRA unless there were other factors that merited the inclusion of a certain food item.  Foods consumed by
<10% of DS participants are not considered to contribute significantly to THg and MeHg exposure, on either an individual or community population basis. While foods considered to be of low
significance may occasionally be consumed by some study area community residents, the consumption patterns for these foods (when consumed) would be characterized by a rare or infrequent
consumption frequency such that the foods would be consumed at a very low overall rate. Consequently, ingestion of such food items is unlikely to contribute to THg or MeHg exposure to any
significant extent.

It was assumed that most country food items can be preserved/stored and consumed at any time of the year despite the seasonality of the harvesting for many of these food items, as was reported in
the DS responses (Golder, 2015).  For market basket foods, it was also assumed that the food products can be preserved/stored and consumed at any time of the year. There is less of a seasonal
influence on market basket foods, but there are some meat and seafood products that tend to be purchased or available for purchase on a seasonal basis.

0 0 0 0
Wild Game Bird Species (organs)

0.09 0.096 0.176 0.166

0.088
0.075

0.075
0.075

0.106 0.168 0.193

0.085 0.142 0.171
0.11

Receptor Parameters
Toddler

0.075 0.075 0.075 0.092

0 0 0 0
0 0 0 0

NOTE: For country food items not consumed by CF DS participants,or  consumed by <10% of DS participants, the
average country food item serving sizes were zeroed for the purpose of exposure and risk calculations.

0.15 0.18
0.167
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Species harvested include: herring
gull, Canada goose, merganser,
black duck; no detailed breakdown
available for how many eggs
typically eaten for a given species;
DS outcomes suggest harvesting is
somewhat opportunistic and
reflects individual harvester
preferences.

Assumed based on consideration of wild egg serving sizes
typically used in HC FNFNES Program, as well as review of
several culinary and U.S. Dept. of Agriculture websites.  The
latter noted that duck (merganser), goose and gull eggs are
roughly 1.5x, 3x and 2.5x the size and weight of chicken eggs,
respectively. As harvesters are assumed to eat a variety of
wild bird eggs, a mid-range serving size of 2.5x a typical
medium sized chicken egg (50 g) was assumed (i.e., 2.5 x 50 g
= 125 g).  This serving size is multipled by the average # of wild
eggs consumed per serving (as reported in the DS), which was
1 egg for adolescents and 2 eggs for adults.

Wild Game Mammals (meat)
Moose Golder, 2015 (Appendix C)
Porcupine Golder, 2015 (Appendix C)
Rabbit (hare) Golder, 2015 (Appendix C)
Wild Game Mammals (organs)
Rabbit (hare) Golder, 2015 (Appendix C)

Seafood (fresh, frozen, canned)
Arctic char
Capelin
Cod
Salmon
Canned tuna
Crab (meat)
Lobster (meat)
Mussels
Scallops
Shrimp
Meats (including eggs)
Beef (meat) steak or roast
Bird eggs (chicken)
Chicken
Turkey
Ground beef
Pork (chops, roast etc.)
Processed meats (e.g., bacon,
bologna, hot dogs, sausages,
sandwich meats)
Meat organs (e.g, beef, chicken)

Fish Species
Brook Trout Golder, 2015 (Appendix C)
Lake Trout Golder, 2015 (Appendix C)
Rock Cod/Burbot (freshwater cod) Golder, 2015 (Appendix C)
Salmon (Atlantic+Ouananiche) Golder, 2015 (Appendix C)
Rainbow Smelt Golder, 2015 (Appendix C)
Ringed Seal
Meat Golder, 2015 (Appendix C)
Organs (liver) Golder, 2015 (Appendix C)
Wild Game Bird Species (meat)
Black Duck Golder, 2015 (Appendix C)
Canada Goose Golder, 2015 (Appendix C)
Grouse Golder, 2015 (Appendix C)
Partridge Golder, 2015 (Appendix C)
Wild Game Bird Species (organs)
Black Duck Golder, 2015 (Appendix C)
Canada Goose Golder, 2015 (Appendix C)
Grouse Golder, 2015 (Appendix C)
Partridge Golder, 2015 (Appendix C)
Wild Bird Eggs
Gulls, ducks, merganser, Canada
goose Developed from Golder (2015) DS response sheets.
Wild Game Mammals (meat)
Moose Golder, 2015 (Appendix C)
Porcupine Golder, 2015 (Appendix C)
Rabbit (hare) Golder, 2015 (Appendix C)
Wild Game Mammals (organs)
Rabbit (hare) Golder, 2015 (Appendix C)

Methylmercury (MeHg) Exposure and Risk Calculations

Food Item M_Toddler Exposure (mg/kg BW/d) M_Child Exposure (mg/kg BW/d) M_Teen Exposure (mg/kg BW/d) M_Adult Exposure (mg/kg BW/d) F_Toddler Exposure (mg/kg BW/d) F_Child Exposure (mg/kg BW/d) F_Teen Exposure (mg/kg BW/d) F_Adult Exposure (mg/kg BW/d)
Fish Species
Brook Trout 5.04699E-06 1.68638E-06 1.77534E-06 1.91472E-06 5.388E-06 1.73498E-06 2.01691E-06 2.28505E-06
Lake Trout 1.01439E-05 1.01761E-05 9.67719E-06 1.75035E-05 1.08293E-05 1.04694E-05 1.09939E-05 2.08889E-05
Rock Cod/Burbot (freshwater cod) 3.51136E-06 4.55854E-06 3.20228E-06 4.95519E-06 3.74861E-06 4.68991E-06 3.638E-06 5.91357E-06
Salmon (Atlantic+Ouananiche) 1.0799E-05 4.09992E-06 3.52163E-06 4.33848E-06 1.15286E-05 4.21807E-06 4.0008E-06 5.17759E-06
Rainbow Smelt 2.34091E-06 4.14385E-06 1.39875E-06 3.82769E-06 2.49907E-06 4.26327E-06 1.58908E-06 4.568E-06
Ringed Seal
Meat 0 0 0 0 0 0 0 0
Organs (liver) 0 0 0 0 0 0 0 0
Wild Game Bird Species (meat)
Black Duck 0 0 0 0 0 0 0 0
Canada Goose 2.10693E-06 6.86539E-07 7.83426E-07 6.81683E-07 2.24929E-06 7.06324E-07 8.90023E-07 8.13528E-07
Grouse 4.80563E-08 1.91195E-08 1.93424E-08 1.99272E-08 5.13034E-08 1.96705E-08 2.19742E-08 2.37813E-08
Partridge 2.71448E-07 9.94001E-08 1.05344E-07 1.03804E-07 2.89789E-07 1.02265E-07 1.19678E-07 1.23881E-07
Wild Game Bird Species (organs)
Black Duck 0 0 0 0 0 0 0 0
Canada Goose 0 0 0 0 0 0 0 0
Grouse 0 0 0 0 0 0 0 0
Partridge 7.90175E-07 3.49714E-07 3.44998E-07 3.30929E-07 8.43566E-07 3.59792E-07 3.9194E-07 3.94934E-07
Wild Bird Eggs
Gulls, ducks, merganser, Canada
goose 0 0 0 0 0 0 0 0
Wild Game Mammals (meat)
Moose 8.36852E-08 5.75212E-08 3.83461E-08 3.58915E-08 8.93396E-08 5.91788E-08 4.35636E-08 4.28332E-08
Porcupine 0 1.29135E-07 1.0396E-07 1.15474E-07 0 1.32856E-07 1.18106E-07 1.37808E-07
Rabbit (hare) 4.20454E-07 1.88214E-07 1.84604E-07 1.44585E-07 4.48863E-07 1.93638E-07 2.09722E-07 1.72549E-07
Wild Game Mammals (organs)

0 0.08 0.188 0.156

000 0

0.075 0.091

0.088 0.088 0.148 0.152

0 0.075 0.082 0.089
Average Market Basket (Grocery Store or otherwise outside of Study Area) Food Consumption Rates (with consumption frequency accounted for); kg ww/d); annual basis

Average Country Food Consumption Frequency (unitless; # of times (days) reported consumed per each season (in DS) divided by 365 days per year); annual basis

8.4E-03 6.0E-03 6.7E-03 9.2E-03
2.7E-03 5.5E-03 6.1E-03 1.1E-02
2.7E-03 5.5E-03 5.5E-03 8.5E-03
9.2E-03 6.6E-03 7.0E-03 9.9E-03
2.7E-03 7.8E-03 3.2E-03 9.2E-03

9.6E-03 1.4E-03 1.2E-02 9.6E-03
0 1.4E-03 1.4E-03 9.1E-03

7.3E-03 6.2E-035.5E-03 5.5E-03

8.7E-03
9.1E-03 7.1E-03 8.3E-03 8.9E-03

1.1E-02 5.5E-03 6.4E-03 7.2E-03

7.6E-03

0 5.5E-03 9.5E-03 7.9E-03

5.5E-03 5.5E-03 7.3E-03 9.8E-03
5.5E-03 5.5E-03 1.0E-02 9.9E-03

8.2E-03 1.1E-02 9.3E-03 8.8E-03
0 5.5E-03 3.6E-03 5.9E-03

7.2E-03 7.3E-03 8.2E-03 7.5E-03

0.0132
0.0053

0.0053 0.0107

0.0499
0.0427
0.016

0.0107
0.0107

0.0157
0.016

0.0235
0.0093
0.0235
0.0118

2.1E-01

Developed from Golder (2015) DS response sheets based on
DS participant-reported central tendency consumption
frequencies and serving sizes.

Developed from Golder (2015) DS response sheets based on
DS participant-reported central tendency consumption
frequencies and serving sizes.

0 0 7.1E-02

1.3E-02 5.5E-03 7.0E-03 7.5E-03
8.1E-03 5.5E-03 6.5E-03 6.5E-03
8.7E-03 7.3E-03

0.0013
0

0.0214
0.016

0.0329
0.0027

0.0157
0.0013

0.0013

0.0027
0.004
0.004

0.0013
0.0013

0
0
0

0.016
0

0.0139
0.016

0.0053
0.0008
0.0053
0.0046

0.01070.0078
0.0078
0.0093

0.0107
0.0053
0.0053
0.0053

0.0427
0.0321

0.037
0.0214

0.0066
0.0046
0.0053
0.0053
0.0078

0.0427

0.016

0.016
0.0321
0.016

0.133 0.158

0.0278
0

0.0321
0.0267
0.0427
0.0107
0.0427
0.016

0.037
0.0039
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Rabbit (hare) 0 2.473E-07 2.4236E-07 1.81737E-07 0 2.54427E-07 2.75337E-07 2.16887E-07
Seafood (fresh, frozen, canned)
Arctic char 1.53797E-05 4.03361E-05 1.01299E-05 1.15606E-05 1.64189E-05 4.14986E-05 1.15082E-05 1.37966E-05
Capelin 5.06329E-06 0 2.25108E-06 3.84154E-06 5.40541E-06 0 2.55738E-06 4.58453E-06
Cod 2.06605E-05 3.17749E-05 1.09518E-05 3.14483E-05 2.20564E-05 3.26906E-05 1.2442E-05 3.75307E-05
Salmon 2.00728E-06 1.09339E-05 5.6326E-06 4.68594E-06 2.14291E-06 1.1249E-05 6.399E-06 5.59225E-06
Canned tuna 9.09065E-06 1.64027E-05 1.05225E-05 1.41921E-05 9.70488E-06 1.68754E-05 1.19543E-05 1.6937E-05
Crab (meat) 0 1.37116E-06 4.06156E-06 3.89313E-06 0 1.41068E-06 4.61419E-06 4.6461E-06
Lobster (meat) 0 1.1655E-05 6.00407E-06 4.99498E-06 0 1.19908E-05 6.82102E-06 5.96106E-06
Mussels 0 3.09244E-06 1.8355E-06 1.52701E-06 0 3.18156E-06 2.08525E-06 1.82235E-06
Scallops 7.21052E-07 3.19121E-07 9.86375E-07 1.12569E-06 7.69772E-07 3.28318E-07 1.12059E-06 1.34341E-06
Shrimp 0 1.31263E-06 1.36516E-06 1.13573E-06 0 1.35046E-06 1.55092E-06 1.35539E-06
Meats (including eggs)
Beef (meat) steak or roast 5.02078E-07 1.63022E-07 1.71706E-07 1.90019E-07 5.36002E-07 1.6772E-07 1.9507E-07 2.26771E-07
Bird eggs (chicken) 5.55475E-07 2.45841E-07 2.11339E-07 3.28592E-07 5.93007E-07 2.52925E-07 2.40095E-07 3.92145E-07
Chicken 5.38753E-07 1.70314E-07 1.59421E-07 1.32628E-07 5.75156E-07 1.75222E-07 1.81113E-07 1.58279E-07
Turkey 1.87075E-07 2.85183E-07 1.69028E-07 2.10273E-07 1.99715E-07 2.93401E-07 1.92027E-07 2.50942E-07
Ground beef 1.16356E-07 9.16792E-08 8.58156E-08 7.13928E-08 1.24218E-07 9.43213E-08 9.74921E-08 8.52008E-08
Pork (chops, roast etc.) 1.78344E-07 1.75733E-07 1.22751E-07 2.0488E-07 1.90394E-07 1.80797E-07 1.39454E-07 2.44506E-07
Processed meats (e.g., bacon,
bologna, hot dogs, sausages,
sandwich meats) 2.32703E-07 1.82363E-07 1.25034E-07 1.0402E-07 2.48427E-07 1.87618E-07 1.42047E-07 1.24139E-07
Meat organs (e.g, beef, chicken) 1.47617E-07 0 1.00968E-07 4.60914E-07 1.57591E-07 0 1.14706E-07 5.50059E-07

TOTAL MeHg Exposure 9.09438E-05 1.45E-04 7.63E-05 1.14E-04 9.71E-05 1.49E-04 8.67E-05 1.36E-04
MeHg TRV1 (U.S. EPA, 2001); mg/kg
BW/d 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
MeHg TRV2 (HC, 2010 - adult);
mg/kg BW/d NA NA 0.00047 0.00047 NA NA 0.00047 0.00047
MeHg TRV3 (HC, 2010 - female of
child bearing age/children <12 yrs);
mg/kg BW/d 0.0002 0.0002 NA NA 0.0002 0.0002 0.0002 0.0002
MeHg Risk1 (Hazard
Quotient) 0.909437732 1.449538072 0.762841942 1.142614365 0.970886228 1.491311503 0.866638468 1.36E+00
MeHg Risk2 (Hazard
Quotient) NA NA 0.162306796 0.243109439 NA NA 0.184391163 0.290129173
MeHg Risk3 (Hazard
Quotient) 0.454718866 0.724769036 NA NA 0.485443114 0.745655752 0.433319234 0.681803557

MeHg Relative Exposure Contributions - Highest Exposure and Risk Receptor for the Community (F Child for CF)

Food Item Calculated Exposure Rate (mg/kg BW/d)

Relative % Contribution to Total
MeHg Exposure (Individual Food
Item Exposure Rate / Total MeHg

Exposure Rate x 100)
Brook Trout 1.73498E-06 1.2
Lake Trout 1.04694E-05 7.0
Rock Cod/Burbot 4.68991E-06 3.1
Salmon (Atlantic+Ouananiche) 4.21807E-06 2.8
Rainbow Smelt 4.26327E-06 2.9
Ringed Seal Meat 0 0.0
Ringed Seal Liver 0 0.0
Black Duck Meat 0 0.0
Canada Goose Meat 7.06324E-07 0.5
Grouse Meat 1.96705E-08 0.0
Partridge Meat 1.02265E-07 0.1
Black Duck Organs 0 0.0
Canada Goose Organs 0 0.0
Grouse Organs 0 0.0
Partridge Organs 3.59792E-07 0.2
Wild Bird Eggs 0 0.0
Moose Meat 5.91788E-08 0.0
Porcupine Meat 1.32856E-07 0.1
Rabbit (hare) Meat 1.93638E-07 0.1
Rabbit (hare)  Organs 2.54427E-07 0.2
Arctic char 4.14986E-05 27.8
Capelin 0 0.0
Cod 3.26906E-05 21.9
Salmon 1.1249E-05 7.5
Canned tuna 1.68754E-05 11.3
Crab (meat) 1.41068E-06 0.9
Lobster (meat) 1.19908E-05 8.0
Mussels 3.18156E-06 2.1
Scallops 3.28318E-07 0.2
Shrimp 1.35046E-06 0.9
Beef (meat) steak or roast 1.6772E-07 0.1
Bird eggs (chicken) 2.52925E-07 0.2
Chicken 1.75222E-07 0.1
Turkey 2.93401E-07 0.2
Ground beef 9.43213E-08 0.1
Pork (chops, roast etc.) 1.80797E-07 0.1
Processed meats 1.87618E-07 0.1
Meat organs (e.g, beef, chicken) 0 0.0
Total MeHg Exposure from all
Assessed Food Items 1.49E-04
Total MeHg Exposure from all
Assessed Country Food Items 2.72038E-05 18.2

Total MeHg Exposure from all
Assessed Market Basket Food Items 1.22E-04 81.8

0 5 10 15 20 25 30

Brook Trout
Lake Trout

Rock Cod/Burbot
Salmon (Atlantic+Ouananiche)

Rainbow Smelt
Ringed Seal Meat
Ringed Seal Liver
Black Duck Meat

Canada Goose Meat
Grouse Meat

Partridge Meat
Black Duck Organs

Canada Goose Organs
Grouse Organs

Partridge Organs
Wild Bird Eggs

Moose Meat
Porcupine Meat

Rabbit (hare) Meat
Rabbit (hare)  Organs

Arctic char
Capelin

Cod
Salmon

Canned tuna
Crab (meat)

Lobster (meat)
Mussels
Scallops
Shrimp

Beef (meat) steak or roast
Bird eggs (chicken)

Chicken
Turkey

Ground beef
Pork (chops, roast etc.)

Processed meats
Meat organs (e.g, beef, chicken)

Relative Percent (%) Contribution to Total MeHg Exposure
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Relative MeHg Exposure Contributions for the Female Child Receptor; Churchill Falls
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Happy Valley-Goose Bay Exposure/Consumption Scenario

Study Area Community
Study Area Locally Harvested Country Food
Items (From Baseline DS)

Consumed to Significant Extenta (y or
n); as Reported in Baseline DS
Outcomes

Store-bought (Market Basket)
Commercial Meat and Seafood
Products (From Baseline DS)

Consumed to Significant Extenta (y or n);
as Reported in Baseline DS Outcomes

Happy Valley-Goose Bay (HVGB) Fish and Shellfish Seafood (fresh, frozen, canned)
Rock Cod/Burbot y Arctic char y
Lake Trout y Capelin y
Rainbow Smelt y Cod y
Atlantic Salmon/Ouananiche y Flounder/Turbot n
Brook Trout y Halibut n

Shellfish (e.g., clams, mussels, scallops,
crab, lobster, shrimp) n Trout n
Fish or shellfish organs n Salmon y
Seal meat and/or organs y Shark n
Wild Game Birds Swordfish n
Black Duck (meat/organs) y/n Tuna (other than canned) n
Canada Goose (meat/organs) y/n Canned clams n
Grouse (meat/organs) y/n Canned herring n
Partridge (meat/organs) y/y Canned salmon n
Wild Game Mammals Canned sardines n
Beaver (meat/organs) n/n Canned tuna y
Black Bear (meat/organs) n/n Crab (meat/organs) y/n
Moose (meat/organs) y/n Lobster (meat/organs) y/n
Porcupine (meat/organs) y/n Mussels y
Rabbit (meat/organs) y/n Scallops y

Shrimp y

Wild bird eggs n Other seafood (canned, frozen or fresh) n
Seafood organs other than crab or
lobster n

Meats (including eggs)
Beef (meat/organs) y/y
Hamburger (ground beef, pork, chicken
etc.) y
Lamb (meat/organs) n/n
Pork (meat/organs) y/n
Veal (meat/organs) n/n
Turkey (meat/organs) y/n
Chicken (meat/organs) y/y
Eggs (chicken) y

Processed meats (e.g., bacon, bologna,
hot dogs, sausages, sandwich meats) y
Other n

Notes:

Female Male Female Male Female Male Female Male

Lifestage duration Richardson and Stantec, 2013; HC, 2010; Richardson, 1997
Body Weight (kg) 14.8 15.8 34.7 35.7 61 69.3 69.8 83.3 Richardson and Stantec, 2013

Brook Trout Golder, 2015 (Appendix C)
Lake Trout Golder, 2015 (Appendix C)
Rock Cod/Burbot (freshwater cod) Golder, 2015 (Appendix C)
Salmon (Atlantic+Ouananiche) Golder, 2015 (Appendix C)
Rainbow Smelt Golder, 2015 (Appendix C)

Meat Golder, 2015 (Appendix C)
Organs (liver) Golder, 2015 (Appendix C)

Black Duck Golder, 2015 (Appendix C)
Canada Goose Golder, 2015 (Appendix C)
Grouse Golder, 2015 (Appendix C)
Partridge Golder, 2015 (Appendix C)

Black Duck Golder, 2015 (Appendix C)
Canada Goose Golder, 2015 (Appendix C)
Grouse Golder, 2015 (Appendix C)
Partridge Golder, 2015 (Appendix C)
Wild Bird Eggs

Species harvested include: herring
gull, Canada goose, merganser, black
duck; no detailed breakdown
available for how many eggs typically
eaten for a given species; DS
outcomes suggest harvesting is
somewhat opportunistic and reflects
individual harvester preferences.

Assumed based on consideration of wild egg serving sizes
typically used in HC FNFNES Program, as well as review of
several culinary and U.S. Dept. of Agriculture websites.  The
latter noted that duck (merganser), goose and gull eggs are
roughly 1.5x, 3x and 2.5x the size and weight of chicken eggs,
respectively. As harvesters are assumed to eat a variety of wild
bird eggs, a mid-range serving size of 2.5x a typical medium
sized chicken egg (50 g) was assumed (i.e., 2.5 x 50 g = 125 g).
This serving size is multipled by the average # of wild eggs
consumed per serving (as reported in the DS), which was 1 egg
for adolescents and 2 eggs for adults.

Wild Game Mammals (meat)

a.  ≥10% of DS participants reporting consumption of a given food item was conservatively considered to represent significant consumption such that the given food item was evaluated in the HHRA.  Food
items reported to be consumed by <10% of DS participants were not evaluated in the HHRA unless there were other factors that merited the inclusion of a certain food item.  Foods consumed by <10% of DS
participants are not considered to contribute significantly to THg and MeHg exposure, on either an individual or community population basis. While foods considered to be of low significance may
occasionally be consumed by some study area community residents, the consumption patterns for these foods (when consumed) would be characterized by a rare or infrequent consumption frequency such
that the foods would be consumed at a very low overall rate. Consequently, ingestion of such food items is unlikely to contribute to THg or MeHg exposure to any significant extent.

It was assumed that most country food items can be preserved/stored and consumed at any time of the year despite the seasonality of the harvesting for many of these food items, as was reported in the DS
responses (Golder, 2015).  For market basket foods, it was also assumed that the food products can be preserved/stored and consumed at any time of the year. There is less of a seasonal influence on market
basket foods, but there are some meat and seafood products that tend to be purchased or available for purchase on a seasonal basis.

Receptor Parameters
Toddler Child Teen

Average Country Food Consumption Rates (serving sizes); kg ww/d); kg ww eaten per serving (per day)
Fish Species

0.09 0.096 0.176 0.166

Adult
Reference

1 to <4 years 4 to <12 years 12 to <20 years ≥20 years

0.088 0.106 0.167 0.174
0.075 0.106 0.168 0.193

0.075 0.085 0.142 0.171
0.075 0.11 0.15 0.18

Ringed Seal
0.075 0.15 0.149 0.188

0 0.075 0.125 0.157

0.075 0.08 0.152 0.165
0.075 0.079 0.139 0.154

Wild Game Bird Species (meat)
0.075 0.083 0.128 0.169
0.075 0.082 0.152 0.161

0 0 0 0
0.075 0.075 0.075 0.092

Wild Game Bird Species (organs)
0 0 0 0
0 0 0 0

0 0 0.125 0.25

NOTE: For country food items not consumed by HVGB DS participants,or  consumed by <10% of DS participants, the
average country food item serving sizes were zeroed for the purpose of exposure and risk calculations.

While wild bird eggs were reported to be consumed by <10% of DS participants
(including those in HVGB), wild bird egg consumption was assessed in the HHRA for
this community as it has a significant Inuit and Innu population (wild bird egg
consumption is more prominent among Inuit and Innu than it is among non-
Aboriginals). Furthermore, wild bird egg consumption has been raised as a health
concern in the study area by members of Inuit organizations, and wild bird eggs
are known to have a tendency to accumulate elevated levels of MeHg.
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Moose Golder, 2015 (Appendix C)
Porcupine Golder, 2015 (Appendix C)
Rabbit (hare) Golder, 2015 (Appendix C)
Wild Game Mammals (organs)
Rabbit (hare) Golder, 2015 (Appendix C)

Seafood (fresh, frozen, canned)
Arctic char
Capelin
Cod
Salmon
Canned tuna
Crab (meat)
Lobster (meat)
Mussels
Scallops
Shrimp
Meats (including eggs)
Beef (meat) steak or roast
Bird eggs (chicken)
Chicken
Turkey
Ground beef
Pork (chops, roast etc.)
Processed meats (e.g., bacon,
bologna, hot dogs, sausages,
sandwich meats)
Meat organs (e.g, beef, chicken)

Fish Species
Brook Trout Golder, 2015 (Appendix C)
Lake Trout Golder, 2015 (Appendix C)
Rock Cod/Burbot (freshwater cod) Golder, 2015 (Appendix C)
Salmon (Atlantic+Ouananiche) Golder, 2015 (Appendix C)
Rainbow Smelt Golder, 2015 (Appendix C)
Ringed Seal
Meat Golder, 2015 (Appendix C)
Organs (liver) Golder, 2015 (Appendix C)
Wild Game Bird Species (meat)
Black Duck Golder, 2015 (Appendix C)
Canada Goose Golder, 2015 (Appendix C)
Grouse Golder, 2015 (Appendix C)
Partridge Golder, 2015 (Appendix C)
Wild Game Bird Species (organs)
Black Duck Golder, 2015 (Appendix C)
Canada Goose Golder, 2015 (Appendix C)
Grouse Golder, 2015 (Appendix C)
Partridge Golder, 2015 (Appendix C)
Wild Bird Eggs
Gulls, ducks, merganser, Canada
goose Developed from Golder (2015) DS response sheets.
Wild Game Mammals (meat)
Moose Golder, 2015 (Appendix C)
Porcupine Golder, 2015 (Appendix C)
Rabbit (hare) Golder, 2015 (Appendix C)
Wild Game Mammals (organs)
Rabbit (hare) Golder, 2015 (Appendix C)

Methylmercury (MeHg) Exposure and Risk Calculations

Food Item M_Toddler Exposure (mg/kg BW/d) M_Child Exposure (mg/kg BW/d) M_Teen Exposure (mg/kg BW/d) M_Adult Exposure (mg/kg BW/d) F_Toddler Exposure (mg/kg BW/d) F_Child Exposure (mg/kg BW/d) F_Teen Exposure (mg/kg BW/d) F_Adult Exposure (mg/kg BW/d)
Fish Species
Brook Trout 5.04699E-06 1.68638E-06 1.77534E-06 1.91472E-06 5.388E-06 1.73498E-06 2.01691E-06 2.28505E-06
Lake Trout 1.01439E-05 1.01761E-05 9.67719E-06 1.75035E-05 1.08293E-05 1.04694E-05 1.09939E-05 2.08889E-05
Rock Cod/Burbot (freshwater cod) 3.51136E-06 4.55854E-06 3.20228E-06 4.95519E-06 3.74861E-06 4.68991E-06 3.638E-06 5.91357E-06
Salmon (Atlantic+Ouananiche) 1.0799E-05 4.09992E-06 3.52163E-06 4.33848E-06 1.15286E-05 4.21807E-06 4.0008E-06 5.17759E-06
Rainbow Smelt 2.34091E-06 4.14385E-06 1.39875E-06 3.82769E-06 2.49907E-06 4.26327E-06 1.58908E-06 4.568E-06
Ringed Seal
Meat 2.3214E-05 2.93542E-06 1.35189E-05 1.10372E-05 2.47825E-05 3.02002E-06 1.53584E-05 1.31719E-05
Organs (liver) 0 3.94123E-06 3.38389E-06 2.3478E-05 0 4.05481E-06 3.84432E-06 2.80189E-05
Wild Game Bird Species (meat)
Black Duck 1.40356E-05 2.86434E-06 2.90136E-06 3.41184E-06 1.49839E-05 2.94688E-06 3.29613E-06 4.07172E-06
Canada Goose 2.10693E-06 6.86539E-07 7.83426E-07 6.81683E-07 2.24929E-06 7.06324E-07 8.90023E-07 8.13528E-07
Grouse 4.80563E-08 1.91195E-08 1.93424E-08 1.99272E-08 5.13034E-08 1.96705E-08 2.19742E-08 2.37813E-08
Partridge 2.71448E-07 9.94001E-08 1.05344E-07 1.03804E-07 2.89789E-07 1.02265E-07 1.19678E-07 1.23881E-07
Wild Game Bird Species (organs)
Black Duck 0 0 0 0 0 0 0 0
Canada Goose 0 0 0 0 0 0 0 0
Grouse 0 0 0 0 0 0 0 0
Partridge 7.90175E-07 3.49714E-07 3.44998E-07 3.30929E-07 8.43566E-07 3.59792E-07 3.9194E-07 3.94934E-07
Wild Bird Eggs
Gulls, ducks, merganser, Canada
goose 0 0 1.93471E-05 9.65729E-05 0 0 2.19796E-05 1.15251E-04
Wild Game Mammals (meat)
Moose 8.36852E-08 5.75212E-08 3.83461E-08 3.58915E-08 8.93396E-08 5.91788E-08 4.35636E-08 4.28332E-08
Porcupine 0 1.29135E-07 1.0396E-07 1.15474E-07 0 1.32856E-07 1.18106E-07 1.37808E-07
Rabbit (hare) 4.20454E-07 1.88214E-07 1.84604E-07 1.44585E-07 4.48863E-07 1.93638E-07 2.09722E-07 1.72549E-07
Wild Game Mammals (organs)
Rabbit (hare) 0 0 0 0 0 0 0 0
Seafood (fresh, frozen, canned)
Arctic char 1.53797E-05 4.03361E-05 1.01299E-05 1.15606E-05 1.64189E-05 4.14986E-05 1.15082E-05 1.37966E-05
Capelin 5.06329E-06 0 2.25108E-06 3.84154E-06 5.40541E-06 0 2.55738E-06 4.58453E-06
Cod 2.06605E-05 3.17749E-05 1.09518E-05 3.14483E-05 2.20564E-05 3.26906E-05 1.2442E-05 3.75307E-05
Salmon 2.00728E-06 1.09339E-05 5.6326E-06 4.68594E-06 2.14291E-06 1.1249E-05 6.399E-06 5.59225E-06
Canned tuna 9.09065E-06 1.64027E-05 1.05225E-05 1.41921E-05 9.70488E-06 1.68754E-05 1.19543E-05 1.6937E-05
Crab (meat) 0 1.37116E-06 4.06156E-06 3.89313E-06 0 1.41068E-06 4.61419E-06 4.6461E-06
Lobster (meat) 0 1.1655E-05 6.00407E-06 4.99498E-06 0 1.19908E-05 6.82102E-06 5.96106E-06
Mussels 0 3.09244E-06 1.8355E-06 1.52701E-06 0 3.18156E-06 2.08525E-06 1.82235E-06
Scallops 7.21052E-07 3.19121E-07 9.86375E-07 1.12569E-06 7.69772E-07 3.28318E-07 1.12059E-06 1.34341E-06
Shrimp 0 1.31263E-06 1.36516E-06 1.13573E-06 0 1.35046E-06 1.55092E-06 1.35539E-06
Meats (including eggs)

0.075 0.091 0.133 0.158

0 0 0 0
Average Market Basket (Grocery Store or otherwise outside of Study Area) Food Consumption Rates (with consumption frequency accounted for); kg ww/d); annual basis

0 0.08 0.188 0.156
0.088 0.088 0.148 0.152

0.0027 0.016 0.0078 0.0107

Developed from Golder (2015) DS response sheets based on DS
participant-reported central tendency consumption frequencies
and serving sizes.

0.004 0 0.0078 0.016
0.004

0.0013 0.0053 0.0066 0.0107
0 0.0008 0.0046 0.0053

0.0139 0.0093 0.0321
0.0013 0.016 0.016 0.016

0.0013 0.0013 0.0078 0.0107
0 0.0053 0.0107 0.0107

0 0.0053 0.0053 0.0053
0 0.0046 0.0053 0.0053

0.0214 0.0157 0.0321 0.0427

Developed from Golder (2015) DS response sheets based on DS
participant-reported central tendency consumption frequencies
and serving sizes.

0.016 0.016 0.0267 0.0499

0.0132 0.0235 0.0427 0.0427
0.0053 0.0118 0.016 0.0321

0.0329 0.0235 0.0427 0.0427
0.0027 0.0093 0.0107 0.016

Average Country Food Consumption Frequency (unitless; # of times (days) reported consumed per each season (in DS) divided by 365 days per year); annual basis

8.4E-03 6.0E-03 6.7E-03 9.2E-03

0.0157 0.0278 0.037 0.037
0.0013 0 0.0039 0.0214

9.2E-03 6.6E-03 7.0E-03 9.9E-03
2.7E-03 7.8E-03 3.2E-03 9.2E-03

2.7E-03 5.5E-03 6.1E-03 1.1E-02
2.7E-03 5.5E-03 5.5E-03 8.5E-03

9.6E-03 1.4E-03 1.2E-02 9.6E-03
0 1.4E-03 1.4E-03 9.1E-03

8.7E-03 7.3E-03 7.6E-03 8.7E-03
9.1E-03 7.1E-03 8.3E-03 8.9E-03

1.3E-02 5.5E-03 7.0E-03 7.5E-03
8.1E-03 5.5E-03 6.5E-03 6.5E-03

5.5E-03 7.3E-03 9.8E-03
5.5E-03 5.5E-03 1.0E-02 9.9E-03

1.1E-02 5.5E-03 6.4E-03 7.2E-03
5.5E-03 5.5E-03 7.3E-03 6.2E-03

0 5.5E-03 9.5E-03 7.9E-03

0 5.5E-03 3.6E-03 5.9E-03
7.2E-03 7.3E-03 8.2E-03 7.5E-03

0 0 2.5E-02 7.4E-02

8.2E-03 1.1E-02 9.3E-03 8.8E-03

5.5E-03
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Beef (meat) steak or roast 5.02078E-07 1.63022E-07 1.71706E-07 1.90019E-07 5.36002E-07 1.6772E-07 1.9507E-07 2.26771E-07
Bird eggs (chicken) 5.55475E-07 2.45841E-07 2.11339E-07 3.28592E-07 5.93007E-07 2.52925E-07 2.40095E-07 3.92145E-07
Chicken 5.38753E-07 1.70314E-07 1.59421E-07 1.32628E-07 5.75156E-07 1.75222E-07 1.81113E-07 1.58279E-07
Turkey 1.87075E-07 2.85183E-07 1.69028E-07 2.10273E-07 1.99715E-07 2.93401E-07 1.92027E-07 2.50942E-07
Ground beef 1.16356E-07 9.16792E-08 8.58156E-08 7.13928E-08 1.24218E-07 9.43213E-08 9.74921E-08 8.52008E-08
Pork (chops, roast etc.) 1.78344E-07 1.75733E-07 1.22751E-07 2.0488E-07 1.90394E-07 1.80797E-07 1.39454E-07 2.44506E-07
Processed meats (e.g., bacon,
bologna, hot dogs, sausages,
sandwich meats) 2.32703E-07 1.82363E-07 1.25034E-07 1.0402E-07 2.48427E-07 1.87618E-07 1.42047E-07 1.24139E-07
Meat organs (e.g, beef, chicken) 1.47617E-07 0 1.00968E-07 4.60914E-07 1.57591E-07 0 1.14706E-07 5.50059E-07

TOTAL MeHg Exposure 0.000128193 0.000154447 0.000115193 0.00024858 0.000136855 0.000158898 0.000130867 2.96657E-04
MeHg TRV1 (U.S. EPA, 2001); mg/kg
BW/d 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
MeHg TRV2 (HC, 2010 - adult); mg/kg
BW/d NA NA 0.00047 0.00047 NA NA 0.00047 0.00047
MeHg TRV3 (HC, 2010 - female of
child bearing age/children <12 yrs);
mg/kg BW/d 0.0002 0.0002 NA NA 0.0002 0.0002 0.0002 0.0002

MeHg Risk1 (Hazard Quotient) 1.281933046 1.544474986 1.151931166 2.485796398 1.368550144 1.588984352 1.308669341 2.966573638

MeHg Risk2 (Hazard Quotient) NA NA 0.245091737 0.528892851 NA NA 0.278440285 0.63118588

MeHg Risk3 (Hazard Quotient) 0.640966523 0.772237493 NA NA 0.684275072 0.794492176 0.65433467 1.483286819

MeHg Relative Exposure Contributions - Highest Exposure and Risk Receptor for the Community (F Adult for HVGB)

Food Item Calculated Exposure Rate
(mg/kg BW/d)

Relative % Contribution to Total MeHg
Exposure (Individual Food Item

Exposure Rate / Total MeHg Exposure
Rate x 100)

Brook Trout 2.2850E-06 0.8
Lake Trout 2.0889E-05 7.0
Rock Cod/Burbot 5.9136E-06 2.0
Salmon (Atlantic+Ouananiche) 5.1776E-06 1.7
Rainbow Smelt 4.5680E-06 1.5
Ringed Seal Meat 1.3172E-05 4.4
Ringed Seal Liver 2.8019E-05 9.4
Black Duck Meat 4.0717E-06 1.4
Canada Goose Meat 8.1353E-07 0.3
Grouse Meat 2.3781E-08 0.0
Partridge Meat 1.2388E-07 0.0
Black Duck Organs 0.0000E+00 0.0
Canada Goose Organs 0.0000E+00 0.0
Grouse Organs 0.0000E+00 0.0
Partridge Organs 3.9493E-07 0.1
Wild Bird Eggs 1.1525E-04 38.8
Moose Meat 4.2833E-08 0.0
Porcupine Meat 1.3781E-07 0.0
Rabbit (hare) Meat 1.7255E-07 0.1
Rabbit (hare)  Organs 0.0000E+00 0.0
Arctic char 1.3797E-05 4.7
Capelin 4.5845E-06 1.5
Cod 3.7531E-05 12.7
Salmon 5.5923E-06 1.9
Canned tuna 1.6937E-05 5.7
Crab (meat) 4.6461E-06 1.6
Lobster (meat) 5.9611E-06 2.0
Mussels 1.8223E-06 0.6
Scallops 1.3434E-06 0.5
Shrimp 1.3554E-06 0.5
Beef (meat) steak or roast 2.2677E-07 0.1
Bird eggs (chicken) 3.9215E-07 0.1
Chicken 1.5828E-07 0.1
Turkey 2.5094E-07 0.1
Ground beef 8.5201E-08 0.0
Pork (chops, roast etc.) 2.4451E-07 0.1
Processed meats 1.2414E-07 0.0
Meat organs (e.g, beef, chicken) 5.5006E-07 0.2
Total MeHg Exposure from all
Assessed Food Items 2.97E-04
Total MeHg Exposure from all
Assessed Country Food Items 2.01E-04 67.8

Total MeHg Exposure from all
Assessed Market Basket Food Items 9.56E-05 32.2
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Relative MeHg Exposure Contributions for the Female Adult Receptor; Happy Valley-Goose Bay

CIMFP Exhibit P-00271 - Appendix O - 44 Page 244



Sheshatshiu Exposure/Consumption Scenario

Study Area Community
Study Area Locally Harvested Country
Food Items (From Baseline DS)

Consumed to Significant Extenta (y or
n); as Reported in Baseline DS
Outcomes

Store-bought (Market Basket)
Commercial Meat and Seafood
Products (From Baseline DS)

Consumed to Significant Extenta (y or
n); as Reported in Baseline DS
Outcomes

Sheshatshiu (SH) Fish and Shellfish Seafood (fresh, frozen, canned)
Rock Cod/Burbot n Arctic char y
Lake Trout y Capelin y
Rainbow Smelt y Cod y
Atlantic Salmon/Ouananiche y Flounder/Turbot n
Brook Trout y Halibut n

Shellfish (e.g., clams, mussels, scallops,
crab, lobster, shrimp) n Trout n
Fish or shellfish organs n Salmon y
Seal meat and/or organs n Shark n
Wild Game Birds Swordfish n
Black Duck (meat/organs) y/n Tuna (other than canned) n
Canada Goose (meat/organs) y/n Canned clams n
Grouse (meat/organs) y/n Canned herring n
Partridge (meat/organs) y/n Canned salmon n
Wild Game Mammals Canned sardines n
Beaver (meat/organs) n/n Canned tuna y
Black Bear (meat/organs) n/n Crab (meat/organs) y/n
Moose (meat/organs) n/n Lobster (meat/organs) y/n
Porcupine (meat/organs) y/n Mussels y
Rabbit (meat/organs) y/n Scallops y

Shrimp y

Wild bird eggs n
Other seafood (canned, frozen or
fresh) n
Seafood organs other than crab or
lobster n

Meats (including eggs)
Beef (meat/organs) y/y
Hamburger (ground beef, pork,
chicken etc.) y
Lamb (meat/organs) n/n
Pork (meat/organs) y/n
Veal (meat/organs) n/n
Turkey (meat/organs) y/n
Chicken (meat/organs) y/y
Eggs (chicken) y
Processed meats (e.g., bacon,
bologna, hot dogs, sausages,
sandwich meats) y
Other n

Notes:

Female Male Female Male Female Male Female Male

Lifestage duration Richardson and Stantec, 2013; HC, 2010; Richardson, 1997
Body Weight (kg) 14.8 15.8 34.7 35.7 61 69.3 69.8 83.3 Richardson and Stantec, 2013

Brook Trout Golder, 2015 (Appendix C)
Lake Trout Golder, 2015 (Appendix C)
Rock Cod/Burbot (freshwater cod) Golder, 2015 (Appendix C)
Salmon (Atlantic+Ouananiche) Golder, 2015 (Appendix C)
Rainbow Smelt Golder, 2015 (Appendix C)

Meat Golder, 2015 (Appendix C)
Organs (liver) Golder, 2015 (Appendix C)

Black Duck Golder, 2015 (Appendix C)
Canada Goose Golder, 2015 (Appendix C)
Grouse Golder, 2015 (Appendix C)
Partridge Golder, 2015 (Appendix C)

Black Duck Golder, 2015 (Appendix C)
Canada Goose Golder, 2015 (Appendix C)
Grouse Golder, 2015 (Appendix C)
Partridge Golder, 2015 (Appendix C)
Wild Bird Eggs

Species harvested include: herring
gull, Canada goose, merganser, black
duck; no detailed breakdown
available for how many eggs typically
eaten for a given species; DS
outcomes suggest harvesting is
somewhat opportunistic and reflects
individual harvester preferences.

Assumed based on consideration of wild egg serving sizes
typically used in HC FNFNES Program, as well as review of
several culinary and U.S. Dept. of Agriculture websites.  The
latter noted that duck (merganser), goose and gull eggs are
roughly 1.5x, 3x and 2.5x the size and weight of chicken eggs,
respectively. As harvesters are assumed to eat a variety of
wild bird eggs, a mid-range serving size of 2.5x a typical
medium sized chicken egg (50 g) was assumed (i.e., 2.5 x 50 g
= 125 g).  This serving size is multipled by the average # of wild
eggs consumed per serving (as reported in the DS), which was
1 egg for adolescents and 2 eggs for adults.

Wild Game Mammals (meat)
Moose Golder, 2015 (Appendix C)
Porcupine Golder, 2015 (Appendix C)

a.  ≥10% of DS participants reporting consumption of a given food item was conservatively considered to represent significant consumption such that the given food item was evaluated in the HHRA.
Food items reported to be consumed by <10% of DS participants were not evaluated in the HHRA unless there were other factors that merited the inclusion of a certain food item.  Foods consumed by
<10% of DS participants are not considered to contribute significantly to THg and MeHg exposure, on either an individual or community population basis. While foods considered to be of low
significance may occasionally be consumed by some study area community residents, the consumption patterns for these foods (when consumed) would be characterized by a rare or infrequent
consumption frequency such that the foods would be consumed at a very low overall rate. Consequently, ingestion of such food items is unlikely to contribute to THg or MeHg exposure to any
significant extent.

It was assumed that most country food items can be preserved/stored and consumed at any time of the year despite the seasonality of the harvesting for many of these food items, as was reported in
the DS responses (Golder, 2015).  For market basket foods, it was also assumed that the food products can be preserved/stored and consumed at any time of the year. There is less of a seasonal
influence on market basket foods, but there are some meat and seafood products that tend to be purchased or available for purchase on a seasonal basis.

Receptor Parameters
Toddler Child Teen

Average Country Food Consumption Rates (serving sizes); kg ww/d); kg ww eaten per serving (per day)
Fish Species

0.09 0.096 0.176 0.166

Adult
Reference

1 to <4 years 4 to <12 years 12 to <20 years ≥20 years

0.088 0.106 0.167 0.174
0.075 0.106 0.168 0.193

0.075 0.085 0.142 0.171
0 0 0 0

Ringed Seal
0 0 0 0
0 0 0 0

0.075 0.08 0.152 0.165
0.075 0.079 0.139 0.154

Wild Game Bird Species (meat)
0.075 0.083 0.128 0.169
0.075 0.082 0.152 0.161

0 0 0 0
0 0 0 0

Wild Game Bird Species (organs)
0 0 0 0
0 0 0 0

0 0 0.125 0.25

0 0 0 0
0 0.08 0.188 0.156

NOTE: For country food items not consumed by SH DS participants,or  consumed by <10% of DS participants, the
average country food item serving sizes were zeroed for the purpose of exposure and risk calculations.

While wild bird eggs were reported to be consumed by <10% of DS participants
(including those in SH), wild bird egg consumption was assessed in the HHRA for
this community as it has a predominantly Innu population (wild bird egg
consumption is more prominent among Innu and Inuit than it is among non-
Aboriginals). Furthermore, wild bird egg consumption has been raised as a health
concern in the study area by some members of Innu Nation, and wild bird eggs are
known to have a tendency to accumulate elevated levels of MeHg.
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Rabbit (hare) Golder, 2015 (Appendix C)
Wild Game Mammals (organs)
Rabbit (hare) Golder, 2015 (Appendix C)

Seafood (fresh, frozen, canned)
Arctic char
Capelin
Cod
Salmon
Canned tuna
Crab (meat)
Lobster (meat)
Mussels
Scallops
Shrimp
Meats (including eggs)
Beef (meat) steak or roast
Bird eggs (chicken)
Chicken
Turkey
Ground beef
Pork (chops, roast etc.)
Processed meats (e.g., bacon,
bologna, hot dogs, sausages,
sandwich meats)
Meat organs (e.g, beef, chicken)

Fish Species
Brook Trout Golder, 2015 (Appendix C)
Lake Trout Golder, 2015 (Appendix C)
Rock Cod/Burbot (freshwater cod) Golder, 2015 (Appendix C)
Salmon (Atlantic+Ouananiche) Golder, 2015 (Appendix C)
Rainbow Smelt Golder, 2015 (Appendix C)
Ringed Seal
Meat Golder, 2015 (Appendix C)
Organs (liver) Golder, 2015 (Appendix C)
Wild Game Bird Species (meat)
Black Duck Golder, 2015 (Appendix C)
Canada Goose Golder, 2015 (Appendix C)
Grouse Golder, 2015 (Appendix C)
Partridge Golder, 2015 (Appendix C)
Wild Game Bird Species (organs)
Black Duck Golder, 2015 (Appendix C)
Canada Goose Golder, 2015 (Appendix C)
Grouse Golder, 2015 (Appendix C)
Partridge Golder, 2015 (Appendix C)
Wild Bird Eggs
Gulls, ducks, merganser, Canada
goose Developed from Golder (2015) DS response sheets.
Wild Game Mammals (meat)
Moose Golder, 2015 (Appendix C)
Porcupine Golder, 2015 (Appendix C)
Rabbit (hare) Golder, 2015 (Appendix C)
Wild Game Mammals (organs)
Rabbit (hare) Golder, 2015 (Appendix C)

Methylmercury (MeHg) Exposure and Risk Calculations

Food Item M_Toddler Exposure (mg/kg BW/d) M_Child Exposure (mg/kg BW/d) M_Teen Exposure (mg/kg BW/d) M_Adult Exposure (mg/kg BW/d) F_Toddler Exposure (mg/kg BW/d) F_Child Exposure (mg/kg BW/d) F_Teen Exposure (mg/kg BW/d) F_Adult Exposure (mg/kg BW/d)
Fish Species
Brook Trout 5.04699E-06 1.68638E-06 1.77534E-06 1.91472E-06 5.388E-06 1.73498E-06 2.01691E-06 2.28505E-06
Lake Trout 1.01439E-05 1.01761E-05 9.67719E-06 1.75035E-05 1.08293E-05 1.04694E-05 1.09939E-05 2.08889E-05
Rock Cod/Burbot (freshwater cod) 0 0 0 0 0 0 0 0
Salmon (Atlantic+Ouananiche) 1.0799E-05 4.09992E-06 3.52163E-06 4.33848E-06 1.15286E-05 4.21807E-06 4.0008E-06 5.17759E-06
Rainbow Smelt 2.34091E-06 4.14385E-06 1.39875E-06 3.82769E-06 2.49907E-06 4.26327E-06 1.58908E-06 4.568E-06
Ringed Seal
Meat 0 0 0 0 0 0 0 0
Organs (liver) 0 0 0 0 0 0 0 0
Wild Game Bird Species (meat)
Black Duck 1.40356E-05 2.86434E-06 2.90136E-06 3.41184E-06 1.49839E-05 2.94688E-06 3.29613E-06 4.07172E-06
Canada Goose 2.10693E-06 6.86539E-07 7.83426E-07 6.81683E-07 2.24929E-06 7.06324E-07 8.90023E-07 8.13528E-07
Grouse 4.80563E-08 1.91195E-08 1.93424E-08 1.99272E-08 5.13034E-08 1.96705E-08 2.19742E-08 2.37813E-08
Partridge 2.71448E-07 9.94001E-08 1.05344E-07 1.03804E-07 2.89789E-07 1.02265E-07 1.19678E-07 1.23881E-07
Wild Game Bird Species (organs)
Black Duck 0 0 0 0 0 0 0 0
Canada Goose 0 0 0 0 0 0 0 0
Grouse 0 0 0 0 0 0 0 0
Partridge 0 0 0 0 0 0 0 0
Wild Bird Eggs
Gulls, ducks, merganser, Canada
goose 0 0 1.93471E-05 9.65729E-05 0 0 2.19796E-05 0.000115251
Wild Game Mammals (meat)
Moose 0 0 0 0 0 0 0 0
Porcupine 0 1.29135E-07 1.0396E-07 1.15474E-07 0 1.32856E-07 1.18106E-07 1.37808E-07
Rabbit (hare) 4.20454E-07 1.88214E-07 1.84604E-07 1.44585E-07 4.48863E-07 1.93638E-07 2.09722E-07 1.72549E-07
Wild Game Mammals (organs)
Rabbit (hare) 0 0 0 0 0 0 0 0
Seafood (fresh, frozen, canned)
Arctic char 1.53797E-05 4.03361E-05 1.01299E-05 1.15606E-05 1.64189E-05 4.14986E-05 1.15082E-05 1.37966E-05
Capelin 5.06329E-06 0 2.25108E-06 3.84154E-06 5.40541E-06 0 2.55738E-06 4.58453E-06
Cod 2.06605E-05 3.17749E-05 1.09518E-05 3.14483E-05 2.20564E-05 3.26906E-05 1.2442E-05 3.75307E-05
Salmon 2.00728E-06 1.09339E-05 5.6326E-06 4.68594E-06 2.14291E-06 1.1249E-05 6.399E-06 5.59225E-06
Canned tuna 9.09065E-06 1.64027E-05 1.05225E-05 1.41921E-05 9.70488E-06 1.68754E-05 1.19543E-05 1.6937E-05
Crab (meat) 0 1.37116E-06 4.06156E-06 3.89313E-06 0 1.41068E-06 4.61419E-06 4.6461E-06
Lobster (meat) 0 1.1655E-05 6.00407E-06 4.99498E-06 0 1.19908E-05 6.82102E-06 5.96106E-06
Mussels 0 3.09244E-06 1.8355E-06 1.52701E-06 0 3.18156E-06 2.08525E-06 1.82235E-06
Scallops 7.21052E-07 3.19121E-07 9.86375E-07 1.12569E-06 7.69772E-07 3.28318E-07 1.12059E-06 1.34341E-06
Shrimp 0 1.31263E-06 1.36516E-06 1.13573E-06 0 1.35046E-06 1.55092E-06 1.35539E-06
Meats (including eggs)
Beef (meat) steak or roast 5.02078E-07 1.63022E-07 1.71706E-07 1.90019E-07 5.36002E-07 1.6772E-07 1.9507E-07 2.26771E-07
Bird eggs (chicken) 5.55475E-07 2.45841E-07 2.11339E-07 3.28592E-07 5.93007E-07 2.52925E-07 2.40095E-07 3.92145E-07
Chicken 5.38753E-07 1.70314E-07 1.59421E-07 1.32628E-07 5.75156E-07 1.75222E-07 1.81113E-07 1.58279E-07
Turkey 1.87075E-07 2.85183E-07 1.69028E-07 2.10273E-07 1.99715E-07 2.93401E-07 1.92027E-07 2.50942E-07

0 0 0 0
Average Market Basket (Grocery Store or otherwise outside of Study Area) Food Consumption Rates (with consumption frequency accounted for); kg ww/d); annual basis

0.088 0.088 0.148 0.152

0.0027 0.016 0.0078 0.0107

Developed from Golder (2015) DS response sheets based on
DS participant-reported central tendency consumption
frequencies and serving sizes.

0.004 0 0.0078 0.016
0.004

0.0013 0.0053 0.0066 0.0107
0 0.0008 0.0046 0.0053

0.0139 0.0093 0.0321
0.0013 0.016 0.016 0.016

0.0013 0.0013 0.0078 0.0107
0 0.0053 0.0107 0.0107

0 0.0053 0.0053 0.0053
0 0.0046 0.0053 0.0053

0.0214 0.0157 0.0321 0.0427

Developed from Golder (2015) DS response sheets based on
DS participant-reported central tendency consumption
frequencies and serving sizes.

0.016 0.016 0.0267 0.0499

0.0132 0.0235 0.0427 0.0427
0.0053 0.0118 0.016 0.0321

0.0329 0.0235 0.0427 0.0427
0.0027 0.0093 0.0107 0.016

Average Country Food Consumption Frequency (unitless; # of times (days) reported consumed per each season (in DS) divided by 365 days per year); annual basis

8.4E-03 6.0E-03 6.7E-03 9.2E-03

0.0157 0.0278 0.037 0.037
0.0013 0 0.0039 0.0214

9.2E-03 6.6E-03 7.0E-03 9.9E-03
2.7E-03 7.8E-03 3.2E-03 9.2E-03

2.7E-03 5.5E-03 6.1E-03 1.1E-02
2.7E-03 5.5E-03 5.5E-03 8.5E-03

9.6E-03 1.4E-03 1.2E-02 9.6E-03
0 1.4E-03 1.4E-03 9.1E-03

8.7E-03 7.3E-03 7.6E-03 8.7E-03
9.1E-03 7.1E-03 8.3E-03 8.9E-03

1.3E-02 5.5E-03 7.0E-03 7.5E-03
8.1E-03 5.5E-03 6.5E-03 6.5E-03

5.5E-03 7.3E-03 9.8E-03
5.5E-03 5.5E-03 1.0E-02 9.9E-03

1.1E-02 5.5E-03 6.4E-03 7.2E-03
5.5E-03 5.5E-03 7.3E-03 6.2E-03

0 5.5E-03 9.5E-03 7.9E-03

0 5.5E-03 3.6E-03 5.9E-03
7.2E-03 7.3E-03 8.2E-03 7.5E-03

0 0 2.5E-02 7.4E-02

8.2E-03 1.1E-02 9.3E-03 8.8E-03

5.5E-03
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Ground beef 1.16356E-07 9.16792E-08 8.58156E-08 7.13928E-08 1.24218E-07 9.43213E-08 9.74921E-08 8.52008E-08
Pork (chops, roast etc.) 1.78344E-07 1.75733E-07 1.22751E-07 2.0488E-07 1.90394E-07 1.80797E-07 1.39454E-07 2.44506E-07
Processed meats (e.g., bacon,
bologna, hot dogs, sausages,
sandwich meats) 2.32703E-07 1.82363E-07 1.25034E-07 1.0402E-07 2.48427E-07 1.87618E-07 1.42047E-07 1.24139E-07
Meat organs (e.g, beef, chicken) 1.47617E-07 0 1.00968E-07 4.60914E-07 1.57591E-07 0 1.14706E-07 5.50059E-07

TOTAL MeHg Exposure 0.000100594 0.000142605 9.47047E-05 0.000208742 0.000107391 0.000146715 0.000107591 0.000249115
MeHg TRV1 (U.S. EPA, 2001); mg/kg
BW/d 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
MeHg TRV2 (HC, 2010 - adult); mg/kg
BW/d NA NA 0.00047 0.00047 NA NA 0.00047 0.00047
MeHg TRV3 (HC, 2010 - female of
child bearing age/children <12 yrs);
mg/kg BW/d 0.0002 0.0002 NA NA 0.0002 0.0002 0.0002 0.0002
MeHg Risk1 (Hazard
Quotient) 1.005941101 1.426050734 0.947046611 2.087424061 1.073910094 1.467147297 1.075907051 2.491152211
MeHg Risk2 (Hazard
Quotient) NA NA 0.201499279 0.444132779 NA NA 0.228916394 0.530032385
MeHg Risk3 (Hazard
Quotient) 0.502970551 0.713025367 NA NA 0.536955047 0.733573649 0.537953526 1.245576105

MeHg Relative Exposure Contributions - Highest Exposure and Risk Receptor for the Community (F Adult for Shesh.)

Food Item Calculated Exposure Rate
(mg/kg BW/d)

Relative % Contribution to Total
MeHg Exposure (Individual Food
Item Exposure Rate / Total MeHg

Exposure Rate x 100)
Brook Trout 2.2850E-06 0.9
Lake Trout 2.0889E-05 8.4
Rock Cod/Burbot 0.0000E+00 0.0
Salmon (Atlantic+Ouananiche) 5.1776E-06 2.1
Rainbow Smelt 4.5680E-06 1.8
Ringed Seal Meat 0.0000E+00 0.0
Ringed Seal Liver 0.0000E+00 0.0
Black Duck Meat 4.0717E-06 1.6
Canada Goose Meat 8.1353E-07 0.3
Grouse Meat 2.3781E-08 0.0
Partridge Meat 1.2388E-07 0.0
Black Duck Organs 0.0000E+00 0.0
Canada Goose Organs 0.0000E+00 0.0
Grouse Organs 0.0000E+00 0.0
Partridge Organs 0.0000E+00 0.0
Wild Bird Eggs 1.1525E-04 46.3
Moose Meat 0.0000E+00 0.0
Porcupine Meat 1.3781E-07 0.1
Rabbit (hare) Meat 1.7255E-07 0.1
Rabbit (hare)  Organs 0.0000E+00 0.0
Arctic char 1.3797E-05 5.5
Capelin 4.5845E-06 1.8
Cod 3.7531E-05 15.1
Salmon 5.5923E-06 2.2
Canned tuna 1.6937E-05 6.8
Crab (meat) 4.6461E-06 1.9
Lobster (meat) 5.9611E-06 2.4
Mussels 1.8223E-06 0.7
Scallops 1.3434E-06 0.5
Shrimp 1.3554E-06 0.5
Beef (meat) steak or roast 2.2677E-07 0.1
Bird eggs (chicken) 3.9215E-07 0.2
Chicken 1.5828E-07 0.1
Turkey 2.5094E-07 0.1
Ground beef 8.5201E-08 0.0
Pork (chops, roast etc.) 2.4451E-07 0.1
Processed meats 1.2414E-07 0.0
Meat organs (e.g, beef, chicken) 5.5006E-07 0.2
Total MeHg Exposure from all
Assessed Food Items 2.49E-04
Total MeHg Exposure from all
Assessed Country Food Items 1.54E-04 61.6

Total MeHg Exposure from all
Assessed Market Basket Food Items 9.56E-05 38.4

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0

Brook Trout
Lake Trout

Rock Cod/Burbot
Salmon (Atlantic+Ouananiche)

Rainbow Smelt
Ringed Seal Meat
Ringed Seal Liver
Black Duck Meat

Canada Goose Meat
Grouse Meat

Partridge Meat
Black Duck Organs

Canada Goose Organs
Grouse Organs

Partridge Organs
Wild Bird Eggs

Moose Meat
Porcupine Meat

Rabbit (hare) Meat
Rabbit (hare)  Organs

Arctic char
Capelin

Cod
Salmon

Canned tuna
Crab (meat)

Lobster (meat)
Mussels
Scallops
Shrimp

Beef (meat) steak or roast
Bird eggs (chicken)

Chicken
Turkey

Ground beef
Pork (chops, roast etc.)

Processed meats
Meat organs (e.g, beef, chicken)

Relative Percent (%) Contribution to Total MeHg Exposure
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m

Relative MeHg Exposure Contributions for the Female Adult Receptor; Sheshatshiu
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North West River Exposure/Consumption Scenario

Study Area Community
Study Area Locally Harvested Country Food
Items (From Baseline DS)

Consumed to Significant Extenta (y or
n); as Reported in Baseline DS
Outcomes

Store-bought (Market Basket)
Commercial Meat and Seafood
Products (From Baseline DS)

Consumed to Significant Extenta (y or n);
as Reported in Baseline DS Outcomes

North West River (NWR) Fish and Shellfish Seafood (fresh, frozen, canned)
Rock Cod/Burbot y Arctic char y
Lake Trout y Capelin y
Rainbow Smelt y Cod y
Atlantic Salmon/Ouananiche y Flounder/Turbot n
Brook Trout y Halibut n

Shellfish (e.g., clams, mussels, scallops,
crab, lobster, shrimp) n Trout n
Fish or shellfish organs n Salmon y
Seal meat and/or organs y Shark n
Wild Game Birds Swordfish n
Black Duck (meat/organs) y/y Tuna (other than canned) n
Canada Goose (meat/organs) y/y Canned clams n
Grouse (meat/organs) y/y Canned herring n
Partridge (meat/organs) y/y Canned salmon n
Wild Game Mammals Canned sardines n
Beaver (meat/organs) n/n Canned tuna y
Black Bear (meat/organs) n/n Crab (meat/organs) y/n
Moose (meat/organs) y/n Lobster (meat/organs) y/n
Porcupine (meat/organs) y/n Mussels y
Rabbit (meat/organs) y/y Scallops y

Shrimp y

Wild bird eggs n Other seafood (canned, frozen or fresh) n
Seafood organs other than crab or
lobster n

Meats (including eggs)
Beef (meat/organs) y/y
Hamburger (ground beef, pork, chicken
etc.) y
Lamb (meat/organs) n/n
Pork (meat/organs) y/n
Veal (meat/organs) n/n
Turkey (meat/organs) y/n
Chicken (meat/organs) y/y
Eggs (chicken) y

Processed meats (e.g., bacon, bologna,
hot dogs, sausages, sandwich meats) y
Other n

Notes:

Female Male Female Male Female Male Female Male

Lifestage duration Richardson and Stantec, 2013; HC, 2010; Richardson, 1997
Body Weight (kg) 14.8 15.8 34.7 35.7 61 69.3 69.8 83.3 Richardson and Stantec, 2013

Brook Trout Golder, 2015 (Appendix C)
Lake Trout Golder, 2015 (Appendix C)
Rock Cod/Burbot (freshwater cod) Golder, 2015 (Appendix C)
Salmon (Atlantic+Ouananiche) Golder, 2015 (Appendix C)
Rainbow Smelt Golder, 2015 (Appendix C)

Meat Golder, 2015 (Appendix C)
Organs (liver) Golder, 2015 (Appendix C)

Black Duck Golder, 2015 (Appendix C)
Canada Goose Golder, 2015 (Appendix C)
Grouse Golder, 2015 (Appendix C)
Partridge Golder, 2015 (Appendix C)

Black Duck Golder, 2015 (Appendix C)
Canada Goose Golder, 2015 (Appendix C)
Grouse Golder, 2015 (Appendix C)
Partridge Golder, 2015 (Appendix C)
Wild Bird Eggs

Species harvested include: herring
gull, Canada goose, merganser, black
duck; no detailed breakdown
available for how many eggs typically
eaten for a given species; DS
outcomes suggest harvesting is
somewhat opportunistic and reflects
individual harvester preferences.

Assumed based on consideration of wild egg serving sizes
typically used in HC FNFNES Program, as well as review of
several culinary and U.S. Dept. of Agriculture websites.  The
latter noted that duck (merganser), goose and gull eggs are
roughly 1.5x, 3x and 2.5x the size and weight of chicken eggs,
respectively. As harvesters are assumed to eat a variety of wild
bird eggs, a mid-range serving size of 2.5x a typical medium
sized  chicken egg (50 g) was assumed (i.e., 2.5 x 50 g = 125 g).
This serving size is multipled by the average # of wild eggs
consumed per serving (as reported in the DS), which was 1 egg
for adolescents and 2 eggs for adults.

Wild Game Mammals (meat)

a.  ≥10% of DS participants reporting consumption of a given food item was conservatively considered to represent significant consumption such that the given food item was evaluated in the HHRA.  Food
items reported to be consumed by <10% of DS participants were not evaluated in the HHRA unless there were other factors that merited the inclusion of a certain food item.  Foods consumed by <10% of DS
participants are not considered to contribute significantly to THg and MeHg exposure, on either an individual or community population basis. While foods considered to be of low significance may
occasionally be consumed by some study area community residents, the consumption patterns for these foods (when consumed) would be characterized by a rare or infrequent consumption frequency such
that the foods would be consumed at a very low overall rate. Consequently, ingestion of such food items is unlikely to contribute to THg or MeHg exposure to any significant extent.

It was assumed that most country food items can be preserved/stored and consumed at any time of the year despite the seasonality of the harvesting for many of these food items, as was reported in the DS
responses (Golder, 2015).  For market basket foods, it was also assumed that the food products can be preserved/stored and consumed at any time of the year. There is less of a seasonal influence on market
basket foods, but there are some meat and seafood products that tend to be purchased or available for purchase on a seasonal basis.

Receptor Parameters
Toddler Child Teen

Average Country Food Consumption Rates (serving sizes); kg ww/d); kg ww eaten per serving (per day)
Fish Species

0.09 0.096 0.176 0.166

Adult
Reference

1 to <4 years 4 to <12 years 12 to <20 years ≥20 years

0.088 0.106 0.167 0.174
0.075 0.106 0.168 0.193

0.075 0.085 0.142 0.171
0.075 0.11 0.15 0.18

Ringed Seal
0.075 0.15 0.149 0.188

0 0.075 0.125 0.157

0.075 0.08 0.152 0.165
0.075 0.079 0.139 0.154

Wild Game Bird Species (meat)
0.075 0.083 0.128 0.169
0.075 0.082 0.152 0.161

0.075 0.075 0.075 0.084
0.075 0.075 0.075 0.092

Wild Game Bird Species (organs)
0.075 0.075 0.075 0.083
0.075 0.075 0.075 0.086

0 0 0.125 0.25

NOTE: For country food items not consumed by NWR DS participants,or  consumed by <10% of DS participants, the
average country food item serving sizes were zeroed for the purpose of exposure and risk calculations.

While wild bird eggs were reported to be consumed by <10% of DS participants
(including those in NWR), wild bird egg consumption was assessed in the HHRA for
this community as it has a significant Inuit population (wild bird egg consumption
is more prominent among Inuit and Innu than it is among non-Aboriginals).
Furthermore, wild bird egg consumption has been raised as a health concern in
the study area by members of Inuit organizations, and wild bird eggs are known to
have a tendency to accumulate elevated levels of MeHg.
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Moose Golder, 2015 (Appendix C)
Porcupine Golder, 2015 (Appendix C)
Rabbit (hare) Golder, 2015 (Appendix C)
Wild Game Mammals (organs)
Rabbit (hare) Golder, 2015 (Appendix C)

Seafood (fresh, frozen, canned)
Arctic char
Capelin
Cod
Salmon
Canned tuna
Crab (meat)
Lobster (meat)
Mussels
Scallops
Shrimp
Meats (including eggs)
Beef (meat) steak or roast
Bird eggs (chicken)
Chicken
Turkey
Ground beef
Pork (chops, roast etc.)
Processed meats (e.g., bacon,
bologna, hot dogs, sausages,
sandwich meats)
Meat organs (e.g, beef, chicken)

Fish Species
Brook Trout Golder, 2015 (Appendix C)
Lake Trout Golder, 2015 (Appendix C)
Rock Cod/Burbot (freshwater cod) Golder, 2015 (Appendix C)
Salmon (Atlantic+Ouananiche) Golder, 2015 (Appendix C)
Rainbow Smelt Golder, 2015 (Appendix C)
Ringed Seal
Meat Golder, 2015 (Appendix C)
Organs (liver) Golder, 2015 (Appendix C)
Wild Game Bird Species (meat)
Black Duck Golder, 2015 (Appendix C)
Canada Goose Golder, 2015 (Appendix C)
Grouse Golder, 2015 (Appendix C)
Partridge Golder, 2015 (Appendix C)
Wild Game Bird Species (organs)
Black Duck Golder, 2015 (Appendix C)
Canada Goose Golder, 2015 (Appendix C)
Grouse Golder, 2015 (Appendix C)
Partridge Golder, 2015 (Appendix C)
Wild Bird Eggs
Gulls, ducks, merganser, Canada
goose Developed from Golder (2015) DS response sheets.
Wild Game Mammals (meat)
Moose Golder, 2015 (Appendix C)
Porcupine Golder, 2015 (Appendix C)
Rabbit (hare) Golder, 2015 (Appendix C)
Wild Game Mammals (organs)
Rabbit (hare) Golder, 2015 (Appendix C)

Methylmercury (MeHg) Exposure and Risk Calculations

Food Item M_Toddler Exposure (mg/kg BW/d) M_Child Exposure (mg/kg BW/d) M_Teen Exposure (mg/kg BW/d) M_Adult Exposure (mg/kg BW/d) F_Toddler Exposure (mg/kg BW/d) F_Child Exposure (mg/kg BW/d) F_Teen Exposure (mg/kg BW/d) F_Adult Exposure (mg/kg BW/d)
Fish Species
Brook Trout 5.04699E-06 1.68638E-06 1.77534E-06 1.91472E-06 5.388E-06 1.73498E-06 2.01691E-06 2.28505E-06
Lake Trout 1.01439E-05 1.01761E-05 9.67719E-06 1.75035E-05 1.08293E-05 1.04694E-05 1.09939E-05 2.08889E-05
Rock Cod/Burbot (freshwater cod) 3.51136E-06 4.55854E-06 3.20228E-06 4.95519E-06 3.74861E-06 4.68991E-06 3.638E-06 5.91357E-06
Salmon (Atlantic+Ouananiche) 1.0799E-05 4.09992E-06 3.52163E-06 4.33848E-06 1.15286E-05 4.21807E-06 4.0008E-06 5.17759E-06
Rainbow Smelt 2.34091E-06 4.14385E-06 1.39875E-06 3.82769E-06 2.49907E-06 4.26327E-06 1.58908E-06 4.568E-06
Ringed Seal
Meat 2.3214E-05 2.93542E-06 1.35189E-05 1.10372E-05 2.47825E-05 3.02002E-06 1.53584E-05 1.31719E-05
Organs (liver) 0 3.94123E-06 3.38389E-06 2.3478E-05 0 4.05481E-06 3.84432E-06 2.80189E-05
Wild Game Bird Species (meat)
Black Duck 1.40356E-05 2.86434E-06 2.90136E-06 3.41184E-06 1.49839E-05 2.94688E-06 3.29613E-06 4.07172E-06
Canada Goose 2.10693E-06 6.86539E-07 7.83426E-07 6.81683E-07 2.24929E-06 7.06324E-07 8.90023E-07 8.13528E-07
Grouse 4.80563E-08 1.91195E-08 1.93424E-08 1.99272E-08 5.13034E-08 1.96705E-08 2.19742E-08 2.37813E-08
Partridge 2.71448E-07 9.94001E-08 1.05344E-07 1.03804E-07 2.89789E-07 1.02265E-07 1.19678E-07 1.23881E-07
Wild Game Bird Species (organs)
Black Duck 2.45634E-05 5.43559E-06 3.26218E-06 3.3901E-06 2.62231E-05 5.59224E-06 3.70605E-06 4.04578E-06
Canada Goose 1.16792E-06 5.16897E-07 3.55484E-07 2.8958E-07 1.24684E-06 5.31793E-07 4.03853E-07 3.45588E-07
Grouse 5.16121E-07 2.28423E-07 1.57093E-07 1.96261E-07 5.50994E-07 2.35006E-07 1.78468E-07 2.3422E-07
Partridge 7.90175E-07 3.49714E-07 3.44998E-07 3.30929E-07 8.43566E-07 3.59792E-07 3.9194E-07 3.94934E-07
Wild Bird Eggs
Gulls, ducks, merganser, Canada
goose 0 0 1.93471E-05 9.65729E-05 0 0 2.19796E-05 0.000115251
Wild Game Mammals (meat)
Moose 8.36852E-08 5.75212E-08 3.83461E-08 3.58915E-08 8.93396E-08 5.91788E-08 4.35636E-08 4.28332E-08
Porcupine 0 1.29135E-07 1.0396E-07 1.15474E-07 0 1.32856E-07 1.18106E-07 1.37808E-07
Rabbit (hare) 4.20454E-07 1.88214E-07 1.84604E-07 1.44585E-07 4.48863E-07 1.93638E-07 2.09722E-07 1.72549E-07
Wild Game Mammals (organs)
Rabbit (hare) 0 2.473E-07 2.4236E-07 1.81737E-07 0 2.54427E-07 2.75337E-07 2.16887E-07
Seafood (fresh, frozen, canned)
Arctic char 1.53797E-05 4.03361E-05 1.01299E-05 1.15606E-05 1.64189E-05 4.14986E-05 1.15082E-05 1.37966E-05
Capelin 5.06329E-06 0 2.25108E-06 3.84154E-06 5.40541E-06 0 2.55738E-06 4.58453E-06
Cod 2.06605E-05 3.17749E-05 1.09518E-05 3.14483E-05 2.20564E-05 3.26906E-05 1.2442E-05 3.75307E-05
Salmon 2.00728E-06 1.09339E-05 5.6326E-06 4.68594E-06 2.14291E-06 1.1249E-05 6.399E-06 5.59225E-06
Canned tuna 9.09065E-06 1.64027E-05 1.05225E-05 1.41921E-05 9.70488E-06 1.68754E-05 1.19543E-05 1.6937E-05
Crab (meat) 0 1.37116E-06 4.06156E-06 3.89313E-06 0 1.41068E-06 4.61419E-06 4.6461E-06
Lobster (meat) 0 1.1655E-05 6.00407E-06 4.99498E-06 0 1.19908E-05 6.82102E-06 5.96106E-06
Mussels 0 3.09244E-06 1.8355E-06 1.52701E-06 0 3.18156E-06 2.08525E-06 1.82235E-06
Scallops 7.21052E-07 3.19121E-07 9.86375E-07 1.12569E-06 7.69772E-07 3.28318E-07 1.12059E-06 1.34341E-06
Shrimp 0 1.31263E-06 1.36516E-06 1.13573E-06 0 1.35046E-06 1.55092E-06 1.35539E-06
Meats (including eggs)

0.075 0.091 0.133 0.158

0 0.075 0.082 0.089
Average Market Basket (Grocery Store or otherwise outside of Study Area) Food Consumption Rates (with consumption frequency accounted for); kg ww/d); annual basis

0 0.08 0.188 0.156
0.088 0.088 0.148 0.152

0.0027 0.016 0.0078 0.0107

Developed from Golder (2015) DS response sheets based on DS
participant-reported central tendency consumption frequencies
and serving sizes.

0.004 0 0.0078 0.016
0.004

0.0013 0.0053 0.0066 0.0107
0 0.0008 0.0046 0.0053

0.0139 0.0093 0.0321
0.0013 0.016 0.016 0.016

0.0013 0.0013 0.0078 0.0107
0 0.0053 0.0107 0.0107

0 0.0053 0.0053 0.0053
0 0.0046 0.0053 0.0053

0.0214 0.0157 0.0321 0.0427

Developed from Golder (2015) DS response sheets based on DS
participant-reported central tendency consumption frequencies
and serving sizes.

0.016 0.016 0.0267 0.0499

0.0132 0.0235 0.0427 0.0427
0.0053 0.0118 0.016 0.0321

0.0329 0.0235 0.0427 0.0427
0.0027 0.0093 0.0107 0.016

Average Country Food Consumption Frequency (unitless; # of times (days) reported consumed per each season (in DS) divided by 365 days per year); annual basis

8.4E-03 6.0E-03 6.7E-03 9.2E-03

0.0157 0.0278 0.037 0.037
0.0013 0 0.0039 0.0214

9.2E-03 6.6E-03 7.0E-03 9.9E-03
2.7E-03 7.8E-03 3.2E-03 9.2E-03

2.7E-03 5.5E-03 6.1E-03 1.1E-02
2.7E-03 5.5E-03 5.5E-03 8.5E-03

9.6E-03 1.4E-03 1.2E-02 9.6E-03
0 1.4E-03 1.4E-03 9.1E-03

8.7E-03 7.3E-03 7.6E-03 8.7E-03
9.1E-03 7.1E-03 8.3E-03 8.9E-03

1.3E-02 5.5E-03 7.0E-03 7.5E-03
8.1E-03 5.5E-03 6.5E-03 6.5E-03

5.5E-03 7.3E-03 9.8E-03
5.5E-03 5.5E-03 1.0E-02 9.9E-03

1.1E-02 5.5E-03 6.4E-03 7.2E-03
5.5E-03 5.5E-03 7.3E-03 6.2E-03

0 5.5E-03 9.5E-03 7.9E-03

0 5.5E-03 3.6E-03 5.9E-03
7.2E-03 7.3E-03 8.2E-03 7.5E-03

0 0 2.5E-02 7.4E-02

8.2E-03 1.1E-02 9.3E-03 8.8E-03

5.5E-03
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Beef (meat) steak or roast 5.02078E-07 1.63022E-07 1.71706E-07 1.90019E-07 5.36002E-07 1.6772E-07 1.9507E-07 2.26771E-07
Bird eggs (chicken) 5.55475E-07 2.45841E-07 2.11339E-07 3.28592E-07 5.93007E-07 2.52925E-07 2.40095E-07 3.92145E-07
Chicken 5.38753E-07 1.70314E-07 1.59421E-07 1.32628E-07 5.75156E-07 1.75222E-07 1.81113E-07 1.58279E-07
Turkey 1.87075E-07 2.85183E-07 1.69028E-07 2.10273E-07 1.99715E-07 2.93401E-07 1.92027E-07 2.50942E-07
Ground beef 1.16356E-07 9.16792E-08 8.58156E-08 7.13928E-08 1.24218E-07 9.43213E-08 9.74921E-08 8.52008E-08
Pork (chops, roast etc.) 1.78344E-07 1.75733E-07 1.22751E-07 2.0488E-07 1.90394E-07 1.80797E-07 1.39454E-07 2.44506E-07
Processed meats (e.g., bacon,
bologna, hot dogs, sausages,
sandwich meats) 2.32703E-07 1.82363E-07 1.25034E-07 1.0402E-07 2.48427E-07 1.87618E-07 1.42047E-07 1.24139E-07
Meat organs (e.g, beef, chicken) 1.47617E-07 0 1.00968E-07 4.60914E-07 1.57591E-07 0 1.14706E-07 5.50059E-07

TOTAL MeHg Exposure 0.000154441 0.000160876 0.00011921 0.000252637 0.000164876 0.000165512 0.000135431 0.0003015
MeHg TRV1 (U.S. EPA, 2001); mg/kg
BW/d 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
MeHg TRV2 (HC, 2010 - adult); mg/kg
BW/d NA NA 0.00047 0.00047 NA NA 0.00047 0.00047
MeHg TRV3 (HC, 2010 - female of
child bearing age/children <12 yrs);
mg/kg BW/d 0.0002 0.0002 NA NA 0.0002 0.0002 0.0002 0.0002

MeHg Risk1 (Hazard Quotient) 1.544407247 1.608757112 1.192102326 2.526373201 1.648759088 1.655118988 1.354306413 3.01499839

MeHg Risk2 (Hazard Quotient) NA NA 0.253638793 0.537526213 NA NA 0.288150301 0.641489019

MeHg Risk3 (Hazard Quotient) 0.772203623 0.804378556 NA NA 0.824379544 0.827559494 0.677153206 1.507499195

MeHg Relative Exposure Contributions - Highest Exposure and Risk Receptor for the Community (F Adult for NWR)

Food Item Calculated Exposure Rate
(mg/kg BW/d)

Relative % Contribution to Total MeHg
Exposure (Individual Food Item

Exposure Rate / Total MeHg Exposure
Rate x 100)

Brook Trout 2.2850E-06 0.8
Lake Trout 2.0889E-05 6.9
Rock Cod/Burbot 5.9136E-06 2.0
Salmon (Atlantic+Ouananiche) 5.1776E-06 1.7
Rainbow Smelt 4.5680E-06 1.5
Ringed Seal Meat 1.3172E-05 4.4
Ringed Seal Liver 2.8019E-05 9.3
Black Duck Meat 4.0717E-06 1.4
Canada Goose Meat 8.1353E-07 0.3
Grouse Meat 2.3781E-08 0.0
Partridge Meat 1.2388E-07 0.0
Black Duck Organs 4.0458E-06 1.3
Canada Goose Organs 3.4559E-07 0.1
Grouse Organs 2.3422E-07 0.1
Partridge Organs 3.9493E-07 0.1
Wild Bird Eggs 1.1525E-04 38.2
Moose Meat 4.2833E-08 0.0
Porcupine Meat 1.3781E-07 0.0
Rabbit (hare) Meat 1.7255E-07 0.1
Rabbit (hare)  Organs 2.1689E-07 0.1
Arctic char 1.3797E-05 4.6
Capelin 4.5845E-06 1.5
Cod 3.7531E-05 12.4
Salmon 5.5923E-06 1.9
Canned tuna 1.6937E-05 5.6
Crab (meat) 4.6461E-06 1.5
Lobster (meat) 5.9611E-06 2.0
Mussels 1.8223E-06 0.6
Scallops 1.3434E-06 0.4
Shrimp 1.3554E-06 0.4
Beef (meat) steak or roast 2.2677E-07 0.1
Bird eggs (chicken) 3.9215E-07 0.1
Chicken 1.5828E-07 0.1
Turkey 2.5094E-07 0.1
Ground beef 8.5201E-08 0.0
Pork (chops, roast etc.) 2.4451E-07 0.1
Processed meats 1.2414E-07 0.0
Meat organs (e.g, beef, chicken) 5.5006E-07 0.2
Total MeHg Exposure from all
Assessed Food Items 3.01E-04
Total MeHg Exposure from all
Assessed Country Food Items 2.06E-04 68.3

Total MeHg Exposure from all
Assessed Market Basket Food Items 9.56E-05 31.7

0 5 10 15 20 25 30 35 40 45

Brook Trout
Lake Trout

Rock Cod/Burbot
Salmon (Atlantic+Ouananiche)

Rainbow Smelt
Ringed Seal Meat
Ringed Seal Liver
Black Duck Meat

Canada Goose Meat
Grouse Meat

Partridge Meat
Black Duck Organs

Canada Goose Organs
Grouse Organs

Partridge Organs
Wild Bird Eggs

Moose Meat
Porcupine Meat

Rabbit (hare) Meat
Rabbit (hare)  Organs

Arctic char
Capelin

Cod
Salmon

Canned tuna
Crab (meat)

Lobster (meat)
Mussels
Scallops
Shrimp

Beef (meat) steak or roast
Bird eggs (chicken)

Chicken
Turkey

Ground beef
Pork (chops, roast etc.)

Processed meats
Meat organs (e.g, beef, chicken)

Relative Percent (%) Contribution to Total MeHg Exposure
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Relative MeHg Exposure Contributions for the Female Adult Receptor; North West River

CIMFP Exhibit P-00271 - Appendix O - 44 Page 250



Mud Lake Exposure/Consumption Scenario

Study Area Community
Study Area Locally Harvested Country Food
Items (From Baseline DS)

Consumed to Significant Extenta (y or
n); as Reported in Baseline DS
Outcomes

Store-bought (Market Basket)
Commercial Meat and Seafood
Products (From Baseline DS)

Consumed to Significant Extenta (y or n);
as Reported in Baseline DS Outcomes

Mud Lake (ML) Fish and Shellfish Seafood (fresh, frozen, canned)
Rock Cod/Burbot y Arctic char y
Lake Trout y Capelin y
Rainbow Smelt y Cod y
Atlantic Salmon/Ouananiche y Flounder/Turbot n
Brook Trout y Halibut n

Shellfish (e.g., clams, mussels, scallops,
crab, lobster, shrimp) n Trout n
Fish or shellfish organs n Salmon y
Seal meat and/or organs y Shark n
Wild Game Birds Swordfish n
Black Duck (meat/organs) y/y Tuna (other than canned) n
Canada Goose (meat/organs) y/y Canned clams n
Grouse (meat/organs) y/y Canned herring n
Partridge (meat/organs) y/y Canned salmon n
Wild Game Mammals Canned sardines n
Beaver (meat/organs) n/n Canned tuna y
Black Bear (meat/organs) n/n Crab (meat/organs) y/n
Moose (meat/organs) y/n Lobster (meat/organs) y/n
Porcupine (meat/organs) y/n Mussels y
Rabbit (meat/organs) y/y Scallops y

Shrimp y

Wild bird eggs n Other seafood (canned, frozen or fresh) n
Seafood organs other than crab or
lobster n

Meats (including eggs)
Beef (meat/organs) y/y
Hamburger (ground beef, pork, chicken
etc.) y
Lamb (meat/organs) n/n
Pork (meat/organs) y/n
Veal (meat/organs) n/n
Turkey (meat/organs) y/n
Chicken (meat/organs) y/y
Eggs (chicken) y

Processed meats (e.g., bacon, bologna,
hot dogs, sausages, sandwich meats) y
Other n

Notes:

Female Male Female Male Female Male Female Male

Lifestage duration Richardson and Stantec, 2013; HC, 2010; Richardson, 1997
Body Weight (kg) 14.8 15.8 34.7 35.7 61 69.3 69.8 83.3 Richardson and Stantec, 2013

Brook Trout Golder, 2015 (Appendix C)
Lake Trout Golder, 2015 (Appendix C)
Rock Cod/Burbot (freshwater cod) Golder, 2015 (Appendix C)
Salmon (Atlantic+Ouananiche) Golder, 2015 (Appendix C)
Rainbow Smelt Golder, 2015 (Appendix C)

Meat Golder, 2015 (Appendix C)
Organs (liver) Golder, 2015 (Appendix C)

Black Duck Golder, 2015 (Appendix C)
Canada Goose Golder, 2015 (Appendix C)
Grouse Golder, 2015 (Appendix C)
Partridge Golder, 2015 (Appendix C)

Black Duck Golder, 2015 (Appendix C)
Canada Goose Golder, 2015 (Appendix C)
Grouse Golder, 2015 (Appendix C)
Partridge Golder, 2015 (Appendix C)
Wild Bird Eggs

Species harvested include: herring
gull, Canada goose, merganser, black
duck; no detailed breakdown available
for how many eggs typically eaten for
a given species; DS outcomes suggest
harvesting is somewhat opportunistic
and reflects individual harvester
preferences.

Assumed based on consideration of wild egg serving sizes
typically used in HC FNFNES Program, as well as review of
several culinary and U.S. Dept. of Agriculture websites.  The
latter noted that duck (merganser), goose and gull eggs are
roughly 1.5x, 3x and 2.5x the size and weight of chicken eggs,
respectively. As harvesters are assumed to eat a variety of wild
bird eggs, a mid-range serving size of 2.5x a typical medium
sized chicken egg (50 g) was assumed (i.e., 2.5 x 50 g = 125 g).
This serving size is multipled by the average # of wild eggs
consumed per serving (as reported in the DS), which was 1 egg
for adolescents and 2 eggs for adults.

Wild Game Mammals (meat)
Moose Golder, 2015 (Appendix C)
Porcupine Golder, 2015 (Appendix C)

a.  ≥10% of DS participants reporting consumption of a given food item was conservatively considered to represent significant consumption such that the given food item was evaluated in the HHRA.  Food
items reported to be consumed by <10% of DS participants were not evaluated in the HHRA unless there were other factors that merited the inclusion of a certain food item.  Foods consumed by <10% of DS
participants are not considered to contribute significantly to THg and MeHg exposure, on either an individual or community population basis. While foods considered to be of low significance may
occasionally be consumed by some study area community residents, the consumption patterns for these foods (when consumed) would be characterized by a rare or infrequent consumption frequency such
that the foods would be consumed at a very low overall rate. Consequently, ingestion of such food items is unlikely to contribute to THg or MeHg exposure to any significant extent.

It was assumed that most country food items can be preserved/stored and consumed at any time of the year despite the seasonality of the harvesting for many of these food items, as was reported in the DS
responses (Golder, 2015).  For market basket foods, it was also assumed that the food products can be preserved/stored and consumed at any time of the year. There is less of a seasonal influence on market
basket foods, but there are some meat and seafood products that tend to be purchased or available for purchase on a seasonal basis.

Receptor Parameters
Toddler Child Teen

Average Country Food Consumption Rates (serving sizes); kg ww/d); kg ww eaten per serving (per day)
Fish Species

0.09 0.096 0.176 0.166

Adult
Reference

1 to <4 years 4 to <12 years 12 to <20 years ≥20 years

0.088 0.106 0.167 0.174
0.075 0.106 0.168 0.193

0.075 0.085 0.142 0.171
0.075 0.11 0.15 0.18

Ringed Seal
0.075 0.15 0.149 0.188

0 0.075 0.125 0.157

0.075 0.08 0.152 0.165
0.075 0.079 0.139 0.154

Wild Game Bird Species (meat)
0.075 0.083 0.128 0.169
0.075 0.082 0.152 0.161

0.075 0.075 0.075 0.084
0.075 0.075 0.075 0.092

Wild Game Bird Species (organs)
0.075 0.075 0.075 0.083
0.075 0.075 0.075 0.086

0 0 0.125 0.25

0.075 0.091 0.133 0.158
0 0.08 0.188 0.156

NOTE: For country food items not consumed by ML DS participants,or  consumed by <10% of DS participants, the
average country food item serving sizes were zeroed for the purpose of exposure and risk calculations.

While wild bird eggs were reported to be consumed by <10% of DS participants
(including those in ML), wild bird egg consumption was assessed in the HHRA for
this community as it has a significant Inuit population (wild bird egg consumption
is more prominent among Inuit and Innu than it is among non-Aboriginals).
Furthermore, wild bird egg consumption has been raised as a health concern in
the study area by members of Inuit organizations, and wild bird eggs are known
to have a tendency to accumulate elevated levels of MeHg.
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Rabbit (hare) Golder, 2015 (Appendix C)
Wild Game Mammals (organs)
Rabbit (hare) Golder, 2015 (Appendix C)

Seafood (fresh, frozen, canned)
Arctic char
Capelin
Cod
Salmon
Canned tuna
Crab (meat)
Lobster (meat)
Mussels
Scallops
Shrimp
Meats (including eggs)
Beef (meat) steak or roast
Bird eggs (chicken)
Chicken
Turkey
Ground beef
Pork (chops, roast etc.)

Processed meats (e.g., bacon, bologna,
hot dogs, sausages, sandwich meats)
Meat organs (e.g, beef, chicken)

Fish Species
Brook Trout Golder, 2015 (Appendix C)
Lake Trout Golder, 2015 (Appendix C)
Rock Cod/Burbot (freshwater cod) Golder, 2015 (Appendix C)
Salmon (Atlantic+Ouananiche) Golder, 2015 (Appendix C)
Rainbow Smelt Golder, 2015 (Appendix C)
Ringed Seal
Meat Golder, 2015 (Appendix C)
Organs (liver) Golder, 2015 (Appendix C)
Wild Game Bird Species (meat)
Black Duck Golder, 2015 (Appendix C)
Canada Goose Golder, 2015 (Appendix C)
Grouse Golder, 2015 (Appendix C)
Partridge Golder, 2015 (Appendix C)
Wild Game Bird Species (organs)
Black Duck Golder, 2015 (Appendix C)
Canada Goose Golder, 2015 (Appendix C)
Grouse Golder, 2015 (Appendix C)
Partridge Golder, 2015 (Appendix C)
Wild Bird Eggs

Gulls, ducks, merganser, Canada goose Developed from Golder (2015) DS response sheets.
Wild Game Mammals (meat)
Moose Golder, 2015 (Appendix C)
Porcupine Golder, 2015 (Appendix C)
Rabbit (hare) Golder, 2015 (Appendix C)
Wild Game Mammals (organs)
Rabbit (hare) Golder, 2015 (Appendix C)

Methylmercury (MeHg) Exposure and Risk Calculations

Food Item M_Toddler Exposure (mg/kg BW/d) M_Child Exposure (mg/kg BW/d) M_Teen Exposure (mg/kg BW/d) M_Adult Exposure (mg/kg BW/d) F_Toddler Exposure (mg/kg BW/d) F_Child Exposure (mg/kg BW/d) F_Teen Exposure (mg/kg BW/d) F_Adult Exposure (mg/kg BW/d)
Fish Species
Brook Trout 5.04699E-06 1.68638E-06 1.77534E-06 1.91472E-06 5.388E-06 1.73498E-06 2.01691E-06 2.28505E-06
Lake Trout 1.01439E-05 1.01761E-05 9.67719E-06 1.75035E-05 1.08293E-05 1.04694E-05 1.09939E-05 2.08889E-05
Rock Cod/Burbot (freshwater cod) 3.51136E-06 4.55854E-06 3.20228E-06 4.95519E-06 3.74861E-06 4.68991E-06 3.638E-06 5.91357E-06
Salmon (Atlantic+Ouananiche) 1.0799E-05 4.09992E-06 3.52163E-06 4.33848E-06 1.15286E-05 4.21807E-06 4.0008E-06 5.17759E-06
Rainbow Smelt 2.34091E-06 4.14385E-06 1.39875E-06 3.82769E-06 2.49907E-06 4.26327E-06 1.58908E-06 4.568E-06
Ringed Seal
Meat 2.3214E-05 2.93542E-06 1.35189E-05 1.10372E-05 2.47825E-05 3.02002E-06 1.53584E-05 1.31719E-05
Organs (liver) 0 3.94123E-06 3.38389E-06 2.3478E-05 0 4.05481E-06 3.84432E-06 2.80189E-05
Wild Game Bird Species (meat)
Black Duck 1.40356E-05 2.86434E-06 2.90136E-06 3.41184E-06 1.49839E-05 2.94688E-06 3.29613E-06 4.07172E-06
Canada Goose 2.10693E-06 6.86539E-07 7.83426E-07 6.81683E-07 2.24929E-06 7.06324E-07 8.90023E-07 8.13528E-07
Grouse 4.80563E-08 1.91195E-08 1.93424E-08 1.99272E-08 5.13034E-08 1.96705E-08 2.19742E-08 2.37813E-08
Partridge 2.71448E-07 9.94001E-08 1.05344E-07 1.03804E-07 2.89789E-07 1.02265E-07 1.19678E-07 1.23881E-07
Wild Game Bird Species (organs)
Black Duck 2.45634E-05 5.43559E-06 3.26218E-06 3.3901E-06 2.62231E-05 5.59224E-06 3.70605E-06 4.04578E-06
Canada Goose 1.16792E-06 5.16897E-07 3.55484E-07 2.8958E-07 1.24684E-06 5.31793E-07 4.03853E-07 3.45588E-07
Grouse 5.16121E-07 2.28423E-07 1.57093E-07 1.96261E-07 5.50994E-07 2.35006E-07 1.78468E-07 2.3422E-07
Partridge 7.90175E-07 3.49714E-07 3.44998E-07 3.30929E-07 8.43566E-07 3.59792E-07 3.9194E-07 3.94934E-07
Wild Bird Eggs

Gulls, ducks, merganser, Canada goose 0 0 1.93471E-05 9.65729E-05 0 0 2.19796E-05 0.000115251
Wild Game Mammals (meat)
Moose 8.36852E-08 5.75212E-08 3.83461E-08 3.58915E-08 8.93396E-08 5.91788E-08 4.35636E-08 4.28332E-08
Porcupine 0 1.29135E-07 1.0396E-07 1.15474E-07 0 1.32856E-07 1.18106E-07 1.37808E-07
Rabbit (hare) 4.20454E-07 1.88214E-07 1.84604E-07 1.44585E-07 4.48863E-07 1.93638E-07 2.09722E-07 1.72549E-07
Wild Game Mammals (organs)
Rabbit (hare) 0 2.473E-07 2.4236E-07 1.81737E-07 0 2.54427E-07 2.75337E-07 2.16887E-07
Seafood (fresh, frozen, canned)
Arctic char 1.53797E-05 4.03361E-05 1.01299E-05 1.15606E-05 1.64189E-05 4.14986E-05 1.15082E-05 1.37966E-05
Capelin 5.06329E-06 0 2.25108E-06 3.84154E-06 5.40541E-06 0 2.55738E-06 4.58453E-06
Cod 2.06605E-05 3.17749E-05 1.09518E-05 3.14483E-05 2.20564E-05 3.26906E-05 1.2442E-05 3.75307E-05
Salmon 2.00728E-06 1.09339E-05 5.6326E-06 4.68594E-06 2.14291E-06 1.1249E-05 6.399E-06 5.59225E-06
Canned tuna 9.09065E-06 1.64027E-05 1.05225E-05 1.41921E-05 9.70488E-06 1.68754E-05 1.19543E-05 1.6937E-05
Crab (meat) 0 1.37116E-06 4.06156E-06 3.89313E-06 0 1.41068E-06 4.61419E-06 4.6461E-06
Lobster (meat) 0 1.1655E-05 6.00407E-06 4.99498E-06 0 1.19908E-05 6.82102E-06 5.96106E-06
Mussels 0 3.09244E-06 1.8355E-06 1.52701E-06 0 3.18156E-06 2.08525E-06 1.82235E-06
Scallops 7.21052E-07 3.19121E-07 9.86375E-07 1.12569E-06 7.69772E-07 3.28318E-07 1.12059E-06 1.34341E-06
Shrimp 0 1.31263E-06 1.36516E-06 1.13573E-06 0 1.35046E-06 1.55092E-06 1.35539E-06
Meats (including eggs)
Beef (meat) steak or roast 5.02078E-07 1.63022E-07 1.71706E-07 1.90019E-07 5.36002E-07 1.6772E-07 1.9507E-07 2.26771E-07
Bird eggs (chicken) 5.55475E-07 2.45841E-07 2.11339E-07 3.28592E-07 5.93007E-07 2.52925E-07 2.40095E-07 3.92145E-07

0 0.075 0.082 0.089
Average Market Basket (Grocery Store or otherwise outside of Study Area) Food Consumption Rates (with consumption frequency accounted for); kg ww/d); annual basis

0.088 0.088 0.148 0.152

0.0027 0.016 0.0078 0.0107

Developed from Golder (2015) DS response sheets based on DS
participant-reported central tendency consumption frequencies
and serving sizes.

0.004 0 0.0078 0.016
0.004

0.0013 0.0053 0.0066 0.0107
0 0.0008 0.0046 0.0053

0.0139 0.0093 0.0321
0.0013 0.016 0.016 0.016

0.0013 0.0013 0.0078 0.0107
0 0.0053 0.0107 0.0107

0 0.0053 0.0053 0.0053
0 0.0046 0.0053 0.0053

0.0214 0.0157 0.0321 0.0427

Developed from Golder (2015) DS response sheets based on DS
participant-reported central tendency consumption frequencies
and serving sizes.

0.016 0.016 0.0267 0.0499

0.0132 0.0235 0.0427 0.0427
0.0053 0.0118 0.016 0.0321

0.0329 0.0235 0.0427 0.0427
0.0027 0.0093 0.0107 0.016

Average Country Food Consumption Frequency (unitless; # of times (days) reported consumed per each season (in DS) divided by 365 days per year); annual basis

8.4E-03 6.0E-03 6.7E-03 9.2E-03

0.0157 0.0278 0.037 0.037
0.0013 0 0.0039 0.0214

9.2E-03 6.6E-03 7.0E-03 9.9E-03
2.7E-03 7.8E-03 3.2E-03 9.2E-03

2.7E-03 5.5E-03 6.1E-03 1.1E-02
2.7E-03 5.5E-03 5.5E-03 8.5E-03

9.6E-03 1.4E-03 1.2E-02 9.6E-03
0 1.4E-03 1.4E-03 9.1E-03

8.7E-03 7.3E-03 7.6E-03 8.7E-03
9.1E-03 7.1E-03 8.3E-03 8.9E-03

1.3E-02 5.5E-03 7.0E-03 7.5E-03
8.1E-03 5.5E-03 6.5E-03 6.5E-03

5.5E-03 7.3E-03 9.8E-03
5.5E-03 5.5E-03 1.0E-02 9.9E-03

1.1E-02 5.5E-03 6.4E-03 7.2E-03
5.5E-03 5.5E-03 7.3E-03 6.2E-03

0 5.5E-03 9.5E-03 7.9E-03

0 5.5E-03 3.6E-03 5.9E-03
7.2E-03 7.3E-03 8.2E-03 7.5E-03

0 0 2.5E-02 7.4E-02

8.2E-03 1.1E-02 9.3E-03 8.8E-03

5.5E-03
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Chicken 5.38753E-07 1.70314E-07 1.59421E-07 1.32628E-07 5.75156E-07 1.75222E-07 1.81113E-07 1.58279E-07
Turkey 1.87075E-07 2.85183E-07 1.69028E-07 2.10273E-07 1.99715E-07 2.93401E-07 1.92027E-07 2.50942E-07
Ground beef 1.16356E-07 9.16792E-08 8.58156E-08 7.13928E-08 1.24218E-07 9.43213E-08 9.74921E-08 8.52008E-08
Pork (chops, roast etc.) 1.78344E-07 1.75733E-07 1.22751E-07 2.0488E-07 1.90394E-07 1.80797E-07 1.39454E-07 2.44506E-07

Processed meats (e.g., bacon, bologna,
hot dogs, sausages, sandwich meats) 2.32703E-07 1.82363E-07 1.25034E-07 1.0402E-07 2.48427E-07 1.87618E-07 1.42047E-07 1.24139E-07
Meat organs (e.g, beef, chicken) 1.47617E-07 0 1.00968E-07 4.60914E-07 1.57591E-07 0 1.14706E-07 5.50059E-07

TOTAL MeHg Exposure 0.000154441 0.000160876 0.00011921 0.000252637 0.000164876 0.000165512 0.000135431 0.0003015
MeHg TRV1 (U.S. EPA, 2001); mg/kg
BW/d 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
MeHg TRV2 (HC, 2010 - adult); mg/kg
BW/d NA NA 0.00047 0.00047 NA NA 0.00047 0.00047
MeHg TRV3 (HC, 2010 - female of
child bearing age/children <12 yrs);
mg/kg BW/d 0.0002 0.0002 NA NA 0.0002 0.0002 0.0002 0.0002

MeHg Risk1 (Hazard Quotient) 1.544407247 1.608757112 1.192102326 2.526373201 1.648759088 1.655118988 1.354306413 3.01499839

MeHg Risk2 (Hazard Quotient) NA NA 0.253638793 0.537526213 NA NA 0.288150301 0.641489019

MeHg Risk3 (Hazard Quotient) 0.772203623 0.804378556 NA NA 0.824379544 0.827559494 0.677153206 1.507499195

MeHg Relative Exposure Contributions - Highest Exposure and Risk Receptor for the Community (F Adult for ML)

Food Item Calculated Exposure Rate
(mg/kg BW/d)

Relative % Contribution to Total
MeHg Exposure (Individual Food
Item Exposure Rate / Total MeHg

Exposure Rate x 100)
Brook Trout 2.2850E-06 0.8
Lake Trout 2.0889E-05 6.9
Rock Cod/Burbot 5.9136E-06 2.0
Salmon (Atlantic+Ouananiche) 5.1776E-06 1.7
Rainbow Smelt 4.5680E-06 1.5
Ringed Seal Meat 1.3172E-05 4.4
Ringed Seal Liver 2.8019E-05 9.3
Black Duck Meat 4.0717E-06 1.4
Canada Goose Meat 8.1353E-07 0.3
Grouse Meat 2.3781E-08 0.0
Partridge Meat 1.2388E-07 0.0
Black Duck Organs 4.0458E-06 1.3
Canada Goose Organs 3.4559E-07 0.1
Grouse Organs 2.3422E-07 0.1
Partridge Organs 3.9493E-07 0.1
Wild Bird Eggs 1.1525E-04 38.2
Moose Meat 4.2833E-08 0.0
Porcupine Meat 1.3781E-07 0.0
Rabbit (hare) Meat 1.7255E-07 0.1
Rabbit (hare)  Organs 2.1689E-07 0.1
Arctic char 1.3797E-05 4.6
Capelin 4.5845E-06 1.5
Cod 3.7531E-05 12.4
Salmon 5.5923E-06 1.9
Canned tuna 1.6937E-05 5.6
Crab (meat) 4.6461E-06 1.5
Lobster (meat) 5.9611E-06 2.0
Mussels 1.8223E-06 0.6
Scallops 1.3434E-06 0.4
Shrimp 1.3554E-06 0.4
Beef (meat) steak or roast 2.2677E-07 0.1
Bird eggs (chicken) 3.9215E-07 0.1
Chicken 1.5828E-07 0.1
Turkey 2.5094E-07 0.1
Ground beef 8.5201E-08 0.0
Pork (chops, roast etc.) 2.4451E-07 0.1
Processed meats 1.2414E-07 0.0
Meat organs (e.g, beef, chicken) 5.5006E-07 0.2
Total MeHg Exposure from all
Assessed Food Items 3.01E-04
Total MeHg Exposure from all
Assessed Country Food Items 2.06E-04 68.3

Total MeHg Exposure from all
Assessed Market Basket Food Items 9.56E-05 31.7

0 5 10 15 20 25 30 35 40 45

Brook Trout
Lake Trout

Rock Cod/Burbot
Salmon (Atlantic+Ouananiche)

Rainbow Smelt
Ringed Seal Meat
Ringed Seal Liver
Black Duck Meat

Canada Goose Meat
Grouse Meat

Partridge Meat
Black Duck Organs

Canada Goose Organs
Grouse Organs

Partridge Organs
Wild Bird Eggs

Moose Meat
Porcupine Meat

Rabbit (hare) Meat
Rabbit (hare)  Organs

Arctic char
Capelin

Cod
Salmon

Canned tuna
Crab (meat)

Lobster (meat)
Mussels
Scallops
Shrimp

Beef (meat) steak or roast
Bird eggs (chicken)

Chicken
Turkey

Ground beef
Pork (chops, roast etc.)

Processed meats
Meat organs (e.g, beef, chicken)

Relative Percent (%) Contribution to Total MeHg Exposure
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m

Relative MeHg Exposure Contributions for the Female Adult Receptor; Mud Lake
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Blood and Hair MeHg Concentration Estimates for Assessed Receptors

Model Form (expressed as dose calculation):

Model form (expressed as blood concentration calculation):

Where:
d=daily dietary intake expressed as a dose; ug THg or MeHg/kg BW/d
c=blood THg or MeHg concentration; ug/L

V=blood volume in body (L); calculated as 0.09 (9%) x BW for pregnant females as per WHO (2004); for all other receptors, calculated as 0.075 (7.5%) x BW (http://www.hematology.org/Patients/Basics/)
A=gastrointestinal absorption factor; unitless; 0.95 as per WHO (2004), EFSA (2012a)

BW=body weight; kg

b 0.014
A 0.95
f 0.05

BW
body weights for each assessed

receptor type are tabulated below

V

as blood volume is a function of BW,
blood volumes per receptor type

are tabulated below

d

doses estimated for the community
exposure scenarios are tabulated

below

Female Male Female Male Female Male Female Male

Lifestage duration Richardson and Stantec, 2013; HC, 2010; Richardson, 1997
Body Weight (kg) 14.8 15.8 34.7 35.7 61 69.3 69.8 83.3 Richardson and Stantec, 2013

Estimated Blood Volume (V); L 1.1 1.2 2.6 2.7 4.6 5.2 5.2 6.2 WHO, 2004; http://www.hematology.org/Patients/Basics/
Pregnant F Body Weight (kg) 74.6 83.4

Pregnant F Blood Volume (V); L 6.7 7.5

MeHg Total Estimated Exposures (Calculated Doses); mg/kg BW/day

M_Toddler Exposure (mg/kg
BW/d) M_Child Exposure (mg/kg BW/d) M_Teen Exposure (mg/kg BW/d) M_Adult Exposure (mg/kg BW/d) F_Toddler Exposure (mg/kg BW/d) F_Child Exposure (mg/kg BW/d) F_Teen Exposure (mg/kg BW/d)

F_Adult Exposure (mg/kg
BW/d)

Pregnant F Teen (mg/kg
BW/d) Pregnant  F Adult (mg/kg BW/d)

Churchill Falls
9.09E-05 1.45E-04 7.63E-05 1.14E-04 9.71E-05 1.49E-04 8.67E-05 1.36E-04 7.09E-05 1.14E-04

Happy Valley-Goose Bay
1.28E-04 1.54E-04 1.15E-04 2.49E-04 1.37E-04 1.59E-04 1.31E-04 2.97E-04 1.07E-04 2.48E-04

Sheshatshiu
1.01E-04 1.43E-04 9.47E-05 2.09E-04 1.07E-04 1.47E-04 1.08E-04 2.49E-04 8.80E-05 2.08E-04

North West River
1.54E-04 1.61E-04 1.19E-04 2.53E-04 1.65E-04 1.66E-04 1.35E-04 3.01E-04 1.11E-04 2.52E-04

Mud Lake
1.54E-04 1.61E-04 1.19E-04 2.53E-04 1.65E-04 1.66E-04 1.35E-04 3.01E-04 1.11E-04 2.52E-04

Estimated Blood Concentrations (ug/L) Using One Compartment Toxicokinetic Model

M_Toddler M_Child M_Teen M_Adult F_Toddler F_Child F_Teen F_Adult Pregnant F Teen Pregnant  F Adult
Churchill Falls

4.1 6.6 3.5 5.2 4.4 6.7 3.9 6.2 2.7 4.3

One-Compartment Toxicokinetic Model for Methylmercury (MeHg) (U.S. EPA, 2001a;
WHO, 2004; EFSA, 2012a; NRC, 2000; Legrand et al., 2010) - To Relate Dietary Doses of
MeHg to Blood MeHg Concentrations

Average F teen and adult body weights from Richardson
and Stantec (2013) and assuming an average body weight
female gains the recommended or typical amount of
weight for a single child pregnancy (i.e., commonly
recommended (e.g.,
http://www.cdc.gov/reproductivehealth/maternalinfanthe
alth/pregnancy-weight-gain.htm) that roughly 30 lbs (13.6
kg) should be gained for a female of average body weight
and body mass index;25-35 lbs is the recommended range,
and 30 lbs was selected as a midpoint value).

Receptor Parameters
Toddler Child Teen Adult

Reference

1 to <4 years 4 to <12 years 12 to <20 years ≥20 years

b=elimination constant; 0.014 d-1 (from WHO, 2004; ln(2)/average half life in blood of 50 days); while most estimates of MeHg whole body halflife range from 70-80 days, ~2 months or 50 days is often cited as a typical halflife for
MeHg in blood and in the more highly perfused human tissues

f=fraction of daily dietary intake taken up by blood; unitless; 0.05 as per WHO (2004)

d =  c x b x V
A x f x BW

c =   d x A x f x BW
b x V
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Happy Valley-Goose Bay
5.8 7.0 5.2 11.2 6.2 7.2 5.9 13.4 4.0 9.4

Sheshatshiu
4.6 6.5 4.3 9.4 4.9 6.6 4.9 11.3 3.3 7.9

North West River
7.0 7.3 5.4 11.4 7.5 7.5 6.1 13.6 4.2 9.5

Mud Lake
7.0 7.3 5.4 11.4 7.5 7.5 6.1 13.6 4.2 9.5

Estimated Hair Concentrations (mg/kg ww); converted from blood concentration to hair concentration using Hair : Blood MeHg ratio of 250 ( WHO, 2004; EFSA, 2012a, Legrand et al., 2010; U.S. EPA, 2001)

[ug/L x 250 x 1 L/1 kg x 1 mg / 1000 ug]

M_Toddler M_Child M_Teen M_Adult F_Toddler F_Child F_Teen F_Adult Pregnant F Teen Pregnant  F Adult
Churchill Falls

1.0 1.6 0.9 1.3 1.1 1.7 1.0 1.5 0.7 1.1
Happy Valley-Goose Bay

1.4 1.7 1.3 2.8 1.5 1.8 1.5 3.4 1.0 2.3
Sheshatshiu

1.1 1.6 1.1 2.4 1.2 1.7 1.2 2.8 0.8 2.0
North West River

1.7 1.8 1.3 2.9 1.9 1.9 1.5 3.4 1.0 2.4
Mud Lake

1.7 1.8 1.3 2.9 1.9 1.9 1.5 3.4 1.0 2.4

Estimated Maternal Transfer to Fetus

Community
Predicted Blood Concentration

(ug/L); Pregnant F Teen
Predicted Blood Concentration

(ug/L); Pregnant F Adult
Maternal Blood to Fetal Cord Blood

Ratio (unitless)
Comments on Maternal Blood to Fetal

Cord Blood Ratio

Predicted Fetal Blood
Concentration (ug/L) Based on

Pregnant F Teen

Predicted Fetal Blood
Concentration (ug/L) Based on

Pregnant F Adult
Churchill Falls 2.7 4.3 4.5 7.3

Happy Valley-Goose Bay 4.0 9.4 6.9 15.9
Sheshatshiu 3.3 7.9 5.6 13.4

North West River 4.2 9.5 7.1 16.2
Mud Lake 4.2 9.5 7.1 16.2

1.7

Central tendency value based on
studies summarized in WHO (1990);

ATSDR (1999); WHO (2010); EFSA
(2012a,b); Sakamoto et al., (2002;

2012)

Shaded concentrations exceed Health Canada (Legrand et al., 2010) provisional blood guidance value of 8 ug/L.  Health Canada considers that <8 ug/L MeHg in maternal blood is protective of the developing fetus as well as infants and young and older children (up
to adolescence).
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MeHg Exposure and Risk Due to Breast Milk Ingestion by Infants (Assuming infants in study area communities are entirely breast-fed, rather than formula-fed)

Maternal Parameters

Community
Predicted Blood Concentration
(ug/L) From One Compartment

Toxicokinetic Model; F Teen

Predicted Blood Concentration
(ug/L) From One Compartment

Toxicokinetic Model; F Adult

Churchill Falls 3.9 6.2
Happy Valley-Goose Bay 5.9 13.4

Sheshatshiu 4.9 11.3
North West River 6.1 13.6

Mud Lake 6.1 13.6

Breast Milk to Maternal Blood
Transfer Factor

0.27

Assumed based on average value
reported by Oskarsson et al., (1996)

in a study of 30 lactating Swedish
women, and review of several other
studies reported in ATSDR (2013);

WHO (2000) and U.S. EPA MRC
(1997). 27% of THg or MeHg transfer

from maternal blood to human breast
milk is the highest reported transfer

factor identified for humans.

Estimated MeHg Concentration in Breast Milk; mg/L Toxicity Reference Values
Community F Teen F Adult MeHg TRV1 (U.S. EPA, 2001); mg/kg BW/d 0.0001

Churchill Falls 0.0011 0.0017
MeHg TRV3 (HC, 2010 - female of child bearing
age/children <12 yrs); mg/kg BW/d 0.0002

Happy Valley-Goose Bay 0.0016 0.0036
Sheshatshiu 0.0013 0.0030

North West River 0.0017 0.0037
Mud Lake 0.0017 0.0037

Infant Receptor Parameters
Parameter Units Value Reference Comments (if applicable)

Life stage duration none 0-11 months Richardson and Stantec, 2013 None

Infant body weight (BW) kg 4.05 Richardson and Stantec, 2013

BW changes (increases) quickly from early
infancy to the end of the infant period.
However, there is no current regulatory

guidance or scientific literature that addresses
how to reliably and accurately assess chemical
exposures over the full duration of the infancy
period where growth(body weight gain) occurs

rapidly but can also be highly variable. The
selected BW of 4.05 kg is 1/2 the infant body

weight of 8.1 kg  recommended by Richardson
and Stantec (2013) and which represents an

infant near the end of its first year.  This
assumption is believed to reasonably and

conservatively capture potential exposures to
younger and smaller breast-feeding infants.

Breast milk ingestion rate L/day 0.6475

Arithmetic mean of recommended
mean breast milk intakes for 4 sub-
stages of infant life stage duration;

U.S. EPA (2008; 2011)

None

Estimated Infant MeHg Exposures  and Risks from Breast Milk Ingestion

Community
Infant with F Teen Mother

Exposure (mg/kg BW/d)
Infant with F Adult Mother Exposure

(mg/kg BW/d)

MeHg Risk1
(Hazard Quotient)

F Teen Mother

MeHg Risk3
(Hazard Quotient)

F Teen Mother

MeHg Risk1
(Hazard Quotient)

F Adult Mother

MeHg Risk3
(Hazard Quotient)

F Adult Mother
Churchill Falls 0.0002 0.0003 1.7 0.8 2.7 1.3

Happy Valley-Goose Bay 0.0003 0.0006 2.6 1.3 5.8 2.9
Sheshatshiu 0.0002 0.0005 2.1 1.1 4.9 2.4

North West River 0.0003 0.0006 2.6 1.3 5.9 2.9
Mud Lake 0.0003 0.0006 2.6 1.3 5.9 2.9

NOTE:  Predicted blood concentrations for the non-pregnant F teen and adult were used as they are higher than those
for the pregnant teen and adult due to a higher BW and higher blood volume during pregancy, which dilutes  MeHg
blood concentrations to some degree.
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Churchill Falls Exposure/Consumption Scenario

Study Area Community
Study Area Locally Harvested Country
Food Items (From Baseline DS)

Consumed to Significant Extenta (y or
n); as Reported in Baseline DS
Outcomes

Store-bought (Market Basket)
Commercial Meat and Seafood
Products (From Baseline DS)

Consumed to Significant Extenta (y or
n); as Reported in Baseline DS
Outcomes

Churchill Falls (CF) Fish and Shellfish Seafood (fresh, frozen, canned)
Rock Cod/Burbot y Arctic char y
Lake Trout y Capelin y
Rainbow Smelt y Cod y
Atlantic Salmon/Ouananiche y Flounder/Turbot n
Brook Trout y Halibut n

Shellfish (e.g., clams, mussels, scallops,
crab, lobster, shrimp) n Trout n
Fish or shellfish organs n Salmon y
Seal meat and/or organs n Shark n
Wild Game Birds Swordfish n
Black Duck (meat/organs) n/n Tuna (other than canned) n
Canada Goose (meat/organs) y/n Canned clams n
Grouse (meat/organs) y/n Canned herring n
Partridge (meat/organs) y/y Canned salmon n
Wild Game Mammals Canned sardines n
Beaver (meat/organs) n/n Canned tuna y
Black Bear (meat/organs) n/n Crab (meat/organs) y/n
Moose (meat/organs) y/n Lobster (meat/organs) y/n
Porcupine (meat/organs) y/n Mussels y
Rabbit (meat/organs) y/y Scallops y

Shrimp y

Wild bird eggs n
Other seafood (canned, frozen or
fresh) n
Seafood organs other than crab or
lobster n

Meats (including eggs)
Beef (meat/organs) y/y

Hamburger (ground beef, pork,
chicken etc.) y
Lamb (meat/organs) n/n
Pork (meat/organs) y/n
Veal (meat/organs) n/n
Turkey (meat/organs) y/n
Chicken (meat/organs) y/y
Eggs (chicken) y

Processed meats (e.g., bacon,
bologna, hot dogs, sausages,
sandwich meats) y
Other n

Notes:

Female Male Female Male Female Male Female Male

Lifestage duration Richardson and Stantec, 2013; HC, 2010; Richardson, 1997
Body Weight (kg) 14.8 15.8 34.7 35.7 61 69.3 69.8 83.3 Richardson and Stantec, 2013

Brook Trout Golder, 2015 (Appendix C)
Lake Trout Golder, 2015 (Appendix C)
Rock Cod/Burbot (freshwater cod) Golder, 2015 (Appendix C)
Salmon (Atlantic+Ouananiche) Golder, 2015 (Appendix C)
Rainbow Smelt Golder, 2015 (Appendix C)

Meat Golder, 2015 (Appendix C)
Organs (liver) Golder, 2015 (Appendix C)

Black Duck Golder, 2015 (Appendix C)
Canada Goose Golder, 2015 (Appendix C)
Grouse Golder, 2015 (Appendix C)
Partridge Golder, 2015 (Appendix C)

Black Duck Golder, 2015 (Appendix C)
Canada Goose Golder, 2015 (Appendix C)
Grouse Golder, 2015 (Appendix C)
Partridge Golder, 2015 (Appendix C)
Wild Bird Eggs

NOTE: For country food items not consumed by CF DS participants,or  consumed by <10% of DS participants, the
average country food item serving sizes were zeroed for the purpose of exposure and risk calculations.

0.075 0.079 0.139 0.154

Wild Game Bird Species (meat)
0 0 0 0

0.075 0.082 0.152 0.161

Receptor Parameters
Toddler Child Teen Adult

Reference

1 to <4 years 4 to <12 years 12 to <20 years ≥20 years

Average Country Food Consumption Rates (serving sizes); kg ww/d); kg ww eaten per serving (per day)
Fish Species

0 0 0 0
Wild Game Bird Species (organs)

0.09 0.096 0.176 0.166

0.088
0.075

0.075
0.075

0.106 0.168 0.193

0.085 0.142 0.171
0.11

0

0.106
0.15 0.18

0 0 0 0
0 0 0 0

0 0
0 0 0 0

0.167 0.174

0.075 0.08 0.152 0.165

Ringed Seal
0

0.075 0.075 0.075 0.092

a.  ≥10% of DS participants reporting consumption of a given food item was conservatively considered to represent significant consumption such that the given food item was evaluated in the HHRA.
Food items reported to be consumed by <10% of DS participants were not evaluated in the HHRA unless there were other factors that merited the inclusion of a certain food item.  Foods consumed by
<10% of DS participants are not considered to contribute significantly to THg and MeHg exposure, on either an individual or community population basis. While foods considered to be of low
significance may occasionally be consumed by some study area community residents, the consumption patterns for these foods (when consumed) would be characterized by a rare or infrequent
consumption frequency such that the foods would be consumed at a very low overall rate. Consequently, ingestion of such food items is unlikely to contribute to THg or MeHg exposure to any
significant extent.

It was assumed that most country food items can be preserved/stored and consumed at any time of the year despite the seasonality of the harvesting for many of these food items, as was reported in
the DS responses (Golder, 2015).  For market basket foods, it was also assumed that the food products can be preserved/stored and consumed at any time of the year. There is less of a seasonal
influence on market basket foods, but there are some meat and seafood products that tend to be purchased or available for purchase on a seasonal basis.
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Species harvested include: herring
gull, Canada goose, merganser,
black duck; no detailed breakdown
available for how many eggs
typically eaten for a given species;
DS outcomes suggest harvesting is
somewhat opportunistic and
reflects individual harvester
preferences.

Assumed based on consideration of wild egg serving sizes
typically used in HC FNFNES Program, as well as review of
several culinary and U.S. Dept. of Agriculture websites.  The
latter noted that duck (merganser), goose and gull eggs are
roughly 1.5x, 3x and 2.5x the size and weight of chicken eggs,
respectively. As harvesters are assumed to eat a variety of
wild bird eggs, a mid-range serving size of 2.5x a typical
medium sized chicken egg (50 g) was assumed (i.e., 2.5 x 50 g
= 125 g).  This serving size is multipled by the average # of wild
eggs consumed per serving (as reported in the DS), which was
1 egg for adolescents and 2 eggs for adults.

Wild Game Mammals (meat)
Moose Golder, 2015 (Appendix C)
Porcupine Golder, 2015 (Appendix C)
Rabbit (hare) Golder, 2015 (Appendix C)
Wild Game Mammals (organs)
Rabbit (hare) Golder, 2015 (Appendix C)

Seafood (fresh, frozen, canned)
Arctic char
Capelin
Cod
Salmon
Canned tuna
Crab (meat)
Lobster (meat)
Mussels
Scallops
Shrimp
Meats (including eggs)
Beef (meat) steak or roast
Bird eggs (chicken)
Chicken
Turkey
Ground beef
Pork (chops, roast etc.)
Processed meats (e.g., bacon,
bologna, hot dogs, sausages,
sandwich meats)
Meat organs (e.g, beef, chicken)

Fish Species
Brook Trout Golder, 2015 (Appendix C)
Lake Trout Golder, 2015 (Appendix C)
Rock Cod/Burbot (freshwater cod) Golder, 2015 (Appendix C)
Salmon (Atlantic+Ouananiche) Golder, 2015 (Appendix C)
Rainbow Smelt Golder, 2015 (Appendix C)
Ringed Seal
Meat Golder, 2015 (Appendix C)
Organs (liver) Golder, 2015 (Appendix C)
Wild Game Bird Species (meat)
Black Duck Golder, 2015 (Appendix C)
Canada Goose Golder, 2015 (Appendix C)
Grouse Golder, 2015 (Appendix C)
Partridge Golder, 2015 (Appendix C)
Wild Game Bird Species (organs)
Black Duck Golder, 2015 (Appendix C)
Canada Goose Golder, 2015 (Appendix C)
Grouse Golder, 2015 (Appendix C)
Partridge Golder, 2015 (Appendix C)
Wild Bird Eggs
Gulls, ducks, merganser, Canada
goose Developed from Golder (2015) DS response sheets.
Wild Game Mammals (meat)
Moose Golder, 2015 (Appendix C)
Porcupine Golder, 2015 (Appendix C)
Rabbit (hare) Golder, 2015 (Appendix C)
Wild Game Mammals (organs)
Rabbit (hare) Golder, 2015 (Appendix C)

Inorganic Hg Exposure and Risk Calculations

Food Item M_Toddler Exposure (mg/kg BW/d) M_Child Exposure (mg/kg BW/d) M_Teen Exposure (mg/kg BW/d) M_Adult Exposure (mg/kg BW/d) F_Toddler Exposure (mg/kg BW/d) F_Child Exposure (mg/kg BW/d) F_Teen Exposure (mg/kg BW/d) F_Adult Exposure (mg/kg BW/d)
Fish Species
Brook Trout 0 0 0 0 0 0 0 0
Lake Trout 0 0 0 0 0 0 0 0
Rock Cod/Burbot (freshwater cod) 0 0 0 0 0 0 0 0
Salmon (Atlantic+Ouananiche) 0 0 0 0 0 0 0 0
Rainbow Smelt 0 0 0 0 0 0 0 0
Ringed Seal
Meat 0 0 0 0 0 0 0 0
Organs (liver) 0 0 0 0 0 0 0 0
Wild Game Bird Species (meat)
Black Duck 0 0 0 0 0 0 0 0
Canada Goose 0 0 0 0 0 0 0 0
Grouse 8.92475E-08 3.55076E-08 3.59215E-08 3.70076E-08 9.52777E-08 3.65309E-08 4.08092E-08 4.41652E-08
Partridge 5.04118E-07 1.846E-07 1.95639E-07 1.92779E-07 5.3818E-07 1.8992E-07 2.22258E-07 2.30064E-07
Wild Game Bird Species (organs)
Black Duck 0 0 0 0 0 0 0 0
Canada Goose 0 0 0 0 0 0 0 0
Grouse 0 0 0 0 0 0 0 0
Partridge 7.90175E-07 3.49714E-07 3.44998E-07 3.30929E-07 8.43566E-07 3.59792E-07 3.9194E-07 3.94934E-07
Wild Bird Eggs
Gulls, ducks, merganser, Canada
goose 0 0 0 0 0 0 0 0
Wild Game Mammals (meat)
Moose 9.29836E-09 6.39124E-09 4.26067E-09 3.98794E-09 9.92663E-09 6.57543E-09 4.8404E-09 4.75925E-09
Porcupine 0 1.43483E-08 1.15511E-08 1.28305E-08 0 1.47618E-08 1.31229E-08 1.5312E-08
Rabbit (hare) 4.67171E-08 2.09127E-08 2.05116E-08 1.6065E-08 4.98737E-08 2.15153E-08 2.33025E-08 1.91721E-08
Wild Game Mammals (organs)
Rabbit (hare) 0 7.419E-07 7.2708E-07 5.45212E-07 0 7.6328E-07 8.26011E-07 6.50661E-07

0.075 0.091 0.133 0.158
0 0.08 0.188 0.156

000 0

0.088 0.088 0.148 0.152

0 0.075 0.082 0.089
Average Market Basket (Grocery Store or otherwise outside of Study Area) Food Consumption Rates (with consumption frequency accounted for); kg ww/d); annual basis

Average Country Food Consumption Frequency (unitless; # of times (days) reported consumed per each season (in DS) divided by 365 days per year); annual basis

8.4E-03 6.0E-03 6.7E-03 9.2E-03
2.7E-03 5.5E-03 6.1E-03 1.1E-02
2.7E-03 5.5E-03 5.5E-03 8.5E-03
9.2E-03 6.6E-03 7.0E-03 9.9E-03
2.7E-03 7.8E-03 3.2E-03 9.2E-03

9.6E-03
0 1.4E-03 1.4E-03 9.1E-03

7.3E-03 6.2E-035.5E-03 5.5E-03

7.6E-03 8.7E-03
9.1E-03 7.1E-03 8.3E-03 8.9E-03

1.1E-02 5.5E-03 6.4E-03 7.2E-03

0 5.5E-03 9.5E-03 7.9E-03

5.5E-03 5.5E-03 7.3E-03 9.8E-03
5.5E-03 5.5E-03 1.0E-02 9.9E-03

8.2E-03 1.1E-02 9.3E-03 8.8E-03
0 5.5E-03 3.6E-03 5.9E-03

7.2E-03 7.3E-03 8.2E-03 7.5E-03

0.0107
0.016

0.0321

0.0053

7.4E-02

0.0013
0

0.0214
0.016

0.0329
0.0027
0.0132
0.0053

0.0053 0.0107

0.0499
0.0427
0.016

0.0107
0.0107

9.6E-03 1.4E-03 1.2E-02

Developed from Golder (2015) DS response sheets based on
DS participant-reported central tendency consumption
frequencies and serving sizes.

Developed from Golder (2015) DS response sheets based on
DS participant-reported central tendency consumption
frequencies and serving sizes.

0 0 2.5E-02

1.3E-02 5.5E-03 7.0E-03 7.5E-03
8.1E-03 5.5E-03 6.5E-03 6.5E-03
8.7E-03 7.3E-03

0.0053
0.0053
0.0078

0.0157
0.0013

0.0013

0.0427

0.00780.0027
0.004
0.004

0.0013
0.0013

0
0
0

0.016
0

0.0139
0.016

0.0053
0.0008
0.0053
0.0046

0.016
0.0107
0.0053

0.0053

0.0078
0.0093
0.016

0.0427
0.0321

0.037
0.0214

0.0157
0.016

0.0235
0.0093
0.0235
0.0118

0.0278
0

0.0321
0.0267
0.0427
0.0107
0.0427
0.016

0.037
0.0039

0.0066
0.0046
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Seafood (fresh, frozen, canned)
Arctic char 0 0 0 0 0 0 0 0
Capelin 0 0 0 0 0 0 0 0
Cod 0 0 0 0 0 0 0 0
Salmon 0 0 0 0 0 0 0 0
Canned tuna 0 0 0 0 0 0 0 0
Crab (meat) 0 3.42791E-07 1.01539E-06 9.73282E-07 0 3.5267E-07 1.15355E-06 1.16152E-06
Lobster (meat) 0 2.91374E-06 1.50102E-06 1.24875E-06 0 2.99771E-06 1.70525E-06 1.49027E-06
Mussels 0 7.73109E-07 4.58874E-07 3.81753E-07 0 7.95389E-07 5.21311E-07 4.55587E-07
Scallops 1.80263E-07 7.97803E-08 2.46594E-07 2.81423E-07 1.92443E-07 8.20795E-08 2.80147E-07 3.35853E-07
Shrimp 0 3.28157E-07 3.41291E-07 2.83931E-07 0 3.37614E-07 3.87729E-07 3.38846E-07
Meats (including eggs)
Beef (meat) steak or roast 7.69005E-07 2.49692E-07 2.62993E-07 2.91042E-07 8.20965E-07 2.56887E-07 2.98777E-07 3.47332E-07
Bird eggs (chicken) 5.23118E-07 2.3152E-07 1.99028E-07 3.09451E-07 5.58463E-07 2.38192E-07 2.26109E-07 3.69302E-07
Chicken 1.00054E-06 3.16298E-07 2.96068E-07 2.46308E-07 1.06815E-06 3.25413E-07 3.36352E-07 2.93947E-07
Turkey 3.47425E-07 5.29625E-07 3.13909E-07 3.90507E-07 3.70899E-07 5.44888E-07 3.56622E-07 4.66035E-07
Ground beef 1.78216E-07 1.4042E-07 1.31439E-07 1.09348E-07 1.90258E-07 1.44467E-07 1.49323E-07 1.30497E-07
Pork (chops, roast etc.) 2.26983E-07 2.2366E-07 1.56229E-07 2.60756E-07 2.4232E-07 2.30106E-07 1.77486E-07 3.11189E-07
Processed meats (e.g., bacon,
bologna, hot dogs, sausages,
sandwich meats) 3.7369E-07 2.9285E-07 2.00788E-07 1.67042E-07 3.98939E-07 3.0129E-07 2.28108E-07 1.99349E-07
Meat organs (e.g, beef, chicken) 1.47617E-07 0 1.00968E-07 4.60914E-07 1.57591E-07 0 1.14706E-07 5.50059E-07
TOTAL Inorganic Hg
Exposure 5.18641E-06 7.77502E-06 6.56455E-06 6.54331E-06 5.53685E-06 7.99908E-06 7.45776E-06 7.80885E-06
Inorg Hg TRV (U.S. EPA, 1995; HC,
2010); mg/kg BW/d 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003
Inorganic Hg Risk (Hazard
Quotient) 0.017288049 0.025916721 0.021881831 0.021811045 0.01845616 0.0266636 0.024859195 0.026029514

Inorganic Hg Relative Exposure Contributions - Highest Exposure and Risk Receptor for the Community (F Child for CF)

Food Item
Calculated Exposure Rate

(mg/kg BW/d)

Relative % Contribution to Total
Inorganic Hg Exposure (Individual
Food Item Exposure Rate / Total

Inorganic Hg Exposure Rate x 100)

Brook Trout 0.00E+00 0.0
Lake Trout 0.00E+00 0.0
Rock Cod/Burbot 0.00E+00 0.0
Salmon (Atlantic+Ouananiche) 0.00E+00 0.0
Rainbow Smelt 0.00E+00 0.0
Ringed Seal Meat 0.00E+00 0.0
Ringed Seal Liver 0.00E+00 0.0
Black Duck Meat 0.00E+00 0.0
Canada Goose Meat 0.00E+00 0.0
Grouse Meat 3.65E-08 0.5
Partridge Meat 1.90E-07 2.4
Black Duck Organs 0.00E+00 0.0
Canada Goose Organs 0.00E+00 0.0
Grouse Organs 0.00E+00 0.0
Partridge Organs 3.60E-07 4.5
Wild Bird Eggs 0.00E+00 0.0
Moose Meat 6.58E-09 0.1
Porcupine Meat 1.48E-08 0.2
Rabbit (hare) Meat 2.15E-08 0.3
Rabbit (hare)  Organs 7.63E-07 9.5
Arctic char 0.00E+00 0.0
Capelin 0.00E+00 0.0
Cod 0.00E+00 0.0
Salmon 0.00E+00 0.0
Canned tuna 0.00E+00 0.0
Crab (meat) 3.53E-07 4.4
Lobster (meat) 3.00E-06 37.5
Mussels 7.95E-07 9.9
Scallops 8.21E-08 1.0
Shrimp 3.38E-07 4.2
Beef (meat) steak or roast 2.57E-07 3.2
Bird eggs (chicken) 2.38E-07 3.0
Chicken 3.25E-07 4.1
Turkey 5.45E-07 6.8
Ground beef 1.44E-07 1.8
Pork (chops, roast etc.) 2.30E-07 2.9
Processed meats 3.01E-07 3.8
Meat organs (e.g, beef, chicken) 0.00E+00 0.0
Total Inorganic Hg Exposure from all
Assessed Food Items

8.00E-06

Total Inorganic Hg Exposure from all
Assessed Country Food Items 1.39E-06 17.4

Total Inorganic Hg Exposure from all
Assessed Market Basket Food Items 6.61E-06 82.6

0 5 10 15 20 25 30 35 40

Brook Trout
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Salmon (Atlantic+Ouananiche)
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Ringed Seal Meat
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Black Duck Meat

Canada Goose Meat
Grouse Meat

Partridge Meat
Black Duck Organs

Canada Goose Organs
Grouse Organs

Partridge Organs
Wild Bird Eggs

Moose Meat
Porcupine Meat

Rabbit (hare) Meat
Rabbit (hare)  Organs

Arctic char
Capelin

Cod
Salmon

Canned tuna
Crab (meat)

Lobster (meat)
Mussels
Scallops
Shrimp

Beef (meat) steak or roast
Bird eggs (chicken)

Chicken
Turkey

Ground beef
Pork (chops, roast etc.)

Processed meats
Meat organs (e.g, beef, chicken)

Relative Percent (%) Contribution to Total Inorganic Hg Exposure
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Relative Inorganic Hg Exposure Contributions for the Female Child Receptor; Churchill Falls
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Happy Valley-Goose Bay Exposure/Consumption Scenario

Study Area Community
Study Area Locally Harvested Country Food
Items (From Baseline DS)

Consumed to Significant Extenta (y or
n); as Reported in Baseline DS
Outcomes

Store-bought (Market Basket)
Commercial Meat and Seafood
Products (From Baseline DS)

Consumed to Significant Extenta (y or n);
as Reported in Baseline DS Outcomes

Happy Valley-Goose Bay (HVGB) Fish and Shellfish Seafood (fresh, frozen, canned)
Rock Cod/Burbot y Arctic char y
Lake Trout y Capelin y
Rainbow Smelt y Cod y
Atlantic Salmon/Ouananiche y Flounder/Turbot n
Brook Trout y Halibut n

Shellfish (e.g., clams, mussels, scallops,
crab, lobster, shrimp) n Trout n
Fish or shellfish organs n Salmon y
Seal meat and/or organs y Shark n
Wild Game Birds Swordfish n
Black Duck (meat/organs) y/n Tuna (other than canned) n
Canada Goose (meat/organs) y/n Canned clams n
Grouse (meat/organs) y/n Canned herring n
Partridge (meat/organs) y/y Canned salmon n
Wild Game Mammals Canned sardines n
Beaver (meat/organs) n/n Canned tuna y
Black Bear (meat/organs) n/n Crab (meat/organs) y/n
Moose (meat/organs) y/n Lobster (meat/organs) y/n
Porcupine (meat/organs) y/n Mussels y
Rabbit (meat/organs) y/n Scallops y

Shrimp y

Wild bird eggs n Other seafood (canned, frozen or fresh) n
Seafood organs other than crab or
lobster n

Meats (including eggs)
Beef (meat/organs) y/y
Hamburger (ground beef, pork, chicken
etc.) y
Lamb (meat/organs) n/n
Pork (meat/organs) y/n
Veal (meat/organs) n/n
Turkey (meat/organs) y/n
Chicken (meat/organs) y/y
Eggs (chicken) y

Processed meats (e.g., bacon, bologna,
hot dogs, sausages, sandwich meats) y
Other n

Notes:

Female Male Female Male Female Male Female Male

Lifestage duration Richardson and Stantec, 2013; HC, 2010; Richardson, 1997
Body Weight (kg) 14.8 15.8 34.7 35.7 61 69.3 69.8 83.3 Richardson and Stantec, 2013

Brook Trout Golder, 2015 (Appendix C)
Lake Trout Golder, 2015 (Appendix C)
Rock Cod/Burbot (freshwater cod) Golder, 2015 (Appendix C)
Salmon (Atlantic+Ouananiche) Golder, 2015 (Appendix C)
Rainbow Smelt Golder, 2015 (Appendix C)

Meat Golder, 2015 (Appendix C)
Organs (liver) Golder, 2015 (Appendix C)

Black Duck Golder, 2015 (Appendix C)
Canada Goose Golder, 2015 (Appendix C)
Grouse Golder, 2015 (Appendix C)
Partridge Golder, 2015 (Appendix C)

Black Duck Golder, 2015 (Appendix C)
Canada Goose Golder, 2015 (Appendix C)
Grouse Golder, 2015 (Appendix C)
Partridge Golder, 2015 (Appendix C)
Wild Bird Eggs

Species harvested include: herring
gull, Canada goose, merganser, black
duck; no detailed breakdown
available for how many eggs typically
eaten for a given species; DS
outcomes suggest harvesting is
somewhat opportunistic and reflects
individual harvester preferences.

Assumed based on consideration of wild egg serving sizes
typically used in HC FNFNES Program, as well as review of
several culinary and U.S. Dept. of Agriculture websites.  The
latter noted that duck (merganser), goose and gull eggs are
roughly 1.5x, 3x and 2.5x the size and weight of chicken eggs,
respectively. As harvesters are assumed to eat a variety of wild
bird eggs, a mid-range serving size of 2.5x a typical medium
sized chicken egg (50 g) was assumed (i.e., 2.5 x 50 g = 125 g).
This serving size is multipled by the average # of wild eggs
consumed per serving (as reported in the DS), which was 1 egg
for adolescents and 2 eggs for adults.

Wild Game Mammals (meat)

NOTE: For country food items not consumed by HVGB DS participants,or  consumed by <10% of DS participants, the
average country food item serving sizes were zeroed for the purpose of exposure and risk calculations.

0 0 0.125 0.25

0.079 0.139 0.154
Wild Game Bird Species (organs)

0.075 0.075 0.075 0.092

0.106 0.168 0.193
Ringed Seal

0 0.075 0.125 0.157

Reference

1 to <4 years 4 to <12 years 12 to <20 years ≥20 years

Fish Species

0.075

0.075 0.11 0.15 0.18
0.088 0.106 0.167 0.174

0.09

0 0 0 0
0 0 0 0

0 0 0 0

0.075

0.075 0.082 0.152 0.161
0.075 0.08 0.152 0.165

0.075 0.083 0.128 0.169
Wild Game Bird Species (meat)

0.075 0.15 0.149 0.188

While wild bird eggs were reported to be consumed by <10% of DS participants
(including those in HVGB), wild bird egg consumption was assessed in the HHRA for
this community as it has a significant Inuit and Innu population (wild bird egg
consumption is more prominent among Inuit and Innu than it is among non-
Aboriginals). Furthermore, wild bird egg consumption has been raised as a health
concern in the study area by members of Inuit organizations, and wild bird eggs
are known to have a tendency to accumulate elevated levels of MeHg.

a.  ≥10% of DS participants reporting consumption of a given food item was conservatively considered to represent significant consumption such that the given food item was evaluated in the HHRA.  Food
items reported to be consumed by <10% of DS participants were not evaluated in the HHRA unless there were other factors that merited the inclusion of a certain food item.  Foods consumed by <10% of DS
participants are not considered to contribute significantly to THg and MeHg exposure, on either an individual or community population basis. While foods considered to be of low significance may
occasionally be consumed by some study area community residents, the consumption patterns for these foods (when consumed) would be characterized by a rare or infrequent consumption frequency such
that the foods would be consumed at a very low overall rate. Consequently, ingestion of such food items is unlikely to contribute to THg or MeHg exposure to any significant extent.

It was assumed that most country food items can be preserved/stored and consumed at any time of the year despite the seasonality of the harvesting for many of these food items, as was reported in the DS
responses (Golder, 2015).  For market basket foods, it was also assumed that the food products can be preserved/stored and consumed at any time of the year. There is less of a seasonal influence on market
basket foods, but there are some meat and seafood products that tend to be purchased or available for purchase on a seasonal basis.

Receptor Parameters

0.096 0.176 0.166
0.075 0.085 0.142 0.171

Average Country Food Consumption Rates (serving sizes); kg ww/d); kg ww eaten per serving (per day)

Toddler Child Teen Adult
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Moose Golder, 2015 (Appendix C)
Porcupine Golder, 2015 (Appendix C)
Rabbit (hare) Golder, 2015 (Appendix C)
Wild Game Mammals (organs)
Rabbit (hare) Golder, 2015 (Appendix C)

Seafood (fresh, frozen, canned)
Arctic char
Capelin
Cod
Salmon
Canned tuna
Crab (meat)
Lobster (meat)
Mussels
Scallops
Shrimp
Meats (including eggs)
Beef (meat) steak or roast
Bird eggs (chicken)
Chicken
Turkey
Ground beef
Pork (chops, roast etc.)
Processed meats (e.g., bacon,
bologna, hot dogs, sausages,
sandwich meats)
Meat organs (e.g, beef, chicken)

Fish Species
Brook Trout Golder, 2015 (Appendix C)
Lake Trout Golder, 2015 (Appendix C)
Rock Cod/Burbot (freshwater cod) Golder, 2015 (Appendix C)
Salmon (Atlantic+Ouananiche) Golder, 2015 (Appendix C)
Rainbow Smelt Golder, 2015 (Appendix C)
Ringed Seal
Meat Golder, 2015 (Appendix C)
Organs (liver) Golder, 2015 (Appendix C)
Wild Game Bird Species (meat)
Black Duck Golder, 2015 (Appendix C)
Canada Goose Golder, 2015 (Appendix C)
Grouse Golder, 2015 (Appendix C)
Partridge Golder, 2015 (Appendix C)
Wild Game Bird Species (organs)
Black Duck Golder, 2015 (Appendix C)
Canada Goose Golder, 2015 (Appendix C)
Grouse Golder, 2015 (Appendix C)
Partridge Golder, 2015 (Appendix C)
Wild Bird Eggs
Gulls, ducks, merganser, Canada
goose Developed from Golder (2015) DS response sheets.
Wild Game Mammals (meat)
Moose Golder, 2015 (Appendix C)
Porcupine Golder, 2015 (Appendix C)
Rabbit (hare) Golder, 2015 (Appendix C)
Wild Game Mammals (organs)
Rabbit (hare) Golder, 2015 (Appendix C)

Inorganic Hg Exposure and Risk Calculations

Food Item M_Toddler Exposure (mg/kg BW/d) M_Child Exposure (mg/kg BW/d) M_Teen Exposure (mg/kg BW/d) M_Adult Exposure (mg/kg BW/d) F_Toddler Exposure (mg/kg BW/d) F_Child Exposure (mg/kg BW/d) F_Teen Exposure (mg/kg BW/d) F_Adult Exposure (mg/kg BW/d)
Fish Species
Brook Trout 0 0 0 0 0 0 0 0
Lake Trout 0 0 0 0 0 0 0 0
Rock Cod/Burbot (freshwater cod) 0 0 0 0 0 0 0 0
Salmon (Atlantic+Ouananiche) 0 0 0 0 0 0 0 0
Rainbow Smelt 0 0 0 0 0 0 0 0
Ringed Seal
Meat 0 0 0 0 0 0 0 0
Organs (liver) 0 5.91185E-06 5.07583E-06 3.52171E-05 0 6.08222E-06 5.76648E-06 4.20284E-05
Wild Game Bird Species (meat)
Black Duck 0 0 0 0 0 0 0 0
Canada Goose 0 0 0 0 0 0 0 0
Grouse 8.92475E-08 3.55076E-08 3.59215E-08 3.70076E-08 9.52777E-08 3.65309E-08 4.08092E-08 4.41652E-08
Partridge 5.04118E-07 1.846E-07 1.95639E-07 1.92779E-07 5.3818E-07 1.8992E-07 2.22258E-07 2.30064E-07
Wild Game Bird Species (organs)
Black Duck 0 0 0 0 0 0 0 0
Canada Goose 0 0 0 0 0 0 0 0
Grouse 0 0 0 0 0 0 0 0
Partridge 7.90175E-07 3.49714E-07 3.44998E-07 3.30929E-07 8.43566E-07 3.59792E-07 3.9194E-07 3.94934E-07
Wild Bird Eggs
Gulls, ducks, merganser, Canada
goose 0 0 0 0 0 0 0 0
Wild Game Mammals (meat)
Moose 9.29836E-09 6.39124E-09 4.26067E-09 3.98794E-09 9.92663E-09 6.57543E-09 4.8404E-09 4.75925E-09
Porcupine 0 1.43483E-08 1.15511E-08 1.28305E-08 0 1.47618E-08 1.31229E-08 1.5312E-08
Rabbit (hare) 4.67171E-08 2.09127E-08 2.05116E-08 1.6065E-08 4.98737E-08 2.15153E-08 2.33025E-08 1.91721E-08
Wild Game Mammals (organs)
Rabbit (hare) 0 0 0 0 0 0 0 0
Seafood (fresh, frozen, canned)
Arctic char 0 0 0 0 0 0 0 0
Capelin 0 0 0 0 0 0 0 0
Cod 0 0 0 0 0 0 0 0
Salmon 0 0 0 0 0 0 0 0
Canned tuna 0 0 0 0 0 0 0 0
Crab (meat) 0 3.42791E-07 1.01539E-06 9.73282E-07 0 3.5267E-07 1.15355E-06 1.16152E-06
Lobster (meat) 0 2.91374E-06 1.50102E-06 1.24875E-06 0 2.99771E-06 1.70525E-06 1.49027E-06
Mussels 0 7.73109E-07 4.58874E-07 3.81753E-07 0 7.95389E-07 5.21311E-07 4.55587E-07
Scallops 1.80263E-07 7.97803E-08 2.46594E-07 2.81423E-07 1.92443E-07 8.20795E-08 2.80147E-07 3.35853E-07
Shrimp 0 3.28157E-07 3.41291E-07 2.83931E-07 0 3.37614E-07 3.87729E-07 3.38846E-07
Meats (including eggs)

0 5.5E-03 9.5E-03 7.9E-03

0 0 2.5E-02 7.4E-02

7.2E-03 7.3E-03 8.2E-03 7.5E-03
0 5.5E-03 3.6E-03 5.9E-03

8.2E-03 1.1E-02 9.3E-03 8.8E-03

8.3E-03 8.9E-03

5.5E-03

8.7E-03 7.3E-03 7.6E-03 8.7E-03
9.1E-03 7.1E-03

1.3E-02 5.5E-03 7.0E-03 7.5E-03
8.1E-03 5.5E-03 6.5E-03 6.5E-03

Developed from Golder (2015) DS response sheets based on DS
participant-reported central tendency consumption frequencies
and serving sizes.0.0013 0 0.0039 0.0214

Average Market Basket (Grocery Store or otherwise outside of Study Area) Food Consumption Rates (with consumption frequency accounted for); kg ww/d); annual basis

Developed from Golder (2015) DS response sheets based on DS
participant-reported central tendency consumption frequencies
and serving sizes.0 0.0053 0.0107 0.0107

0.0027 0.0093 0.0107 0.016
0.0132 0.0235 0.0427 0.0427

0.016 0.016 0.0267

0.088 0.088 0.148 0.152

0.075 0.091 0.133 0.158
0 0.08 0.188 0.156

1.1E-02 5.5E-03 6.4E-03 7.2E-03
5.5E-03 5.5E-03 7.3E-03 6.2E-03

5.5E-03 1.0E-02 9.9E-03
5.5E-03 5.5E-03 7.3E-03 9.8E-03

0 1.4E-03 1.4E-03 9.1E-03

2.7E-03 5.5E-03 6.1E-03 1.1E-02
2.7E-03 5.5E-03 5.5E-03 8.5E-03

9.6E-03 1.4E-03 1.2E-02 9.6E-03

9.2E-03 6.6E-03 7.0E-03 9.9E-03
2.7E-03 7.8E-03 3.2E-03 9.2E-03

8.4E-03 6.0E-03 6.7E-03 9.2E-03

Average Country Food Consumption Frequency (unitless; # of times (days) reported consumed per each season (in DS) divided by 365 days per year); annual basis

0.0053 0.0118 0.016 0.0321

0.0157 0.0278 0.037 0.037

0.0499
0.0329 0.0235 0.0427 0.0427

0.0214 0.0157 0.0321 0.0427

0 0.0046 0.0053 0.0053
0.0013 0.0013 0.0078 0.0107

0 0.0008 0.0046 0.0053
0 0.0053 0.0053 0.0053

0.0013 0.016 0.016 0.016
0.0013 0.0053 0.0066 0.0107

0 0.0078 0.016
0.004 0.0139 0.0093 0.0321

0.0027 0.016 0.0078 0.0107
0.004

0 0 0 0
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Beef (meat) steak or roast 7.69005E-07 2.49692E-07 2.62993E-07 2.91042E-07 8.20965E-07 2.56887E-07 2.98777E-07 3.47332E-07
Bird eggs (chicken) 5.23118E-07 2.3152E-07 1.99028E-07 3.09451E-07 5.58463E-07 2.38192E-07 2.26109E-07 3.69302E-07
Chicken 1.00054E-06 3.16298E-07 2.96068E-07 2.46308E-07 1.06815E-06 3.25413E-07 3.36352E-07 2.93947E-07
Turkey 3.47425E-07 5.29625E-07 3.13909E-07 3.90507E-07 3.70899E-07 5.44888E-07 3.56622E-07 4.66035E-07
Ground beef 1.78216E-07 1.4042E-07 1.31439E-07 1.09348E-07 1.90258E-07 1.44467E-07 1.49323E-07 1.30497E-07
Pork (chops, roast etc.) 2.26983E-07 2.2366E-07 1.56229E-07 2.60756E-07 2.4232E-07 2.30106E-07 1.77486E-07 3.11189E-07
Processed meats (e.g., bacon,
bologna, hot dogs, sausages,
sandwich meats) 3.7369E-07 2.9285E-07 2.00788E-07 1.67042E-07 3.98939E-07 3.0129E-07 2.28108E-07 1.99349E-07
Meat organs (e.g, beef, chicken) 1.47617E-07 0 1.00968E-07 4.60914E-07 1.57591E-07 0 1.14706E-07 5.50059E-07

TOTAL Inorganic Hg Exposure 5.18641E-06 1.2945E-05 1.09133E-05 4.12152E-05 5.53685E-06 1.3318E-05 1.23982E-05 4.91866E-05
Inorg Hg TRV (U.S. EPA, 1995; HC,
2010); mg/kg BW/d 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003
Inorganic Hg Risk (Hazard
Quotient) 0.017288049 0.043149891 0.03637767 0.137383891 0.01845616 0.044393404 0.041327418 0.163955274

Inorganic Hg Relative Exposure Contributions - Highest Exposure and Risk Receptor for the Community (F Adult for HVGB)

Food Item
Calculated Exposure Rate

(mg/kg BW/d)

Relative % Contribution to Total
Inorganic Hg Exposure (Individual
Food Item Exposure Rate / Total

Inorganic Hg Exposure Rate x 100)

Brook Trout 0.00E+00 0.0
Lake Trout 0.00E+00 0.0
Rock Cod/Burbot 0.00E+00 0.0
Salmon (Atlantic+Ouananiche) 0.00E+00 0.0
Rainbow Smelt 0.00E+00 0.0
Ringed Seal Meat 0.00E+00 0.0
Ringed Seal Liver 4.20E-05 98.3
Black Duck Meat 0.00E+00 0.0
Canada Goose Meat 0.00E+00 0.0
Grouse Meat 4.42E-08 0.1
Partridge Meat 2.30E-07 0.5
Black Duck Organs 0.00E+00 0.0
Canada Goose Organs 0.00E+00 0.0
Grouse Organs 0.00E+00 0.0
Partridge Organs 3.95E-07 0.9
Wild Bird Eggs 0.00E+00 0.0
Moose Meat 4.76E-09 0.0
Porcupine Meat 1.53E-08 0.0
Rabbit (hare) Meat 1.92E-08 0.0
Rabbit (hare)  Organs 0.00E+00 0.0
Arctic char 0.00E+00 0.0
Capelin 0.00E+00 0.0
Cod 0.00E+00 0.0
Salmon 0.00E+00 0.0
Canned tuna 0.00E+00 0.0
Crab (meat) 1.16E-06 2.7
Lobster (meat) 1.49E-06 3.5
Mussels 4.56E-07 1.1
Scallops 3.36E-07 0.8
Shrimp 3.39E-07 0.8
Beef (meat) steak or roast 3.47E-07 0.8
Bird eggs (chicken) 3.69E-07 0.9
Chicken 2.94E-07 0.7
Turkey 4.66E-07 1.1
Ground beef 1.30E-07 0.3
Pork (chops, roast etc.) 3.11E-07 0.7
Processed meats 1.99E-07 0.5
Meat organs (e.g, beef, chicken) 5.50E-07 1.3
Total Inorganic Hg Exposure from all
Assessed Food Items

4.92E-05

Total Inorganic Hg Exposure from all
Assessed Country Food Items 4.27368E-05 86.9

Total Inorganic Hg Exposure from all
Assessed Market Basket Food Items 6.45E-06 13.1
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Relative Inorganic Hg Exposure Contributions for the Female Adult Receptor; Happy Valley-Goose Bay
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Sheshatshiu Exposure/Consumption Scenario

Study Area Community
Study Area Locally Harvested Country Food
Items (From Baseline DS)

Consumed to Significant Extenta (y or
n); as Reported in Baseline DS
Outcomes

Store-bought (Market Basket)
Commercial Meat and Seafood
Products (From Baseline DS)

Consumed to Significant Extenta (y or n);
as Reported in Baseline DS Outcomes

Sheshatshiu (SH) Fish and Shellfish Seafood (fresh, frozen, canned)
Rock Cod/Burbot n Arctic char y
Lake Trout y Capelin y
Rainbow Smelt y Cod y
Atlantic Salmon/Ouananiche y Flounder/Turbot n
Brook Trout y Halibut n

Shellfish (e.g., clams, mussels, scallops,
crab, lobster, shrimp) n Trout n
Fish or shellfish organs n Salmon y
Seal meat and/or organs n Shark n
Wild Game Birds Swordfish n
Black Duck (meat/organs) y/n Tuna (other than canned) n
Canada Goose (meat/organs) y/n Canned clams n
Grouse (meat/organs) y/n Canned herring n
Partridge (meat/organs) y/n Canned salmon n
Wild Game Mammals Canned sardines n
Beaver (meat/organs) n/n Canned tuna y
Black Bear (meat/organs) n/n Crab (meat/organs) y/n
Moose (meat/organs) n/n Lobster (meat/organs) y/n
Porcupine (meat/organs) y/n Mussels y
Rabbit (meat/organs) y/n Scallops y

Shrimp y

Wild bird eggs n Other seafood (canned, frozen or fresh) n
Seafood organs other than crab or
lobster n

Meats (including eggs)
Beef (meat/organs) y/y
Hamburger (ground beef, pork, chicken
etc.) y
Lamb (meat/organs) n/n
Pork (meat/organs) y/n
Veal (meat/organs) n/n
Turkey (meat/organs) y/n
Chicken (meat/organs) y/y
Eggs (chicken) y

Processed meats (e.g., bacon, bologna,
hot dogs, sausages, sandwich meats) y
Other n

Notes:

Female Male Female Male Female Male Female Male

Lifestage duration Richardson and Stantec, 2013; HC, 2010; Richardson, 1997
Body Weight (kg) 14.8 15.8 34.7 35.7 61 69.3 69.8 83.3 Richardson and Stantec, 2013

Brook Trout Golder, 2015 (Appendix C)
Lake Trout Golder, 2015 (Appendix C)
Rock Cod/Burbot (freshwater cod) Golder, 2015 (Appendix C)
Salmon (Atlantic+Ouananiche) Golder, 2015 (Appendix C)
Rainbow Smelt Golder, 2015 (Appendix C)

Meat Golder, 2015 (Appendix C)
Organs (liver) Golder, 2015 (Appendix C)

Black Duck Golder, 2015 (Appendix C)
Canada Goose Golder, 2015 (Appendix C)
Grouse Golder, 2015 (Appendix C)
Partridge Golder, 2015 (Appendix C)

Black Duck Golder, 2015 (Appendix C)
Canada Goose Golder, 2015 (Appendix C)
Grouse Golder, 2015 (Appendix C)
Partridge Golder, 2015 (Appendix C)
Wild Bird Eggs

Species harvested include: herring
gull, Canada goose, merganser, black
duck; no detailed breakdown
available for how many eggs typically
eaten for a given species; DS
outcomes suggest harvesting is
somewhat opportunistic and reflects
individual harvester preferences.

Assumed based on consideration of wild egg serving sizes
typically used in HC FNFNES Program, as well as review of
several culinary and U.S. Dept. of Agriculture websites.  The
latter noted that duck (merganser), goose and gull eggs are
roughly 1.5x, 3x and 2.5x the size and weight of chicken eggs,
respectively. As harvesters are assumed to eat a variety of wild
bird eggs, a mid-range serving size of 2.5x a typical medium
sized chicken egg (50 g) was assumed (i.e., 2.5 x 50 g = 125 g).
This serving size is multipled by the average # of wild eggs
consumed per serving (as reported in the DS), which was 1 egg
for adolescents and 2 eggs for adults.

Wild Game Mammals (meat)
Moose Golder, 2015 (Appendix C)

NOTE: For country food items not consumed by SH DS participants, or  consumed by <10% of DS participants, the
average country food item serving sizes were zeroed for the purpose of exposure and risk calculations.

0 0 0.125 0.25

0 0 0 0

0 0 0 0
0 0 0 0

Wild Game Bird Species (organs)
0 0 0 0
0 0 0 0

0.075 0.08 0.152 0.165
0.075 0.079 0.139 0.154

Wild Game Bird Species (meat)
0.075 0.083 0.128 0.169
0.075 0.082 0.152 0.161

Ringed Seal
0 0 0 0
0 0 0 0

0.088 0.106 0.167 0.174
0.075 0.106 0.168 0.193

0.075 0.085 0.142 0.171
0 0 0 0

0.09 0.096 0.176 0.166

Adult
Reference

1 to <4 years 4 to <12 years 12 to <20 years ≥20 years

While wild bird eggs were reported to be consumed by <10% of DS participants
(including those in SH), wild bird egg consumption was assessed in the HHRA for
this community as it has a predominantly Innu population (wild bird egg
consumption is more prominent among Innu and Inuit than it is among non-
Aboriginals). Furthermore, wild bird egg consumption has been raised as a health
concern in the study area by some members of Innu Nation, and wild bird eggs are
known to have a tendency to accumulate elevated levels of MeHg.

a.  ≥10% of DS participants reporting consumption of a given food item was conservatively considered to represent significant consumption such that the given food item was evaluated in the HHRA.  Food
items reported to be consumed by <10% of DS participants were not evaluated in the HHRA unless there were other factors that merited the inclusion of a certain food item.  Foods consumed by <10% of DS
participants are not considered to contribute significantly to THg and MeHg exposure, on either an individual or community population basis. While foods considered to be of low significance may
occasionally be consumed by some study area community residents, the consumption patterns for these foods (when consumed) would be characterized by a rare or infrequent consumption frequency such
that the foods would be consumed at a very low overall rate. Consequently, ingestion of such food items is unlikely to contribute to THg or MeHg exposure to any significant extent.

It was assumed that most country food items can be preserved/stored and consumed at any time of the year despite the seasonality of the harvesting for many of these food items, as was reported in the DS
responses (Golder, 2015).  For market basket foods, it was also assumed that the food products can be preserved/stored and consumed at any time of the year. There is less of a seasonal influence on market
basket foods, but there are some meat and seafood products that tend to be purchased or available for purchase on a seasonal basis.

Receptor Parameters
Toddler Child Teen

Average Country Food Consumption Rates (serving sizes); kg ww/d); kg ww eaten per serving (per day)
Fish Species
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Porcupine Golder, 2015 (Appendix C)
Rabbit (hare) Golder, 2015 (Appendix C)
Wild Game Mammals (organs)
Rabbit (hare) Golder, 2015 (Appendix C)

Seafood (fresh, frozen, canned)
Arctic char
Capelin
Cod
Salmon
Canned tuna
Crab (meat)
Lobster (meat)
Mussels
Scallops
Shrimp
Meats (including eggs)
Beef (meat) steak or roast
Bird eggs (chicken)
Chicken
Turkey
Ground beef
Pork (chops, roast etc.)
Processed meats (e.g., bacon,
bologna, hot dogs, sausages,
sandwich meats)
Meat organs (e.g, beef, chicken)

Fish Species
Brook Trout Golder, 2015 (Appendix C)
Lake Trout Golder, 2015 (Appendix C)
Rock Cod/Burbot (freshwater cod) Golder, 2015 (Appendix C)
Salmon (Atlantic+Ouananiche) Golder, 2015 (Appendix C)
Rainbow Smelt Golder, 2015 (Appendix C)
Ringed Seal
Meat Golder, 2015 (Appendix C)
Organs (liver) Golder, 2015 (Appendix C)
Wild Game Bird Species (meat)
Black Duck Golder, 2015 (Appendix C)
Canada Goose Golder, 2015 (Appendix C)
Grouse Golder, 2015 (Appendix C)
Partridge Golder, 2015 (Appendix C)
Wild Game Bird Species (organs)
Black Duck Golder, 2015 (Appendix C)
Canada Goose Golder, 2015 (Appendix C)
Grouse Golder, 2015 (Appendix C)
Partridge Golder, 2015 (Appendix C)
Wild Bird Eggs
Gulls, ducks, merganser, Canada
goose Developed from Golder (2015) DS response sheets.
Wild Game Mammals (meat)
Moose Golder, 2015 (Appendix C)
Porcupine Golder, 2015 (Appendix C)
Rabbit (hare) Golder, 2015 (Appendix C)
Wild Game Mammals (organs)
Rabbit (hare) Golder, 2015 (Appendix C)

Inorganic Hg Exposure and Risk Calculations

Food Item M_Toddler Exposure (mg/kg BW/d) M_Child Exposure (mg/kg BW/d) M_Teen Exposure (mg/kg BW/d) M_Adult Exposure (mg/kg BW/d) F_Toddler Exposure (mg/kg BW/d) F_Child Exposure (mg/kg BW/d) F_Teen Exposure (mg/kg BW/d) F_Adult Exposure (mg/kg BW/d)
Fish Species
Brook Trout 0 0 0 0 0 0 0 0
Lake Trout 0 0 0 0 0 0 0 0
Rock Cod/Burbot (freshwater cod) 0 0 0 0 0 0 0 0
Salmon (Atlantic+Ouananiche) 0 0 0 0 0 0 0 0
Rainbow Smelt 0 0 0 0 0 0 0 0
Ringed Seal
Meat 0 0 0 0 0 0 0 0
Organs (liver) 0 0 0 0 0 0 0 0
Wild Game Bird Species (meat)
Black Duck 0 0 0 0 0 0 0 0
Canada Goose 0 0 0 0 0 0 0 0
Grouse 8.92475E-08 3.55076E-08 3.59215E-08 3.70076E-08 9.52777E-08 3.65309E-08 4.08092E-08 4.41652E-08
Partridge 5.04118E-07 1.846E-07 1.95639E-07 1.92779E-07 5.3818E-07 1.8992E-07 2.22258E-07 2.30064E-07
Wild Game Bird Species (organs)
Black Duck 0 0 0 0 0 0 0 0
Canada Goose 0 0 0 0 0 0 0 0
Grouse 0 0 0 0 0 0 0 0
Partridge 0 0 0 0 0 0 0 0
Wild Bird Eggs
Gulls, ducks, merganser, Canada
goose 0 0 0 0 0 0 0 0
Wild Game Mammals (meat)
Moose 0 0 0 0 0 0 0 0
Porcupine 0 1.43483E-08 1.15511E-08 1.28305E-08 0 1.47618E-08 1.31229E-08 1.5312E-08
Rabbit (hare) 4.67171E-08 2.09127E-08 2.05116E-08 1.6065E-08 4.98737E-08 2.15153E-08 2.33025E-08 1.91721E-08
Wild Game Mammals (organs)
Rabbit (hare) 0 0 0 0 0 0 0 0
Seafood (fresh, frozen, canned)
Arctic char 0 0 0 0 0 0 0 0
Capelin 0 0 0 0 0 0 0 0
Cod 0 0 0 0 0 0 0 0
Salmon 0 0 0 0 0 0 0 0
Canned tuna 0 0 0 0 0 0 0 0
Crab (meat) 0 3.42791E-07 1.01539E-06 9.73282E-07 0 3.5267E-07 1.15355E-06 1.16152E-06
Lobster (meat) 0 2.91374E-06 1.50102E-06 1.24875E-06 0 2.99771E-06 1.70525E-06 1.49027E-06
Mussels 0 7.73109E-07 4.58874E-07 3.81753E-07 0 7.95389E-07 5.21311E-07 4.55587E-07
Scallops 1.80263E-07 7.97803E-08 2.46594E-07 2.81423E-07 1.92443E-07 8.20795E-08 2.80147E-07 3.35853E-07
Shrimp 0 3.28157E-07 3.41291E-07 2.83931E-07 0 3.37614E-07 3.87729E-07 3.38846E-07
Meats (including eggs)
Beef (meat) steak or roast 7.69005E-07 2.49692E-07 2.62993E-07 2.91042E-07 8.20965E-07 2.56887E-07 2.98777E-07 3.47332E-07

7.2E-03 7.3E-03 8.2E-03 7.5E-03

0 5.5E-03 9.5E-03 7.9E-03

8.2E-03 1.1E-02 9.3E-03 8.8E-03
0 5.5E-03 3.6E-03 5.9E-03

5.5E-03 5.5E-03 1.0E-02 9.9E-03

0 0 2.5E-02 7.4E-02

5.5E-03 5.5E-03 7.3E-03 6.2E-03
5.5E-03 5.5E-03 7.3E-03 9.8E-03

9.1E-03 7.1E-03 8.3E-03 8.9E-03

1.1E-02 5.5E-03 6.4E-03 7.2E-03

8.1E-03 5.5E-03 6.5E-03 6.5E-03
8.7E-03 7.3E-03 7.6E-03 8.7E-03

0 1.4E-03 1.4E-03 9.1E-03

1.3E-02 5.5E-03 7.0E-03 7.5E-03

2.7E-03 7.8E-03 3.2E-03 9.2E-03

9.6E-03 1.4E-03 1.2E-02 9.6E-03

2.7E-03 5.5E-03 5.5E-03 8.5E-03
9.2E-03 6.6E-03 7.0E-03 9.9E-03

Average Country Food Consumption Frequency (unitless; # of times (days) reported consumed per each season (in DS) divided by 365 days per year); annual basis

8.4E-03 6.0E-03 6.7E-03 9.2E-03
2.7E-03 5.5E-03 6.1E-03 1.1E-02

0.0157 0.0321 0.0427

0.0157 0.0278 0.037 0.037
0.0013 0 0.0039 0.0214

0.0132 0.0235 0.0427 0.0427
0.0053 0.0118 0.016 0.0321

Developed from Golder (2015) DS response sheets based on DS
participant-reported central tendency consumption frequencies
and serving sizes.

0.016 0.016 0.0267 0.0499

0.0013 0.0013 0.0078 0.0107
0 0.0053 0.0107 0.0107

Developed from Golder (2015) DS response sheets based on DS
participant-reported central tendency consumption frequencies
and serving sizes.

0.0329 0.0235 0.0427 0.0427
0.0027 0.0093 0.0107 0.016

0.0214

0 0.0053 0.0053 0.0053
0 0.0046 0.0053 0.0053

0.0013 0.0053 0.0066 0.0107
0 0.0008 0.0046 0.0053

0.0139 0.0093 0.0321
0.0013 0.016 0.016 0.016

0.0027 0.016 0.0078 0.0107
0.004 0 0.0078 0.016
0.004

0 0 0 0
Average Market Basket (Grocery Store or otherwise outside of Study Area) Food Consumption Rates (with consumption frequency accounted for); kg ww/d); annual basis

0 0.08 0.188 0.156
0.088 0.088 0.148 0.152
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Bird eggs (chicken) 5.23118E-07 2.3152E-07 1.99028E-07 3.09451E-07 5.58463E-07 2.38192E-07 2.26109E-07 3.69302E-07
Chicken 1.00054E-06 3.16298E-07 2.96068E-07 2.46308E-07 1.06815E-06 3.25413E-07 3.36352E-07 2.93947E-07
Turkey 3.47425E-07 5.29625E-07 3.13909E-07 3.90507E-07 3.70899E-07 5.44888E-07 3.56622E-07 4.66035E-07
Ground beef 1.78216E-07 1.4042E-07 1.31439E-07 1.09348E-07 1.90258E-07 1.44467E-07 1.49323E-07 1.30497E-07
Pork (chops, roast etc.) 2.26983E-07 2.2366E-07 1.56229E-07 2.60756E-07 2.4232E-07 2.30106E-07 1.77486E-07 3.11189E-07
Processed meats (e.g., bacon,
bologna, hot dogs, sausages,
sandwich meats) 3.7369E-07 2.9285E-07 2.00788E-07 1.67042E-07 3.98939E-07 3.0129E-07 2.28108E-07 1.99349E-07
Meat organs (e.g, beef, chicken) 1.47617E-07 0 1.00968E-07 4.60914E-07 1.57591E-07 0 1.14706E-07 5.50059E-07

TOTAL Inorganic Hg Exposure 4.38694E-06 6.67701E-06 5.48821E-06 5.66319E-06 4.68336E-06 6.86943E-06 6.23497E-06 6.7585E-06
Inorg Hg TRV (U.S. EPA, 1995; HC,
2010); mg/kg BW/d 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003
Inorganic Hg Risk (Hazard
Quotient) 0.014623136 0.022256705 0.018294036 0.018877283 0.015611186 0.022898109 0.020783225 0.022528334

Inorganic Hg Relative Exposure Contributions - Highest Exposure and Risk Receptor for the Community (F Child for Shesh)

Food Item
Calculated Exposure Rate

(mg/kg BW/d)

Relative % Contribution to Total
Inorganic Hg Exposure (Individual
Food Item Exposure Rate / Total

Inorganic Hg Exposure Rate x 100)

Brook Trout 0.00E+00 0.0
Lake Trout 0.00E+00 0.0
Rock Cod/Burbot 0.00E+00 0.0
Salmon (Atlantic+Ouananiche) 0.00E+00 0.0
Rainbow Smelt 0.00E+00 0.0
Ringed Seal Meat 0.00E+00 0.0
Ringed Seal Liver 0.00E+00 0.0
Black Duck Meat 0.00E+00 0.0
Canada Goose Meat 0.00E+00 0.0
Grouse Meat 3.65E-08 0.5
Partridge Meat 1.90E-07 2.8
Black Duck Organs 0.00E+00 0.0
Canada Goose Organs 0.00E+00 0.0
Grouse Organs 0.00E+00 0.0
Partridge Organs 0.00E+00 0.0
Wild Bird Eggs 0.00E+00 0.0
Moose Meat 0.00E+00 0.0
Porcupine Meat 1.48E-08 0.2
Rabbit (hare) Meat 2.15E-08 0.3
Rabbit (hare)  Organs 0.00E+00 0.0
Arctic char 0.00E+00 0.0
Capelin 0.00E+00 0.0
Cod 0.00E+00 0.0
Salmon 0.00E+00 0.0
Canned tuna 0.00E+00 0.0
Crab (meat) 3.53E-07 5.1
Lobster (meat) 3.00E-06 43.6
Mussels 7.95E-07 11.6
Scallops 8.21E-08 1.2
Shrimp 3.38E-07 4.9
Beef (meat) steak or roast 2.57E-07 3.7
Bird eggs (chicken) 2.38E-07 3.5
Chicken 3.25E-07 4.7
Turkey 5.45E-07 7.9
Ground beef 1.44E-07 2.1
Pork (chops, roast etc.) 2.30E-07 3.3
Processed meats 3.01E-07 4.4
Meat organs (e.g, beef, chicken) 0.00E+00 0.0
Total Inorganic Hg Exposure from all
Assessed Food Items

6.87E-06

Total Inorganic Hg Exposure from all
Assessed Country Food Items 2.63E-07 3.8

Total Inorganic Hg Exposure from all
Assessed Market Basket Food Items 6.61E-06 96.2
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North West River Exposure/Consumption Scenario

Study Area Community
Study Area Locally Harvested Country Food
Items (From Baseline DS)

Consumed to Significant Extenta (y or
n); as Reported in Baseline DS
Outcomes

Store-bought (Market Basket)
Commercial Meat and Seafood
Products (From Baseline DS)

Consumed to Significant Extenta (y or n);
as Reported in Baseline DS Outcomes

North West River (NWR) Fish and Shellfish Seafood (fresh, frozen, canned)
Rock Cod/Burbot y Arctic char y
Lake Trout y Capelin y
Rainbow Smelt y Cod y
Atlantic Salmon/Ouananiche y Flounder/Turbot n
Brook Trout y Halibut n

Shellfish (e.g., clams, mussels, scallops,
crab, lobster, shrimp) n Trout n
Fish or shellfish organs n Salmon y
Seal meat and/or organs y Shark n
Wild Game Birds Swordfish n
Black Duck (meat/organs) y/y Tuna (other than canned) n
Canada Goose (meat/organs) y/y Canned clams n
Grouse (meat/organs) y/y Canned herring n
Partridge (meat/organs) y/y Canned salmon n
Wild Game Mammals Canned sardines n
Beaver (meat/organs) n/n Canned tuna y
Black Bear (meat/organs) n/n Crab (meat/organs) y/n
Moose (meat/organs) y/n Lobster (meat/organs) y/n
Porcupine (meat/organs) y/n Mussels y
Rabbit (meat/organs) y/y Scallops y

Shrimp y

Wild bird eggs n Other seafood (canned, frozen or fresh) n
Seafood organs other than crab or
lobster n

Meats (including eggs)
Beef (meat/organs) y/y
Hamburger (ground beef, pork, chicken
etc.) y
Lamb (meat/organs) n/n
Pork (meat/organs) y/n
Veal (meat/organs) n/n
Turkey (meat/organs) y/n
Chicken (meat/organs) y/y
Eggs (chicken) y

Processed meats (e.g., bacon, bologna,
hot dogs, sausages, sandwich meats) y
Other n

Notes:

Female Male Female Male Female Male Female Male

Lifestage duration Richardson and Stantec, 2013; HC, 2010; Richardson, 1997
Body Weight (kg) 14.8 15.8 34.7 35.7 61 69.3 69.8 83.3 Richardson and Stantec, 2013

Brook Trout Golder, 2015 (Appendix C)
Lake Trout Golder, 2015 (Appendix C)
Rock Cod/Burbot (freshwater cod) Golder, 2015 (Appendix C)
Salmon (Atlantic+Ouananiche) Golder, 2015 (Appendix C)
Rainbow Smelt Golder, 2015 (Appendix C)

Meat Golder, 2015 (Appendix C)
Organs (liver) Golder, 2015 (Appendix C)

Black Duck Golder, 2015 (Appendix C)
Canada Goose Golder, 2015 (Appendix C)
Grouse Golder, 2015 (Appendix C)
Partridge Golder, 2015 (Appendix C)

Black Duck Golder, 2015 (Appendix C)
Canada Goose Golder, 2015 (Appendix C)
Grouse Golder, 2015 (Appendix C)
Partridge Golder, 2015 (Appendix C)
Wild Bird Eggs

While wild bird eggs were reported to be consumed by <10% of DS participants
(including those in NWR), wild bird egg consumption was assessed in the HHRA for
this community as it has a significant Inuit population (wild bird egg consumption
is more prominent among Inuit and Innu than it is among non-Aboriginals).
Furthermore, wild bird egg consumption has been raised as a health concern in
the study area by members of Inuit organizations, and wild bird eggs are known to
have a tendency to accumulate elevated levels of MeHg.

a.  ≥10% of DS participants reporting consumption of a given food item was conservatively considered to represent significant consumption such that the given food item was evaluated in the HHRA.  Food
items reported to be consumed by <10% of DS participants were not evaluated in the HHRA unless there were other factors that merited the inclusion of a certain food item.  Foods consumed by <10% of DS
participants are not considered to contribute significantly to THg and MeHg exposure, on either an individual or community population basis. While foods considered to be of low significance may
occasionally be consumed by some study area community residents, the consumption patterns for these foods (when consumed) would be characterized by a rare or infrequent consumption frequency such
that the foods would be consumed at a very low overall rate. Consequently, ingestion of such food items is unlikely to contribute to THg or MeHg exposure to any significant extent.

It was assumed that most country food items can be preserved/stored and consumed at any time of the year despite the seasonality of the harvesting for many of these food items, as was reported in the DS
responses (Golder, 2015).  For market basket foods, it was also assumed that the food products can be preserved/stored and consumed at any time of the year. There is less of a seasonal influence on market
basket foods, but there are some meat and seafood products that tend to be purchased or available for purchase on a seasonal basis.

NOTE: For country food items not consumed by NWR DS participants,or  consumed by <10% of DS participants, the
average country food item serving sizes were zeroed for the purpose of exposure and risk calculations.

0.075 0.075 0.075 0.084
0.075 0.075 0.075 0.092

Wild Game Bird Species (organs)
0.075 0.075 0.075 0.083
0.075 0.075 0.075 0.086

0.075 0.08 0.152 0.165
0.075 0.079 0.139 0.154

Wild Game Bird Species (meat)
0.075 0.083 0.128 0.169
0.075 0.082 0.152 0.161

Ringed Seal
0.075 0.15 0.149 0.188

0 0.075 0.125 0.157

0.088 0.106 0.167 0.174
0.075 0.106 0.168 0.193

0.075 0.085 0.142 0.171
0.075 0.11 0.15 0.18

Receptor Parameters
Toddler Child Teen

Average Country Food Consumption Rates (serving sizes); kg ww/d); kg ww eaten per serving (per day)
Fish Species

0.09 0.096 0.176 0.166

Adult
Reference

1 to <4 years 4 to <12 years 12 to <20 years ≥20 years
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Species harvested include: herring
gull, Canada goose, merganser, black
duck; no detailed breakdown
available for how many eggs typically
eaten for a given species; DS
outcomes suggest harvesting is
somewhat opportunistic and reflects
individual harvester preferences.

Assumed based on consideration of wild egg serving sizes
typically used in HC FNFNES Program, as well as review of
several culinary and U.S. Dept. of Agriculture websites.  The
latter noted that duck (merganser), goose and gull eggs are
roughly 1.5x, 3x and 2.5x the size and weight of chicken eggs,
respectively. As harvesters are assumed to eat a variety of wild
bird eggs, a mid-range serving size of 2.5x a typical medium
sized chicken egg (50 g) was assumed (i.e., 2.5 x 50 g = 125 g).
This serving size is multipled by the average # of wild eggs
consumed per serving (as reported in the DS), which was 1 egg
for adolescents and 2 eggs for adults.

Wild Game Mammals (meat)
Moose Golder, 2015 (Appendix C)
Porcupine Golder, 2015 (Appendix C)
Rabbit (hare) Golder, 2015 (Appendix C)
Wild Game Mammals (organs)
Rabbit (hare) Golder, 2015 (Appendix C)

Seafood (fresh, frozen, canned)
Arctic char
Capelin
Cod
Salmon
Canned tuna
Crab (meat)
Lobster (meat)
Mussels
Scallops
Shrimp
Meats (including eggs)
Beef (meat) steak or roast
Bird eggs (chicken)
Chicken
Turkey
Ground beef
Pork (chops, roast etc.)
Processed meats (e.g., bacon,
bologna, hot dogs, sausages,
sandwich meats)
Meat organs (e.g, beef, chicken)

Fish Species
Brook Trout Golder, 2015 (Appendix C)
Lake Trout Golder, 2015 (Appendix C)
Rock Cod/Burbot (freshwater cod) Golder, 2015 (Appendix C)
Salmon (Atlantic+Ouananiche) Golder, 2015 (Appendix C)
Rainbow Smelt Golder, 2015 (Appendix C)
Ringed Seal
Meat Golder, 2015 (Appendix C)
Organs (liver) Golder, 2015 (Appendix C)
Wild Game Bird Species (meat)
Black Duck Golder, 2015 (Appendix C)
Canada Goose Golder, 2015 (Appendix C)
Grouse Golder, 2015 (Appendix C)
Partridge Golder, 2015 (Appendix C)
Wild Game Bird Species (organs)
Black Duck Golder, 2015 (Appendix C)
Canada Goose Golder, 2015 (Appendix C)
Grouse Golder, 2015 (Appendix C)
Partridge Golder, 2015 (Appendix C)
Wild Bird Eggs
Gulls, ducks, merganser, Canada
goose Developed from Golder (2015) DS response sheets.
Wild Game Mammals (meat)
Moose Golder, 2015 (Appendix C)
Porcupine Golder, 2015 (Appendix C)
Rabbit (hare) Golder, 2015 (Appendix C)
Wild Game Mammals (organs)
Rabbit (hare) Golder, 2015 (Appendix C)

Inorganic Hg Exposure and Risk Calculations

Food Item M_Toddler Exposure (mg/kg BW/d) M_Child Exposure (mg/kg BW/d) M_Teen Exposure (mg/kg BW/d) M_Adult Exposure (mg/kg BW/d) F_Toddler Exposure (mg/kg BW/d) F_Child Exposure (mg/kg BW/d) F_Teen Exposure (mg/kg BW/d) F_Adult Exposure (mg/kg BW/d)
Fish Species
Brook Trout 0 0 0 0 0 0 0 0
Lake Trout 0 0 0 0 0 0 0 0
Rock Cod/Burbot (freshwater cod) 0 0 0 0 0 0 0 0
Salmon (Atlantic+Ouananiche) 0 0 0 0 0 0 0 0
Rainbow Smelt 0 0 0 0 0 0 0 0
Ringed Seal
Meat 0 0 0 0 0 0 0 0
Organs (liver) 0 5.91185E-06 5.07583E-06 3.52171E-05 0 6.08222E-06 5.76648E-06 4.20284E-05
Wild Game Bird Species (meat)
Black Duck 0 0 0 0 0 0 0 0
Canada Goose 0 0 0 0 0 0 0 0
Grouse 8.92475E-08 3.55076E-08 3.59215E-08 3.70076E-08 9.52777E-08 3.65309E-08 4.08092E-08 4.41652E-08
Partridge 5.04118E-07 1.846E-07 1.95639E-07 1.92779E-07 5.3818E-07 1.8992E-07 2.22258E-07 2.30064E-07
Wild Game Bird Species (organs)
Black Duck 2.45634E-05 5.43559E-06 3.26218E-06 3.3901E-06 2.62231E-05 5.59224E-06 3.70605E-06 4.04578E-06
Canada Goose 1.16792E-06 5.16897E-07 3.55484E-07 2.8958E-07 1.24684E-06 5.31793E-07 4.03853E-07 3.45588E-07
Grouse 5.16121E-07 2.28423E-07 1.57093E-07 1.96261E-07 5.50994E-07 2.35006E-07 1.78468E-07 2.3422E-07
Partridge 7.90175E-07 3.49714E-07 3.44998E-07 3.30929E-07 8.43566E-07 3.59792E-07 3.9194E-07 3.94934E-07
Wild Bird Eggs
Gulls, ducks, merganser, Canada
goose 0 0 0 0 0 0 0 0
Wild Game Mammals (meat)
Moose 9.29836E-09 6.39124E-09 4.26067E-09 3.98794E-09 9.92663E-09 6.57543E-09 4.8404E-09 4.75925E-09
Porcupine 0 1.43483E-08 1.15511E-08 1.28305E-08 0 1.47618E-08 1.31229E-08 1.5312E-08

7.2E-03 7.3E-03 8.2E-03 7.5E-03

0 5.5E-03 9.5E-03 7.9E-03

8.2E-03 1.1E-02 9.3E-03 8.8E-03
0 5.5E-03 3.6E-03 5.9E-03

5.5E-03 5.5E-03 1.0E-02 9.9E-03

0 0 2.5E-02 7.4E-02

5.5E-03 5.5E-03 7.3E-03 6.2E-03
5.5E-03 5.5E-03 7.3E-03 9.8E-03

9.1E-03 7.1E-03 8.3E-03 8.9E-03

1.1E-02 5.5E-03 6.4E-03 7.2E-03

8.1E-03 5.5E-03 6.5E-03 6.5E-03
8.7E-03 7.3E-03 7.6E-03 8.7E-03

0 1.4E-03 1.4E-03 9.1E-03

1.3E-02 5.5E-03 7.0E-03 7.5E-03

2.7E-03 7.8E-03 3.2E-03 9.2E-03

9.6E-03 1.4E-03 1.2E-02 9.6E-03

2.7E-03 5.5E-03 5.5E-03 8.5E-03
9.2E-03 6.6E-03 7.0E-03 9.9E-03

Average Country Food Consumption Frequency (unitless; # of times (days) reported consumed per each season (in DS) divided by 365 days per year); annual basis

8.4E-03 6.0E-03 6.7E-03 9.2E-03
2.7E-03 5.5E-03 6.1E-03 1.1E-02

0.0157 0.0321 0.0427

0.0157 0.0278 0.037 0.037
0.0013 0 0.0039 0.0214

0.0132 0.0235 0.0427 0.0427
0.0053 0.0118 0.016 0.0321

Developed from Golder (2015) DS response sheets based on DS
participant-reported central tendency consumption frequencies
and serving sizes.

0.016 0.016 0.0267 0.0499

0.0013 0.0013 0.0078 0.0107
0 0.0053 0.0107 0.0107

Developed from Golder (2015) DS response sheets based on DS
participant-reported central tendency consumption frequencies
and serving sizes.

0.0329 0.0235 0.0427 0.0427
0.0027 0.0093 0.0107 0.016

0.0214

0 0.0053 0.0053 0.0053
0 0.0046 0.0053 0.0053

0.0013 0.0053 0.0066 0.0107
0 0.0008 0.0046 0.0053

0.0139 0.0093 0.0321
0.0013 0.016 0.016 0.016

0.0027 0.016 0.0078 0.0107
0.004 0 0.0078 0.016
0.004

0 0.075 0.082 0.089
Average Market Basket (Grocery Store or otherwise outside of Study Area) Food Consumption Rates (with consumption frequency accounted for); kg ww/d); annual basis

0 0.08 0.188 0.156
0.088 0.088 0.148 0.152

0 0 0.125 0.25

0.075 0.091 0.133 0.158
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Rabbit (hare) 4.67171E-08 2.09127E-08 2.05116E-08 1.6065E-08 4.98737E-08 2.15153E-08 2.33025E-08 1.91721E-08
Wild Game Mammals (organs)
Rabbit (hare) 0 7.419E-07 7.2708E-07 5.45212E-07 0 7.6328E-07 8.26011E-07 6.50661E-07
Seafood (fresh, frozen, canned)
Arctic char 0 0 0 0 0 0 0 0
Capelin 0 0 0 0 0 0 0 0
Cod 0 0 0 0 0 0 0 0
Salmon 0 0 0 0 0 0 0 0
Canned tuna 0 0 0 0 0 0 0 0
Crab (meat) 0 3.42791E-07 1.01539E-06 9.73282E-07 0 3.5267E-07 1.15355E-06 1.16152E-06
Lobster (meat) 0 2.91374E-06 1.50102E-06 1.24875E-06 0 2.99771E-06 1.70525E-06 1.49027E-06
Mussels 0 7.73109E-07 4.58874E-07 3.81753E-07 0 7.95389E-07 5.21311E-07 4.55587E-07
Scallops 1.80263E-07 7.97803E-08 2.46594E-07 2.81423E-07 1.92443E-07 8.20795E-08 2.80147E-07 3.35853E-07
Shrimp 0 3.28157E-07 3.41291E-07 2.83931E-07 0 3.37614E-07 3.87729E-07 3.38846E-07
Meats (including eggs)
Beef (meat) steak or roast 7.69005E-07 2.49692E-07 2.62993E-07 2.91042E-07 8.20965E-07 2.56887E-07 2.98777E-07 3.47332E-07
Bird eggs (chicken) 5.23118E-07 2.3152E-07 1.99028E-07 3.09451E-07 5.58463E-07 2.38192E-07 2.26109E-07 3.69302E-07
Chicken 1.00054E-06 3.16298E-07 2.96068E-07 2.46308E-07 1.06815E-06 3.25413E-07 3.36352E-07 2.93947E-07
Turkey 3.47425E-07 5.29625E-07 3.13909E-07 3.90507E-07 3.70899E-07 5.44888E-07 3.56622E-07 4.66035E-07
Ground beef 1.78216E-07 1.4042E-07 1.31439E-07 1.09348E-07 1.90258E-07 1.44467E-07 1.49323E-07 1.30497E-07
Pork (chops, roast etc.) 2.26983E-07 2.2366E-07 1.56229E-07 2.60756E-07 2.4232E-07 2.30106E-07 1.77486E-07 3.11189E-07
Processed meats (e.g., bacon,
bologna, hot dogs, sausages,
sandwich meats) 3.7369E-07 2.9285E-07 2.00788E-07 1.67042E-07 3.98939E-07 3.0129E-07 2.28108E-07 1.99349E-07
Meat organs (e.g, beef, chicken) 1.47617E-07 0 1.00968E-07 4.60914E-07 1.57591E-07 0 1.14706E-07 5.50059E-07

TOTAL Inorganic Hg Exposure 3.14338E-05 1.98678E-05 1.54151E-05 4.56363E-05 3.35577E-05 2.04403E-05 1.75126E-05 5.44628E-05
Inorg Hg TRV (U.S. EPA, 1995; HC,
2010); mg/kg BW/d 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003
Inorganic Hg Risk (Hazard
Quotient) 0.104779449 0.066225933 0.05138379 0.152121074 0.111859142 0.068134461 0.058375355 0.181542772

Inorganic Hg Relative Exposure Contributions - Highest Exposure and Risk Receptor for the Community (F Adult for NWR)

Food Item
Calculated Exposure Rate

(mg/kg BW/d)

Relative % Contribution to Total
Inorganic Hg Exposure (Individual
Food Item Exposure Rate / Total

Inorganic Hg Exposure Rate x 100)

Brook Trout 0.00E+00 0.0
Lake Trout 0.00E+00 0.0
Rock Cod/Burbot 0.00E+00 0.0
Salmon (Atlantic+Ouananiche) 0.00E+00 0.0
Rainbow Smelt 0.00E+00 0.0
Ringed Seal Meat 0.00E+00 0.0
Ringed Seal Liver 4.20E-05 77.2
Black Duck Meat 0.00E+00 0.0
Canada Goose Meat 0.00E+00 0.0
Grouse Meat 4.42E-08 0.1
Partridge Meat 2.30E-07 0.4
Black Duck Organs 4.05E-06 7.4
Canada Goose Organs 3.46E-07 0.6
Grouse Organs 2.34E-07 0.4
Partridge Organs 3.95E-07 0.7
Wild Bird Eggs 0.00E+00 0.0
Moose Meat 4.76E-09 0.0
Porcupine Meat 1.53E-08 0.0
Rabbit (hare) Meat 1.92E-08 0.0
Rabbit (hare)  Organs 6.51E-07 1.2
Arctic char 0.00E+00 0.0
Capelin 0.00E+00 0.0
Cod 0.00E+00 0.0
Salmon 0.00E+00 0.0
Canned tuna 0.00E+00 0.0
Crab (meat) 1.16E-06 2.1
Lobster (meat) 1.49E-06 2.7
Mussels 4.56E-07 0.8
Scallops 3.36E-07 0.6
Shrimp 3.39E-07 0.6
Beef (meat) steak or roast 3.47E-07 0.6
Bird eggs (chicken) 3.69E-07 0.7
Chicken 2.94E-07 0.5
Turkey 4.66E-07 0.9
Ground beef 1.30E-07 0.2
Pork (chops, roast etc.) 3.11E-07 0.6
Processed meats 1.99E-07 0.4
Meat organs (e.g, beef, chicken) 5.50E-07 1.0
Total Inorganic Hg Exposure from all
Assessed Food Items

5.45E-05

Total Inorganic Hg Exposure from all
Assessed Country Food Items 4.8013E-05 88.2

Total Inorganic Hg Exposure from all
Assessed Market Basket Food Items 6.45E-06 11.8
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Mud Lake Exposure/Consumption Scenario

Study Area Community
Study Area Locally Harvested Country Food
Items (From Baseline DS)

Consumed to Significant Extenta (y or
n); as Reported in Baseline DS
Outcomes

Store-bought (Market Basket)
Commercial Meat and Seafood
Products (From Baseline DS)

Consumed to Significant Extenta (y or n);
as Reported in Baseline DS Outcomes

Mud Lake (ML) Fish and Shellfish Seafood (fresh, frozen, canned)
Rock Cod/Burbot y Arctic char y
Lake Trout y Capelin y
Rainbow Smelt y Cod y
Atlantic Salmon/Ouananiche y Flounder/Turbot n
Brook Trout y Halibut n

Shellfish (e.g., clams, mussels, scallops,
crab, lobster, shrimp) n Trout n
Fish or shellfish organs n Salmon y
Seal meat and/or organs y Shark n
Wild Game Birds Swordfish n
Black Duck (meat/organs) y/y Tuna (other than canned) n
Canada Goose (meat/organs) y/y Canned clams n
Grouse (meat/organs) y/y Canned herring n
Partridge (meat/organs) y/y Canned salmon n
Wild Game Mammals Canned sardines n
Beaver (meat/organs) n/n Canned tuna y
Black Bear (meat/organs) n/n Crab (meat/organs) y/n
Moose (meat/organs) y/n Lobster (meat/organs) y/n
Porcupine (meat/organs) y/n Mussels y
Rabbit (meat/organs) y/y Scallops y

Shrimp y

Wild bird eggs n Other seafood (canned, frozen or fresh) n
Seafood organs other than crab or
lobster n

Meats (including eggs)
Beef (meat/organs) y/y
Hamburger (ground beef, pork, chicken
etc.) y
Lamb (meat/organs) n/n
Pork (meat/organs) y/n
Veal (meat/organs) n/n
Turkey (meat/organs) y/n
Chicken (meat/organs) y/y
Eggs (chicken) y

Processed meats (e.g., bacon, bologna,
hot dogs, sausages, sandwich meats) y
Other n

Notes:

Female Male Female Male Female Male Female Male

Lifestage duration Richardson and Stantec, 2013; HC, 2010; Richardson, 1997
Body Weight (kg) 14.8 15.8 34.7 35.7 61 69.3 69.8 83.3 Richardson and Stantec, 2013

Brook Trout Golder, 2015 (Appendix C)
Lake Trout Golder, 2015 (Appendix C)
Rock Cod/Burbot (freshwater cod) Golder, 2015 (Appendix C)
Salmon (Atlantic+Ouananiche) Golder, 2015 (Appendix C)
Rainbow Smelt Golder, 2015 (Appendix C)

Meat Golder, 2015 (Appendix C)
Organs (liver) Golder, 2015 (Appendix C)

Black Duck Golder, 2015 (Appendix C)
Canada Goose Golder, 2015 (Appendix C)
Grouse Golder, 2015 (Appendix C)
Partridge Golder, 2015 (Appendix C)

Black Duck Golder, 2015 (Appendix C)
Canada Goose Golder, 2015 (Appendix C)
Grouse Golder, 2015 (Appendix C)
Partridge Golder, 2015 (Appendix C)
Wild Bird Eggs

Species harvested include: herring
gull, Canada goose, merganser, black
duck; no detailed breakdown
available for how many eggs typically
eaten for a given species; DS
outcomes suggest harvesting is
somewhat opportunistic and reflects
individual harvester preferences.

Assumed based on consideration of wild egg serving sizes
typically used in HC FNFNES Program, as well as review of
several culinary and U.S. Dept. of Agriculture websites.  The
latter noted that duck (merganser), goose and gull eggs are
roughly 1.5x, 3x and 2.5x the size and weight of chicken eggs,
respectively. As harvesters are assumed to eat a variety of wild
bird eggs, a mid-range serving size of 2.5x a typical medium
sized chicken egg (50 g) was assumed (i.e., 2.5 x 50 g = 125 g).
This serving size is multipled by the average # of wild eggs
consumed per serving (as reported in the DS), which was 1 egg
for adolescents and 2 eggs for adults.

Wild Game Mammals (meat)

While wild bird eggs were reported to be consumed by <10% of DS participants
(including those in ML), wild bird egg consumption was assessed in the HHRA for
this community as it has a significant Inuit population (wild bird egg consumption
is more prominent among Inuit and Innu than it is among non-Aboriginals).
Furthermore, wild bird egg consumption has been raised as a health concern in
the study area by members of Inuit organizations, and wild bird eggs are known to
have a tendency to accumulate elevated levels of MeHg.

a.  ≥10% of DS participants reporting consumption of a given food item was conservatively considered to represent significant consumption such that the given food item was evaluated in the HHRA.  Food
items reported to be consumed by <10% of DS participants were not evaluated in the HHRA unless there were other factors that merited the inclusion of a certain food item.  Foods consumed by <10% of DS
participants are not considered to contribute significantly to THg and MeHg exposure, on either an individual or community population basis. While foods considered to be of low significance may
occasionally be consumed by some study area community residents, the consumption patterns for these foods (when consumed) would be characterized by a rare or infrequent consumption frequency such
that the foods would be consumed at a very low overall rate. Consequently, ingestion of such food items is unlikely to contribute to THg or MeHg exposure to any significant extent.

It was assumed that most country food items can be preserved/stored and consumed at any time of the year despite the seasonality of the harvesting for many of these food items, as was reported in the DS
responses (Golder, 2015).  For market basket foods, it was also assumed that the food products can be preserved/stored and consumed at any time of the year. There is less of a seasonal influence on market
basket foods, but there are some meat and seafood products that tend to be purchased or available for purchase on a seasonal basis.

NOTE: For country food items not consumed by ML DS participants,or  consumed by <10% of DS participants, the
average country food item serving sizes were zeroed for the purpose of exposure and risk calculations.

0 0 0.125 0.25

0.075 0.075 0.075 0.084
0.075 0.075 0.075 0.092

Wild Game Bird Species (organs)
0.075 0.075 0.075 0.083
0.075 0.075 0.075 0.086

0.075 0.08 0.152 0.165
0.075 0.079 0.139 0.154

Wild Game Bird Species (meat)
0.075 0.083 0.128 0.169
0.075 0.082 0.152 0.161

Ringed Seal
0.075 0.15 0.149 0.188

0 0.075 0.125 0.157

0.088 0.106 0.167 0.174
0.075 0.106 0.168 0.193

0.075 0.085 0.142 0.171
0.075 0.11 0.15 0.18

Receptor Parameters
Toddler Child Teen

Average Country Food Consumption Rates (serving sizes); kg ww/d); kg ww eaten per serving (per day)
Fish Species

0.09 0.096 0.176 0.166

Adult
Reference

1 to <4 years 4 to <12 years 12 to <20 years ≥20 years
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Moose Golder, 2015 (Appendix C)
Porcupine Golder, 2015 (Appendix C)
Rabbit (hare) Golder, 2015 (Appendix C)
Wild Game Mammals (organs)
Rabbit (hare) Golder, 2015 (Appendix C)

Seafood (fresh, frozen, canned)
Arctic char
Capelin
Cod
Salmon
Canned tuna
Crab (meat)
Lobster (meat)
Mussels
Scallops
Shrimp
Meats (including eggs)
Beef (meat) steak or roast
Bird eggs (chicken)
Chicken
Turkey
Ground beef
Pork (chops, roast etc.)
Processed meats (e.g., bacon,
bologna, hot dogs, sausages,
sandwich meats)
Meat organs (e.g, beef, chicken)

Fish Species
Brook Trout Golder, 2015 (Appendix C)
Lake Trout Golder, 2015 (Appendix C)
Rock Cod/Burbot (freshwater cod) Golder, 2015 (Appendix C)
Salmon (Atlantic+Ouananiche) Golder, 2015 (Appendix C)
Rainbow Smelt Golder, 2015 (Appendix C)
Ringed Seal
Meat Golder, 2015 (Appendix C)
Organs (liver) Golder, 2015 (Appendix C)
Wild Game Bird Species (meat)
Black Duck Golder, 2015 (Appendix C)
Canada Goose Golder, 2015 (Appendix C)
Grouse Golder, 2015 (Appendix C)
Partridge Golder, 2015 (Appendix C)
Wild Game Bird Species (organs)
Black Duck Golder, 2015 (Appendix C)
Canada Goose Golder, 2015 (Appendix C)
Grouse Golder, 2015 (Appendix C)
Partridge Golder, 2015 (Appendix C)
Wild Bird Eggs
Gulls, ducks, merganser, Canada
goose Developed from Golder (2015) DS response sheets.
Wild Game Mammals (meat)
Moose Golder, 2015 (Appendix C)
Porcupine Golder, 2015 (Appendix C)
Rabbit (hare) Golder, 2015 (Appendix C)
Wild Game Mammals (organs)
Rabbit (hare) Golder, 2015 (Appendix C)

Inorganic Hg Exposure and Risk Calculations

Food Item M_Toddler Exposure (mg/kg BW/d) M_Child Exposure (mg/kg BW/d) M_Teen Exposure (mg/kg BW/d) M_Adult Exposure (mg/kg BW/d) F_Toddler Exposure (mg/kg BW/d) F_Child Exposure (mg/kg BW/d) F_Teen Exposure (mg/kg BW/d) F_Adult Exposure (mg/kg BW/d)
Fish Species
Brook Trout 0 0 0 0 0 0 0 0
Lake Trout 0 0 0 0 0 0 0 0
Rock Cod/Burbot (freshwater cod) 0 0 0 0 0 0 0 0
Salmon (Atlantic+Ouananiche) 0 0 0 0 0 0 0 0
Rainbow Smelt 0 0 0 0 0 0 0 0
Ringed Seal
Meat 0 0 0 0 0 0 0 0
Organs (liver) 0 5.91185E-06 5.07583E-06 3.52171E-05 0 6.08222E-06 5.76648E-06 4.20284E-05
Wild Game Bird Species (meat)
Black Duck 0 0 0 0 0 0 0 0
Canada Goose 0 0 0 0 0 0 0 0
Grouse 8.92475E-08 3.55076E-08 3.59215E-08 3.70076E-08 9.52777E-08 3.65309E-08 4.08092E-08 4.41652E-08
Partridge 5.04118E-07 1.846E-07 1.95639E-07 1.92779E-07 5.3818E-07 1.8992E-07 2.22258E-07 2.30064E-07
Wild Game Bird Species (organs)
Black Duck 2.45634E-05 5.43559E-06 3.26218E-06 3.3901E-06 2.62231E-05 5.59224E-06 3.70605E-06 4.04578E-06
Canada Goose 1.16792E-06 5.16897E-07 3.55484E-07 2.8958E-07 1.24684E-06 5.31793E-07 4.03853E-07 3.45588E-07
Grouse 5.16121E-07 2.28423E-07 1.57093E-07 1.96261E-07 5.50994E-07 2.35006E-07 1.78468E-07 2.3422E-07
Partridge 7.90175E-07 3.49714E-07 3.44998E-07 3.30929E-07 8.43566E-07 3.59792E-07 3.9194E-07 3.94934E-07
Wild Bird Eggs
Gulls, ducks, merganser, Canada
goose 0 0 0 0 0 0 0 0
Wild Game Mammals (meat)
Moose 9.29836E-09 6.39124E-09 4.26067E-09 3.98794E-09 9.92663E-09 6.57543E-09 4.8404E-09 4.75925E-09
Porcupine 0 1.43483E-08 1.15511E-08 1.28305E-08 0 1.47618E-08 1.31229E-08 1.5312E-08
Rabbit (hare) 4.67171E-08 2.09127E-08 2.05116E-08 1.6065E-08 4.98737E-08 2.15153E-08 2.33025E-08 1.91721E-08
Wild Game Mammals (organs)
Rabbit (hare) 0 7.419E-07 7.2708E-07 5.45212E-07 0 7.6328E-07 8.26011E-07 6.50661E-07
Seafood (fresh, frozen, canned)
Arctic char 0 0 0 0 0 0 0 0
Capelin 0 0 0 0 0 0 0 0
Cod 0 0 0 0 0 0 0 0
Salmon 0 0 0 0 0 0 0 0
Canned tuna 0 0 0 0 0 0 0 0
Crab (meat) 0 3.42791E-07 1.01539E-06 9.73282E-07 0 3.5267E-07 1.15355E-06 1.16152E-06
Lobster (meat) 0 2.91374E-06 1.50102E-06 1.24875E-06 0 2.99771E-06 1.70525E-06 1.49027E-06
Mussels 0 7.73109E-07 4.58874E-07 3.81753E-07 0 7.95389E-07 5.21311E-07 4.55587E-07
Scallops 1.80263E-07 7.97803E-08 2.46594E-07 2.81423E-07 1.92443E-07 8.20795E-08 2.80147E-07 3.35853E-07
Shrimp 0 3.28157E-07 3.41291E-07 2.83931E-07 0 3.37614E-07 3.87729E-07 3.38846E-07
Meats (including eggs)

7.2E-03 7.3E-03 8.2E-03 7.5E-03

0 5.5E-03 9.5E-03 7.9E-03

8.2E-03 1.1E-02 9.3E-03 8.8E-03
0 5.5E-03 3.6E-03 5.9E-03

5.5E-03 5.5E-03 1.0E-02 9.9E-03

0 0 2.5E-02 7.4E-02

5.5E-03 5.5E-03 7.3E-03 6.2E-03
5.5E-03 5.5E-03 7.3E-03 9.8E-03

9.1E-03 7.1E-03 8.3E-03 8.9E-03

1.1E-02 5.5E-03 6.4E-03 7.2E-03

8.1E-03 5.5E-03 6.5E-03 6.5E-03
8.7E-03 7.3E-03 7.6E-03 8.7E-03

0 1.4E-03 1.4E-03 9.1E-03

1.3E-02 5.5E-03 7.0E-03 7.5E-03

2.7E-03 7.8E-03 3.2E-03 9.2E-03

9.6E-03 1.4E-03 1.2E-02 9.6E-03

2.7E-03 5.5E-03 5.5E-03 8.5E-03
9.2E-03 6.6E-03 7.0E-03 9.9E-03

Average Country Food Consumption Frequency (unitless; # of times (days) reported consumed per each season (in DS) divided by 365 days per year); annual basis

8.4E-03 6.0E-03 6.7E-03 9.2E-03
2.7E-03 5.5E-03 6.1E-03 1.1E-02

0.0157 0.0321 0.0427

0.0157 0.0278 0.037 0.037
0.0013 0 0.0039 0.0214

0.0132 0.0235 0.0427 0.0427
0.0053 0.0118 0.016 0.0321

Developed from Golder (2015) DS response sheets based on DS
participant-reported central tendency consumption frequencies
and serving sizes.

0.016 0.016 0.0267 0.0499

0.0013 0.0013 0.0078 0.0107
0 0.0053 0.0107 0.0107

Developed from Golder (2015) DS response sheets based on DS
participant-reported central tendency consumption frequencies
and serving sizes.

0.0329 0.0235 0.0427 0.0427
0.0027 0.0093 0.0107 0.016

0.0214

0 0.0053 0.0053 0.0053
0 0.0046 0.0053 0.0053

0.0013 0.0053 0.0066 0.0107
0 0.0008 0.0046 0.0053

0.0139 0.0093 0.0321
0.0013 0.016 0.016 0.016

0.0027 0.016 0.0078 0.0107
0.004 0 0.0078 0.016
0.004

0 0.075 0.082 0.089
Average Market Basket (Grocery Store or otherwise outside of Study Area) Food Consumption Rates (with consumption frequency accounted for); kg ww/d); annual basis

0 0.08 0.188 0.156
0.088 0.088 0.148 0.152

0.075 0.091 0.133 0.158
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Beef (meat) steak or roast 7.69005E-07 2.49692E-07 2.62993E-07 2.91042E-07 8.20965E-07 2.56887E-07 2.98777E-07 3.47332E-07
Bird eggs (chicken) 5.23118E-07 2.3152E-07 1.99028E-07 3.09451E-07 5.58463E-07 2.38192E-07 2.26109E-07 3.69302E-07
Chicken 1.00054E-06 3.16298E-07 2.96068E-07 2.46308E-07 1.06815E-06 3.25413E-07 3.36352E-07 2.93947E-07
Turkey 3.47425E-07 5.29625E-07 3.13909E-07 3.90507E-07 3.70899E-07 5.44888E-07 3.56622E-07 4.66035E-07
Ground beef 1.78216E-07 1.4042E-07 1.31439E-07 1.09348E-07 1.90258E-07 1.44467E-07 1.49323E-07 1.30497E-07
Pork (chops, roast etc.) 2.26983E-07 2.2366E-07 1.56229E-07 2.60756E-07 2.4232E-07 2.30106E-07 1.77486E-07 3.11189E-07
Processed meats (e.g., bacon,
bologna, hot dogs, sausages,
sandwich meats) 3.7369E-07 2.9285E-07 2.00788E-07 1.67042E-07 3.98939E-07 3.0129E-07 2.28108E-07 1.99349E-07
Meat organs (e.g, beef, chicken) 1.47617E-07 0 1.00968E-07 4.60914E-07 1.57591E-07 0 1.14706E-07 5.50059E-07

TOTAL Inorganic Hg Exposure 3.14338E-05 1.98678E-05 1.54151E-05 4.56363E-05 3.35577E-05 2.04403E-05 1.75126E-05 5.44628E-05
Inorg Hg TRV (U.S. EPA, 1995; HC,
2010); mg/kg BW/d 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003
Inorganic Hg Risk (Hazard
Quotient) 0.104779449 0.066225933 0.05138379 0.152121074 0.111859142 0.068134461 0.058375355 0.181542772

Inorganic Hg Relative Exposure Contributions - Highest Exposure and Risk Receptor for the Community (F Adult for ML)

Food Item
Calculated Exposure Rate

(mg/kg BW/d)

Relative % Contribution to Total
Inorganic Hg Exposure (Individual
Food Item Exposure Rate / Total

Inorganic Hg Exposure Rate x 100)

Brook Trout 0.00E+00 0.0
Lake Trout 0.00E+00 0.0
Rock Cod/Burbot 0.00E+00 0.0
Salmon (Atlantic+Ouananiche) 0.00E+00 0.0
Rainbow Smelt 0.00E+00 0.0
Ringed Seal Meat 0.00E+00 0.0
Ringed Seal Liver 4.20E-05 77.2
Black Duck Meat 0.00E+00 0.0
Canada Goose Meat 0.00E+00 0.0
Grouse Meat 4.42E-08 0.1
Partridge Meat 2.30E-07 0.4
Black Duck Organs 4.05E-06 7.4
Canada Goose Organs 3.46E-07 0.6
Grouse Organs 2.34E-07 0.4
Partridge Organs 3.95E-07 0.7
Wild Bird Eggs 0.00E+00 0.0
Moose Meat 4.76E-09 0.0
Porcupine Meat 1.53E-08 0.0
Rabbit (hare) Meat 1.92E-08 0.0
Rabbit (hare)  Organs 6.51E-07 1.2
Arctic char 0.00E+00 0.0
Capelin 0.00E+00 0.0
Cod 0.00E+00 0.0
Salmon 0.00E+00 0.0
Canned tuna 0.00E+00 0.0
Crab (meat) 1.16E-06 2.1
Lobster (meat) 1.49E-06 2.7
Mussels 4.56E-07 0.8
Scallops 3.36E-07 0.6
Shrimp 3.39E-07 0.6
Beef (meat) steak or roast 3.47E-07 0.6
Bird eggs (chicken) 3.69E-07 0.7
Chicken 2.94E-07 0.5
Turkey 4.66E-07 0.9
Ground beef 1.30E-07 0.2
Pork (chops, roast etc.) 3.11E-07 0.6
Processed meats 1.99E-07 0.4
Meat organs (e.g, beef, chicken) 5.50E-07 1.0
Total Inorganic Hg Exposure from all
Assessed Food Items

5.45E-05

Total Inorganic Hg Exposure from all
Assessed Country Food Items 4.8013E-05 88.2

Total Inorganic Hg Exposure from all
Assessed Market Basket Food Items 6.45E-06 11.8

0 10 20 30 40 50 60 70 80 90

Brook Trout
Lake Trout

Rock Cod/Burbot
Salmon (Atlantic+Ouananiche)

Rainbow Smelt
Ringed Seal Meat
Ringed Seal Liver
Black Duck Meat

Canada Goose Meat
Grouse Meat

Partridge Meat
Black Duck Organs

Canada Goose Organs
Grouse Organs

Partridge Organs
Wild Bird Eggs

Moose Meat
Porcupine Meat

Rabbit (hare) Meat
Rabbit (hare)  Organs

Arctic char
Capelin

Cod
Salmon

Canned tuna
Crab (meat)

Lobster (meat)
Mussels
Scallops
Shrimp

Beef (meat) steak or roast
Bird eggs (chicken)

Chicken
Turkey

Ground beef
Pork (chops, roast etc.)

Processed meats
Meat organs (e.g, beef, chicken)

Relative Percent (%) Contribution to Total Inorganic Hg Exposure
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Relative Inorganic Hg Exposure Contributions for the Female Adult Receptor; Mud Lake
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C Worked Example of Exposure and Risk 
Calculations for MeHg 
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Final Baseline HHRA 
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C - 1 

 

Appendix C  Worked Example of Exposure 
and Risk Calculations – Methyl Mercury 
(MeHg) 
 
This appendix provides a worked example of HHRA exposure and risk calculations for MeHg, 
for a female adult receptor from the community of Mud Lake (ML). The same equations and 
calculations were used (for the most part) to estimate inorganic Hg exposures and risks. 
 
C-1.0 Exposure Point Concentrations, THg Speciation Assumptions, RAFs, 

Adjustment Factors, and Human Receptor Exposure Parameters and 
Assumptions 

 
Appendix B presents the exposure point concentrations, the THg speciation assumptions, the 
oral RAFs, the adjustment factors (i.e., the mass loss factor), and the human receptor exposure 
parameters and assumptions that were used /applied in the estimation of MeHg exposure and 
human health risk. 
 
C-2.0  Toxicity Reference Values 
 
Methyl mercury (MeHg) and inorganic mercury (inorganic Hg) toxicity reference values (TRVs) 
are previously provided in Table 2 of the main HHRA report. 
 
C-3.0  Worked Example of Exposure Calculations 
 
The following pages present the equations used in the HHRA to estimate MeHg exposure and 
risk, using an illustrative worked example for a hypothetical female adult receptor from Mud 
Lake. The same equations were used to calculate exposures and risks for the other receptor 
age classes in the other study area communities (using the appropriate parameters from 
Appendix B).   
 
The results of each calculation for MeHg are provided in bold below the equation boxes.  There 
may be slight differences in some exposure and risk estimates presented herein versus those 
presented in the main HHRA report or in Appendix B, due to possible differences in rounding 
and the number of significant digits carried into the various calculations.   
 
C-3.1  Exposure Calculations for Ingestion of Country Food and Market Basket Food Items 
 
These exposure calculations are demonstrated using one country food item (i.e., brook trout) 
and one market basket (store-bought) food item (i.e., chicken) each.   
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Country Food Ingestion Exposure – Brook Trout 

EXPBT = [CR x CF x CBT x RAFOral x MLF x PHg] / BW 
 
Where: 
EXP BT  = exposure via ingestion of brook trout (mg/kg body weight/day) 
CR = average consumption rate (kg ww/d); 0.166 (Golder, 2015 (Appendix 

 C)) 
CF = consumption frequency (unitless); 0.0092 (Golder, 2015 (Appendix 

 C)) 
CBT = exposure point concentration for THg in brook trout (mg/kg ww); 

 0.07 
RAFOral = relative absorption factor (chemical specific, unitless); 1 (assumed) 
MLF = mass loss factor (unitless); 1.5 (Based on Morgan et al., 1997; Burger 

 et al., 2003; Moses et al., 2009; Torres-Escribano et al., 2010; and, 
 Costa et al., 2015)) 

PHg = proportion of THg that is MeHg (unitless); 1.0 (assumed) 
BW = body weight (kg); 69.8 (Richardson and Stantec, 2013) 
 

EXPBT = 2.29 x 10-6 mg/kg body weight/day. 
 
MeHg ingestion exposures were similarly calculated for all other assessed country food items. 
 
Market Basket Ingestion Exposure – Chicken 

EXPC = [CR x CC x RAFOral x PHg] / BW 
 
Where: 
EXPC  = exposure via ingestion of chicken (mg/kg body weight/day) 
CR = consumption rate (kg ww/d); 0.0427 (Golder, 2015) 
CC = exposure point concentration for THg in chicken (mg/kg ww); 

 0.00074 
RAFOral = relative absorption factor (chemical specific, unitless); 1 (assumed) 
PHg = proportion of THg that is MeHg (unitless); 0.35 
BW = body weight (kg); 69.8 
 

EXPC = 1.58 x 10-7 mg/kg body weight/day. 
 
MeHg ingestion exposures were similarly calculated for all other assessed market basket food 
items. 
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C-3.1.1 Estimation of Total MeHg Exposure from Ingestion of Country Food and Market 
Basket Food Items 

 

Total EXPFood = ∑EXPCF + ∑EXPMBF 
 
Where: 
Total EXPFood  = total MeHg ingestion exposure (mg/kg body weight/day) 
∑EXPCF  = total MeHg exposure via ingestion of country food items (mg/kg 

 body  weight/day);  2.06 x 10-4 (Appendix B) 
∑EXPMBF  = total MeHg exposure via ingestion of market basket food items 

 (mg/kg body)  
   weight/day); 9.56 x 10-5 (Appendix B) 
 

Total EXPFood = 3.0 x 10-4 mg/kg body weight/day. 
 

 
C-3.2 Estimation of MeHg Concentrations in Blood and Hair Using the One-

Compartment Toxicokinetic Model (U.S. EPA, 2001a; WHO, 2004; EFSA, 
2012a; NRC, 2000; Legrand et al., 2010)  

 
Example calculations are shown for a pregnant female adult receptor from Mud Lake.  
 
C-3.2.1  Estimated Blood MeHg Concentrations (µg/L) – Pregnant Female Adult 
 

Cblood = [d x A x f x BW] / [b x V] 
 
Where: 
Cblood  = estimated blood MeHg concentration (µg/L) 
d = daily dietary intake expressed as a dose of MeHg (Total EXPFood; 

 mg/kg body 
    weight/day); 2.52 x 10-4 (Appendix B) 
A = gastrointestinal absorption factor (unitless); 0.95 (WHO, 2004; EFSA, 

 2012a) 
f = fraction of daily dietary intake taken up by blood (unitless); 0.05 

 (WHO, 2004) 
BW = body weight (kg); 83.4 (Appendix B) 
b = elimination constant; 0.014 d-1 (WHO, 2004) 
V = estimated blood volume; 7.5 L (0.09*BW) (WHO, 2004)a 

 
a. Blood volume in body (L); calculated as 0.09 (9%) x BW for pregnant females as per WHO (2004); for all other 

receptors, calculated as 0.075 (7.5%) x BW (http://www.hematology.org/Patients/Basics/). 

 
Cblood = 0.0095 mg/L = 9.5 µg/L. 
 
  

CIMFP Exhibit P-00271 - Appendix O - 44 Page 275

http://www.hematology.org/Patients/Basics/


 
Final Baseline HHRA 
October 2016 –12-6331-7000 

C - 4 

 

C-3.2.2  Estimated Hair MeHg Concentrations (mg/kg) - Pregnant Female Adult 
 

Chair = Cblood x BHR x CF1 x CF2 

 
Where: 
Chair  = estimated hair MeHg concentration (mg/kg) 
Cblood  = estimated blood MeHg concentration (µg/L); 9.5 
BHR  = blood : hair MeHg ratio (unitless); 250 (WHO, 2004; EFSA, 2012a, 

 Legrand et  al., 2010; U.S. EPA, 2001a) 
CF1 = conversion factor; 1 L/1 kg 
CF2 = conversion factor; 1 mg / 1000 µg 
 

Chair = 2.4 mg/kg. 
 
 
C-3.2.3  Estimated Maternal Blood MeHg Transfer to Fetal Blood (µg/L) 
 

Cfetal = CMblood x MBR  

 
Where: 
Cfetal  = estimated fetal blood MeHg concentration (µg/L) 
CMblood  = estimated maternal blood MeHg concentration (µg/L); 9.5 
MBR  = maternal blood to fetal cord blood ratio (unitless); 1.7a  
 
a. The applied maternal blood to fetal cord blood ratio is the central tendency value based on studies summarized in 
WHO (1990); ATSDR (1999); WHO (2010); EFSA (2012a,b); Sakamoto et al., (2002; 2012). 

 
Cfetal = 16.2 µg/L. 
 
C-3.3 Estimation of MeHg Exposure to Infant via Breast Milk Ingestion Exposure 

Pathway  
 
C-3.3.1  Estimated MeHg Concentration in Breast Milk (mg/L) – Female Adult 
 

CBM = CBlood x BTFBM / 1000 
 
Where: 
CBM  = concentration of MeHg in breast milk (mg/L) 
BTFBM  = breast milk biotransfer factor (unitless); 0.27a 

Cblood  = estimated blood MeHg concentration (µg/L); 13.6 (Appendix B) 
 
a. Assumed based on average value reported by Oskarsson et al., (1996) in a study of 30 lactating Swedish women, 
and review of several other studies reported in ATSDR (2013); WHO (2000) and U.S. EPA MRC (1997). 27% of THg or 
MeHg transfer from maternal blood to human breast milk is the highest reported transfer factor identified for 
humans. 

 
CBM =  3.7 µg/L = 0.0037 mg/L. 
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C-3.3.2  Estimated Infant MeHg Exposure from Breast Milk Ingestion 
 

EXPBM = CBM x IRBM/BW 
 
Where: 
EXPBM   = infant MeHg exposure via the consumption of breast milk (mg/kg 

body    weight/day) 
CBM   = concentration of MeHg in breast milk (mg/L); 0.0037 
IRBM   = breast milk ingestion rate (L/day); 0.6475 (U.S. EPA, 2008; 2011) 
BW   = infant body weight (kg); 4.05a (Richardson and Stantec, 2013) 
 
a. BW changes (increases) quickly from early infancy to the end of the infant period. However, there is no current 
regulatory guidance or scientific literature that addresses how to reliably and accurately assess chemical exposures 
over the full duration of the infancy period where growth (body weight gain) occurs rapidly but can also be highly 
variable. The selected BW of 4.05 kg is 1/2 the infant body weight of 8.1 kg recommended by Richardson and 
Stantec (2013) and which represents an infant near the end of its first year. This assumption is believed to 
reasonably and conservatively capture potential exposures to younger and smaller breast-feeding infants. 

 
EXPBM = 0.0006 mg/kg body weight/day. 
 
C-4.0  Worked Example of Risk Characterization Calculation 
 
The risk characterization stage of a human health risk assessment consists of a comparison 
between total estimated COPC exposures and the acceptable or “safe” intake level (i.e., the 
toxicity reference value (TRV)). The numerical value associated with this comparison is called 
the hazard quotient (HQ) and is calculated as follows: 
 

Hazard Quotient (HQ) =  Estimated Exposure (mg/kg BW/day) 
TRV (mg/kg BW/day) 

 
The following equation illustrates the calculation of HQs in the HHRA for a female adult 
receptor from Mud Lake.  HQs were similarly calculated for all other assessed receptors in all 
other LCHGP study area communities. 
 
Female Adult 

TRV

TotalEXP
HQ Food  

Where: 
HQ  = hazard quotient (unitless) 
Total EXPFood  = total MeHg ingestion exposure (mg/kg body weight/day); 3.0 x 10-4 

TRV  = TRV (mg/kg body weight/day); (e.g., 0.0001 (U.S. EPA, 2001a,b)) 
 

HQ = 3.0. 
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C-5.0  References Cited 
 
All references cited herein are provided in the main report reference list (Section 6.0). 
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D Data Summaries: LCHGP Study Area 
Fish, Seal and Wild Bird Egg Mercury 
Concentrations 
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Summary Statistics: Study Area Fish Muscle THg Concentrations

NumObs # Missing Minimum Maximum Mean Geo-Mean SD SEM MAD/0.675 Skewness CV

25.000000    0 0.0280000 0.1600000 0.0948800 0.0854015 0.0397967 0.0079593 0.0370645 0.0254461 0.4194424 SD standard deviation

340.00000    0 0.0200000 0.4400000 0.0674294 0.0606624 0.0420833 0.0022823    0 4.4633199 0.6241094 SEM standard error of mean

24.000000    0 0.0200000 0.1500000 0.0748750 0.0681867 0.0306145 0.0062491 0.0296516 0.3533535 0.4088741 MAD/0.675 median absolute deviation

44.000000    0 0.0100000 0.1400000 0.0668182 0.0594208 0.0286740 0.0043228 0.0296516 0.1373316 0.4291348 CV coefficient of variation

173.00000    0 0.0200000 0.4500000 0.1162775 0.0986810 0.0704061 0.0053529 0.0593032 1.5780643 0.6055007 %ile percentile

500.00000    0 0.0100000 0.5500000 0.0829940 0.0642331 0.0732129 0.0032742 0.0163084 2.7037267 0.8821464

93.000000    0 0.0100000 2.7000000 0.2094194 0.0770785 0.4284686 0.0444301 0.0355819 3.4442519 2.0459836

142.00000    0 0.0300000 0.3100000 0.0959859 0.0824920 0.0592274 0.0049703 0.0296516 1.5683972 0.6170427

35.000000    0 0.0200000 0.0910000 0.0422286 0.0374181 0.0213735 0.0036128 0.0148258 0.8020478 0.5061395

91.000000    0 0.0400000 0.3600000 0.0849451 0.0710958 0.0620282 0.0065023    0 2.0537677 0.7302155

399.00000    0 0.0200000 0.6700000 0.0885764 0.0691645 0.0887060 0.0044409    0 3.4809167 1.0014625

10.000000    0 0.0400000 0.1800000 0.0840000 0.0720074 0.0499333 0.0157903 0.0296516 0.8479228 0.5944439

29.000000    0 0.0300000 0.4600000 0.1420690 0.1126128 0.1074835 0.0199592 0.0889548 1.7416457 0.7565588

10.000000    0 0.2100000 0.7100000 0.4310000 0.4022915 0.1595445 0.0504524 0.1556709 0.1144226 0.3701728

19.000000    0 0.0700000 0.4600000 0.1442105 0.1209933 0.1039934 0.0238577 0.0593032 2.0028793 0.7211219

44.000000    0 0.0280000 0.4600000 0.1161818 0.0992654 0.0776013 0.0116988 0.0370645 2.6291145 0.6679301

232.00000    0 0.0200000 0.4500000 0.1008233 0.0820523 0.0679744 0.0044627 0.0452187 1.7017068 0.6741935

NumObs # Missing 10%ile 20%ile 25%ile(Q1) 50%ile(Q2) 75%ile(Q3) 80%ile 90%ile 95%ile 99%ile

25.000000    0 0.0430000 0.0588000 0.0730000 0.0950000 0.1200000 0.1320000 0.1500000 0.1580000 0.1600000

340.00000    0 0.0500000 0.0500000 0.0500000 0.0500000 0.0725000 0.0800000 0.1000000 0.1400000 0.2083000

24.000000    0 0.0400000 0.0464000 0.0575000 0.0750000 0.0925000 0.1000000 0.1070000 0.1185000 0.1431000

44.000000    0 0.0300000 0.0400000 0.0500000 0.0700000 0.0825000 0.0900000 0.1000000 0.1085000 0.1314000

173.00000    0 0.0500000 0.0600000 0.0600000 0.1000000 0.1500000 0.1600000 0.2080000 0.2600000 0.3456000

500.00000    0 0.0300000 0.0500000 0.0500000 0.0500000 0.0970000 0.1200000 0.1700000 0.2300000 0.3803000

93.000000    0 0.0200000 0.0500000 0.0500000 0.0560000 0.0930000 0.1300000 0.7940000 1.3000000 1.5960000

142.00000    0 0.0500000 0.0500000 0.0500000 0.0700000 0.1200000 0.1300000 0.1900000 0.2200000 0.2818000

35.000000    0 0.0200000 0.0200000 0.0250000 0.0300000 0.0505000 0.0612000 0.0712000 0.0830000 0.0906600

91.000000    0 0.0500000 0.0500000 0.0500000 0.0500000 0.0900000 0.1400000 0.1700000 0.2200000 0.2790000

399.00000    0 0.0500000 0.0500000 0.0500000 0.0500000 0.0900000 0.1200000 0.1600000 0.2410000 0.4708000

10.000000    0 0.0400000 0.0400000 0.0425000 0.0600000 0.1250000 0.1300000 0.1350000 0.1575000 0.1755000

29.000000    0 0.0500000 0.0600000 0.0600000 0.1200000 0.1700000 0.1820000 0.2720000 0.3760000 0.4544000

10.000000    0 0.2280000 0.2700000 0.3025000 0.4650000 0.5050000 0.5240000 0.5930000 0.6515000 0.6983000

19.000000    0 0.0700000 0.0760000 0.0800000 0.1100000 0.1700000 0.1740000 0.3000000 0.3160000 0.4312000

44.000000    0 0.0533000 0.0700000 0.0760000 0.0965000 0.1325000 0.1500000 0.1700000 0.2820000 0.3912000

232.00000    0 0.0300000 0.0500000 0.0500000 0.0805000 0.1300000 0.1500000 0.1700000 0.2300000 0.3307000

Legend

General Statistics on Uncensored Full Data

Date/Time of Computation   ProUCL 5.17/6/2016 12:59:28 PM

User Selected Options

Brook Trout

From File   WorkSheet.xls

Full Precision   ON

General Statistics (mg/kg ww with exception of NumObs, #missing, skewness and CV - which are unitless)

Variable

Atlantic Salmon

Lake Trout

Dwarf Lake Whitefish

Lake Chub

Lake Whitefish

Longnose Sucker

Northern Pike

Rainbow Smelt

Round Whitefish

Tomcod

White Sucker

Winter Flounder

Burbot

Lake Whitefish

Ouananiche

Salmon Combined

Whitefish Combined

Percentiles  (mg/kg ww with exception of NumObs, #missing - which are unitless)

Variable

Atlantic Salmon

Brook Trout

Dwarf Lake Whitefish

Lake Chub

Whitefish Combined

Longnose Sucker

Northern Pike

Rainbow Smelt

Round Whitefish

Tomcod

White Sucker

Winter Flounder

Burbot

Lake Trout

Ouananiche

Salmon Combined
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Study Area Fish Data Summary: Brook Trout

Species Year Location Sample ID Length (mm)
Total Mercury (THg)

Concentration
(mg/kg ww)

Methylmercury (MeHg)
Concentration

(ug/kg ww)

PUFA Concentration
(g/100g; ww)

Selenium
Concentration

(mg/kg ww)
Brook Trout 2015 Mainstem Slow BT01 421 0.16 231 0.8 <1
Brook Trout 2015 Tributary BT03 234 0.18
Brook Trout 2015 Tributary BT04 146 <0.05
Brook trout 2015 Mainstem Slow BT04a 332 0.12
Brook Trout 2015 Tributary BT05A 252 0.22
Brook Trout 2015 Tributary BT06A 221 0.06
Brook Trout 2015 Tributary BT07 168 <0.05
Brook Trout 2015 Tributary BT08 256 0.37
Brook Trout 2015 Tributary BT09 276 0.15
Brook Trout 2015 Tributary BT10 130 <0.05
Brook Trout 2015 Mainstem Slow BT11 473 0.05 91.5 0.51 <1
Brook Trout 2015 Mainstem Slow BT12 203 <0.05
Brook Trout 2015 Tributary BT13 270 <0.05
Brook Trout 2015 Estuary BT01 449 0.19 258 0.33 <1
Brook Trout 2015 Estuary BT02 351 <0.05
Brook Trout 2015 Estuary BT03 365 <0.05
Brook Trout 2015 Estuary BT04 365 <0.05
Brook Trout 2015 Estuary BT05 314 <0.05
Brook Trout 2015 Estuary BT06 296 0.06
Brook Trout 2015 Estuary BT07 352 0.1
Brook Trout 2015 Estuary BT08 314 0.09
Brook Trout 2015 Estuary BT09 380 0.14
Brook Trout 2015 Estuary BT10 360 <0.05
Brook Trout 2015 Estuary BT11 259 <0.05
Brook Trout 2015 Estuary BT12 261 <0.05
Brook Trout 2015 Estuary BT31 251 0.07
Brook Trout 2015 Estuary BT32 230 <0.05
Brook Trout 2015 Estuary BT33 231 <0.05
Brook Trout 2015 Estuary BT34 263 <0.05
Brook Trout 2015 Estuary BT35 315 <0.05
Brook Trout 2015 Estuary BT36 201 <0.05
Brook Trout 2015 Estuary BT13 234 <0.05
Brook Trout 2015 Estuary BT14 361 <0.05
Brook Trout 2015 Estuary BT15 303 <0.05
Brook Trout 2015 Estuary BT16 262 <0.05
Brook Trout 2015 Estuary BT17 213 <0.05
Brook Trout 2015 Estuary BT18 220 <0.05
Brook Trout 2015 Estuary BT19 200 <0.05
Brook Trout 2015 Estuary BT20 178 <0.05
Brook Trout 2015 Estuary BT21 393 <0.05
Brook Trout 2015 Estuary BT22 351 <0.05
Brook Trout 2015 Estuary BT23 382 <0.05
Brook Trout 2015 Estuary BT24 341 <0.05
Brook Trout 2015 Estuary BT25 440 0.08 149 0.53 <1
Brook Trout 2015 Estuary BT26 362 <0.05
Brook Trout 2015 Estuary BT27 316 <0.05
Brook Trout 2015 Estuary BT28 335 <0.05
Brook Trout 2015 Estuary BT29 348 <0.05
Brook Trout 2015 Estuary BT30 374 <0.05
Brook trout 2015 Estuary NA NA 0.32
Brook Trout 1999 Estuary 99EBT007 178 0.05
Brook Trout 2011 Estuary BT01 210 0.06
Brook Trout 2011 Estuary BT01 329 0.07
Brook Trout 2011 Estuary BT01 438 0.11
Brook Trout 2011 Estuary BT02 235 0.08
Brook Trout 2011 Estuary BT02 308 0.14
Brook Trout 2011 Estuary BT02 339 0.11
Brook Trout 2011 Estuary BT03 216 0.09
Brook Trout 2011 Estuary BT03 292 0.08
Brook Trout 2011 Estuary BT03 319 0.08
Brook Trout 2011 Estuary BT04 278 0.09
Brook Trout 2011 Estuary BT04 266 0.07
Brook Trout 2011 Estuary BT05 189 0.07
Brook Trout 2011 Estuary BT06 228 0.1
Brook Trout 2011 Estuary BT01 186 0.04
Brook Trout 2011 Estuary BT02 242 0.05
Brook Trout 2011 Estuary BT03 265 0.07
Brook Trout 2011 Estuary BT04 183 0.05
Brook Trout 2011 Estuary BT05 182 0.03
Brook Trout 2011 Estuary BT06 210 0.05
Brook Trout 2011 Estuary BT07 191 0.03
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Study Area Fish Data Summary: Brook Trout

Species Year Location Sample ID Length (mm)
Total Mercury (THg)

Concentration
(mg/kg ww)

Methylmercury (MeHg)
Concentration

(ug/kg ww)

PUFA Concentration
(g/100g; ww)

Selenium
Concentration

(mg/kg ww)
Brook Trout 2011 Estuary BT09 178 0.04
Brook Trout 2011 Estuary BT10 251 0.1
Brook Trout 2011 Estuary BT11 287 0.07
Brook Trout 2011 Estuary BT12 250 0.06
Brook Trout 2011 Estuary BT13 243 0.07
Brook Trout 2011 Estuary BT14 272 0.08
Brook Trout 2011 Estuary BT15 175 0.05
Brook Trout 2011 Estuary BT16 229 0.09
Brook Trout 2011 Estuary BT17 288 0.09
Brook Trout 2011 Estuary BT18 190 0.06
Brook Trout 2011 Estuary BT19 196 0.05
Brook Trout 2011 Estuary BT20 171 0.05
Brook Trout 2011 Estuary BT21 271 0.13
Brook Trout 2011 Estuary BT22 257 0.09
Brook Trout 2011 Estuary BT23 283 0.1
Brook Trout 2011 Estuary BT24 217 0.08
Brook Trout 2011 Estuary BT25 285 0.08
Brook Trout 2011 Estuary BT26 260 0.05
Brook Trout 2011 Estuary BT27 226 0.04
Brook Trout 2011 Estuary BT28 261 0.05
Brook Trout 2011 Estuary BT29 327 0.09
Brook Trout 2011 Tributary BT06 238 0.11
Brook Trout 2011 Tributary BT07 138 0.05
Brook Trout 2011 Tributary BT08 220 0.04
Brook Trout 2011 Tributary BT09 210 0.04
Brook Trout 2011 Mainstem Slow BT10 221 0.05
Brook Trout 2011 Mainstem Slow BT11 230 0.08
Brook Trout 2011 Mainstem Slow BT12 326 0.09
Brook Trout 2011 Mainstem Slow BT12 325 0.17
Brook Trout 2011 Mainstem Slow BT13 137 0.04
Brook Trout 2011 Mainstem Slow BT14 289 0.12
Brook Trout 2011 Tributary BT15 268 0.09
Brook Trout 2011 Tributary BT16 244 0.09
Brook Trout 2012 Mainstem Slow BT01 162 0.085
Brook Trout 2012 Mainstem Slow BT01 266 0.099
Brook Trout 2012 Tributary BT02 263 0.076
Brook Trout 2012 Tributary BT03 239 0.072
Brook Trout 2012 Tributary BT04 321 0.1
Brook Trout 2012 Tributary BT05 266 0.093
Brook Trout 2012 Tributary BT06 180 0.053
Brook Trout 2012 Mainstem Slow BT07 250 0.09
Brook Trout 2012 Tributary BT09 258 0.12
Brook Trout 2012 Mainstem Slow BT10 232 0.092
Brook Trout 2012 Tributary BT11 348 0.1
Brook Trout 2012 Tributary BT12 245 0.092
Brook Trout 2012 Tributary BT13 250 0.074
Brook Trout 2012 Tributary BT14 140 0.055
Brook Trout 2012 Mainstem Slow BT15 133 0.056
Brook Trout 2012 Mainstem Slow BT16 296 0.063
Brook Trout 2012 Mainstem Slow BT17 252 0.099
Brook Trout 2013 Estuary BT01 145 <0.05
Brook Trout 2013 Estuary BT02 125 0.06
Brook Trout 2013 Estuary BT03 127 <0.05
Brook Trout 2013 Estuary BT04 124 <0.05
Brook Trout 2013 Estuary BT06 204 0.05
Brook Trout 2013 Estuary BT08 185 0.05
Brook Trout 2013 Estuary BT09 305 0.08
Brook Trout 2013 Estuary BT10 220 0.07
Brook Trout 2013 Estuary BT11 180 <0.05
Brook Trout 2013 Estuary BT12 284 <0.05
Brook Trout 2013 Estuary BT13 293 0.05
Brook Trout 2013 Estuary BT14 204 <0.05
Brook Trout 2013 Estuary BT15 267 0.07
Brook Trout 2013 Estuary BT16 232 0.06
Brook Trout 2013 Estuary BT17 184 <0.05
Brook Trout 2013 Estuary BT18 165 <0.05
Brook Trout 2013 Estuary BT20 181 <0.05
Brook Trout 2013 Estuary BT21 177 <0.05
Brook Trout 2013 Estuary BT22 408 0.1
Brook Trout 2013 Estuary BT23 360 0.07
Brook Trout 2013 Estuary BT25 293 <0.05
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Study Area Fish Data Summary: Brook Trout

Species Year Location Sample ID Length (mm)
Total Mercury (THg)

Concentration
(mg/kg ww)

Methylmercury (MeHg)
Concentration

(ug/kg ww)

PUFA Concentration
(g/100g; ww)

Selenium
Concentration

(mg/kg ww)
Brook Trout 2013 Estuary BT28 278 0.08
Brook Trout 2013 Estuary BT30 330 0.06
Brook Trout 2013 Estuary BT32 286 0.06
Brook Trout 2013 Estuary BT33 257 0.1
Brook Trout 2013 Estuary BT34 222 0.06
Brook Trout 2013 Estuary BT41 315 0.06
Brook Trout 2013 Estuary BT45 400 0.07
Brook Trout 2013 Estuary BT46 378 0.09
Brook Trout 2013 Estuary BT66 254 0.08
Brook Trout 2013 Estuary BT86 314 0.06
Brook Trout 2013 Estuary BT87 232 <0.05
Brook Trout 2013 Estuary BT87A 362 <0.05
Brook Trout 2013 Estuary BT88 280 <0.05
Brook Trout 2013 Estuary BT89 241 <0.05
Brook Trout 2013 Estuary BT100 182 0.44
Brook Trout 2013 Estuary BT101 232 <0.05
Brook Trout 2013 Estuary BT102 268 0.17
Brook Trout 2013 Estuary BT103 286 <0.05
Brook Trout 2013 Estuary BT105 240 <0.05
Brook Trout 2013 Estuary BT106 243 <0.05
Brook Trout 2013 Estuary BT107 328 <0.05
Brook Trout 2013 Estuary BT108 347 <0.05
Brook Trout 2013 Estuary BT109 315 <0.05
Brook Trout 2013 Estuary BT110 362 <0.05
Brook Trout 2013 Estuary BT96 194 <0.05
Brook Trout 2013 Estuary BT97 138 <0.05
Brook Trout 2013 Estuary BT98 264 <0.05
Brook Trout 2013 Estuary BT99 198 <0.05
Brook Trout 2013 Estuary BT152 478 0.07
Brook Trout 2013 Estuary BT153 374 <0.05
Brook Trout 2013 Estuary BT154 313 <0.05
Brook Trout 2013 Estuary BT160 233 <0.05
Brook Trout 2013 Estuary BT161 275 0.07
Brook Trout 2013 Estuary BT162 224 <0.05
Brook Trout 2013 Estuary BT163 221 <0.05
Brook Trout 2013 Tributary BT01 278 <0.05
Brook Trout 2013 Tributary BT02 235 <0.05
Brook Trout 2013 Tributary BT03 164 <0.05
Brook Trout 2013 Tributary BT04 180 <0.05
Brook Trout 2013 Tributary BT05 264 <0.05
Brook Trout 2013 Tributary BT06 244 <0.05
Brook Trout 2013 Tributary BT07 109 <0.05
Brook Trout 2013 Tributary BT08 205 <0.05
Brook Trout 2013 Tributary BT09 214 <0.05
Brook Trout 2013 Tributary BT10 194 <0.05
Brook Trout 2013 Tributary BT11 178 <0.05
Brook Trout 2013 Tributary BT12 204 <0.05
Brook Trout 2013 Tributary BT13 139 <0.05
Brook Trout 2013 Tributary BT14 173 <0.05
Brook Trout 2013 Tributary BT15 142 <0.05
Brook Trout 2013 Tributary BT16 279 <0.05
Brook Trout 2013 Tributary BT17 194 <0.05
Brook Trout 2013 Tributary BT18 224 <0.05
Brook Trout 2013 Tributary BT19 326 0.09
Brook Trout 2013 Tributary BT20 291 <0.05
Brook Trout 2013 Tributary BT21 219 <0.05
Brook Trout 2013 Tributary BT22 245 <0.05
Brook Trout 2013 Tributary BT23 207 <0.05
Brook Trout 2013 Tributary BT24 230 <0.05
Brook Trout 2013 Tributary BT25 215 <0.05
Brook Trout 2013 Tributary BT26 224 <0.05
Brook Trout 2013 Tributary BT27 193 <0.05
Brook Trout 2013 Tributary BT28 215 <0.05
Brook Trout 2013 Tributary BT29 195 <0.05
Brook Trout 2013 Tributary BT30 184 <0.05
Brook Trout 2014 Tributary BT01 178 <0.05
Brook Trout 2014 Estuary BT01 382 <0.05
Brook Trout 2014 Tributary BT02 353 0.08
Brook Trout 2014 Estuary BT02 353 0.05
Brook Trout 2014 Tributary BT03 184 <0.05
Brook Trout 2014 Tributary BT03 168 0.08
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Study Area Fish Data Summary: Brook Trout

Species Year Location Sample ID Length (mm)
Total Mercury (THg)

Concentration
(mg/kg ww)

Methylmercury (MeHg)
Concentration

(ug/kg ww)

PUFA Concentration
(g/100g; ww)

Selenium
Concentration

(mg/kg ww)
Brook Trout 2014 Estuary BT03 366 <0.05
Brook Trout 2014 Tributary BT04 275 <0.05
Brook Trout 2014 Tributary BT04 139 <0.05
Brook Trout 2014 Estuary BT04 354 <0.05
Brook Trout 2014 Tributary BT05 228 0.07
Brook Trout 2014 Tributary BT05 205 0.07
Brook Trout 2014 Estuary BT05 371 <0.05
Brook Trout 2014 Estuary BT06 353 <0.05
Brook Trout 2014 Estuary BT07 403 0.06
Brook Trout 2014 Estuary BT08 378 0.07
Brook Trout 2014 Estuary BT09 407 <0.05
Brook Trout 2014 Estuary BT10 364 <0.05
Brook Trout 2014 Estuary BT106 301 <0.05
Brook Trout 2014 Estuary BT11 428 0.05
Brook Trout 2014 Estuary BT12 345 <0.05
Brook Trout 2014 Estuary BT13 368 0.1
Brook Trout 2014 Estuary BT14 170 <0.05
Brook Trout 2014 Estuary BT15 316 <0.05
Brook Trout 2014 Estuary BT16 260 0.05
Brook Trout 2014 Estuary BT17 262 <0.05
Brook Trout 2014 Estuary BT18 281 <0.05
Brook Trout 2014 Estuary BT19 265 <0.05
Brook Trout 2014 Estuary BT20 231 <0.05
Brook Trout 2014 Estuary BT21 213 <0.05
Brook Trout 2014 Estuary BT22 436 <0.05
Brook Trout 2014 Estuary BT23 351 <0.05
Brook Trout 2014 Estuary BT24 221 0.07
Brook Trout 2014 Estuary BT25 220 0.06
Brook Trout 2014 Estuary BT26 235 0.06
Brook Trout 2014 Estuary BT27 210 <0.05
Brook Trout 2014 Estuary BT28 280 <0.05
Brook Trout 2014 Estuary BT29 210 <0.05
Brook Trout 2014 Estuary BT30 232 <0.05
Brook Trout 2014 Estuary BT53 434 <0.05
Brook Trout 2014 Estuary BT54 309 <0.05
Brook Trout 2014 Estuary BT55 244 <0.05
Brook Trout 2014 Estuary BT56 306 <0.05
Brook Trout 2014 Estuary BT57 260 <0.05
Brook Trout 2014 Estuary BT58 315 <0.05
Brook Trout 2014 Estuary BT59 215 <0.05
Brook Trout 2014 Estuary BT60 253 <0.05
Brook Trout 2014 Estuary BT61 174 <0.05
Brook Trout 2014 Estuary BT62 180 <0.05
Brook Trout 2014 Estuary BT64 463 <0.05
Brook Trout 2014 Estuary BT65 382 0.08
Brook Trout 2014 Estuary BT66 381 <0.05
Brook Trout 2014 Estuary BT67 355 0.08
Brook Trout 2014 Estuary BT68 277 0.06
Brook Trout 2014 Estuary BT69 253 <0.05
Brook Trout 2014 Estuary BT70 240 <0.05
Brook Trout 2014 Estuary BT71 213 <0.05
Brook Trout 2014 Estuary BT72 224 <0.05
Brook Trout 2014 Estuary BT73 195 <0.05
Brook Trout 2014 Estuary BT74 206 <0.05
Brook Trout 2014 Estuary BT75 221 <0.05
Brook Trout 2014 Estuary BT76 203 <0.05
Brook Trout 2014 Estuary BT77 206 <0.05
Brook Trout 2014 Estuary BT78 180 <0.05
Brook Trout 2014 Estuary BT79 185 <0.05
Brook Trout 2014 Estuary BT82 314 <0.05
Brook Trout 2014 Estuary BT83 216 <0.05
Brook Trout 2014 Estuary BT85 426 <0.05
Brook Trout 1999 Estuary/Sandy Pt. NA 169 0.06
Brook Trout 1999 Estuary/Sandy Pt. NA 183 0.04
Brook Trout 1999 Estuary/Sandy Pt. NA 184 0.06
Brook Trout 1999 Estuary/Sandy Pt. NA 185 0.05
Brook Trout 1999 Estuary/Sandy Pt. NA 187 0.04
Brook Trout 1999 Estuary/Sandy Pt. NA 187 0.04
Brook Trout 1999 Estuary/Sandy Pt. NA 195 0.06
Brook Trout 1999 Estuary/Sandy Pt. NA 211 0.07
Brook Trout 1999 Estuary/Sandy Pt. NA 222 0.14

CIMFP Exhibit P-00271 - Appendix O - 44 Page 284



Study Area Fish Data Summary: Brook Trout

Species Year Location Sample ID Length (mm)
Total Mercury (THg)

Concentration
(mg/kg ww)

Methylmercury (MeHg)
Concentration

(ug/kg ww)

PUFA Concentration
(g/100g; ww)

Selenium
Concentration

(mg/kg ww)
Brook Trout 1999 Estuary/Sandy Pt. NA 225 0.08
Brook Trout 1999 Estuary/Sandy Pt. NA 238 0.14
Brook Trout 1999 Estuary/Sandy Pt. NA 280 0.14
Brook Trout 1999 Gull Lake NA 143 0.03
Brook Trout 1999 Gull Lake NA 152 0.06
Brook Trout 1999 Gull Lake NA 155 0.04
Brook Trout 1999 Gull Lake NA 159 0.05
Brook Trout 1999 Gull Lake NA 161 0.04
Brook Trout 1999 Gull Lake NA 162 0.04
Brook Trout 1999 Gull Lake NA 162 0.09
Brook Trout 1999 Gull Lake NA 162 0.05
Brook Trout 1999 Gull Lake NA 165 0.06
Brook Trout 1999 Gull Lake NA 166 0.03
Brook Trout 1999 Gull Lake NA 173 0.08
Brook Trout 1999 Gull Lake NA 173 0.03
Brook Trout 1999 Gull Lake NA 176 0.04
Brook Trout 1999 Gull Lake NA 182 0.05
Brook Trout 1999 Gull Lake NA 183 0.09
Brook Trout 1999 Gull Lake NA 185 0.04
Brook Trout 1999 Gull Lake NA 192 0.12
Brook Trout 1999 Gull Lake NA 198 0.05
Brook Trout 1999 Gull Lake NA 201 0.07
Brook Trout 1999 Gull Lake NA 211 0.13
Brook Trout 1999 Gull Lake NA 214 0.06
Brook Trout 1999 Gull Lake NA 234 0.07
Brook Trout 1999 Gull Lake NA 238 0.05
Brook Trout 1999 Gull Lake NA 250 0.05
Brook Trout 1999 Gull Lake NA 260 0.16
Brook Trout 1999 Gull Lake NA 280 0.12
Brook Trout 2004 Gull Lake NA 42 0.092
Brook Trout 2004 Gull Lake NA 110 0.041
Brook Trout 2004 Gull Lake NA 112 0.025
Brook Trout 2004 Gull Lake NA 113 0.025
Brook Trout 2004 Gull Lake NA 113 0.033
Brook Trout 2004 Gull Lake NA 115 0.028
Brook Trout 2004 Gull Lake NA 121 0.02
Brook Trout 2004 Gull Lake NA 123 0.043
Brook Trout 2004 Gull Lake NA 128 0.045
Brook Trout 2004 Gull Lake NA 133 0.046
Brook Trout 2004 Gull Lake NA 237 0.19
Brook Trout 2004 Gull Lake NA 245 0.11
Brook Trout 2004 Gull Lake NA 296 0.089
Brook Trout 2004 Gull Lake NA 332 0.1
Brook Trout 2004 Gull Lake NA 357 0.16
Brook Trout 2010 Winokapau Lake NA 180 0.02
Brook Trout 2010 Winokapau Lake NA 205 0.04
Brook Trout 2010 Winokapau Lake NA 210 0.03
Brook Trout 2010 Winokapau Lake NA 218 0.05
Brook Trout 2010 Winokapau Lake NA 240 0.13
Brook Trout 2010 Winokapau Lake NA 245 0.03
Brook Trout 2010 Winokapau Lake NA 285 0.12
Brook Trout 2010 Winokapau Lake NA 300 0.13
Brook Trout 2010 Winokapau Lake NA 300 0.03
Brook Trout 2010 Winokapau Lake NA 350 0.05
Brook Trout 2010 Winokapau Lake NA 360 0.05
Brook Trout 2010 Winokapau Lake NA 380 0.13

340 340 4 4 4
478 0.44 258 0.8 0
42 0.02 91.5 0.33 0

147 0 0 4
43% 0% 0% 100%
193 4 4 0
57% 100% 100% 0%

0 NC NC NC

0% NC NC NC

4 NC NC NC

1% NC NC NC

3 NC NC NC

Number of Samples (N)

% of Samples with Non-Detectable THg Concentrations (<RDL)a

Detection Frequency - # of Samples with THg Concentrations >RDLa

Detection Frequency - % of Samples with THg Concentrations >RDLa

# of Samples with THg Concentrations Exceeding U.S. EPA Fish Tissue Criterion for
Consumers of Non-Commercial Freshwater/Estuarine Fish (0.3 mg/kg ww)

# of Samples with THg Concentrations Exceeding Health Canada (CFIA) Action Level
for Mercury in Fish and Fish Products (0.5 mg/kg ww)

Maximum
Minimum

Number of Samples with Non-Detectable THg Concentrations (<RDL)a

Exceedance Frequency - % of samples >0.5 mg/kg ww
# of Samples with THg Concentrations Exceeding Health Canada Advisory Level for

Subsistence Consumers of 0.2 mg/kg ww
Exceedance Frequency - % of samples >0.2 mg/kg ww
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Study Area Fish Data Summary: Brook Trout

Species Year Location Sample ID Length (mm)
Total Mercury (THg)

Concentration
(mg/kg ww)

Methylmercury (MeHg)
Concentration

(ug/kg ww)

PUFA Concentration
(g/100g; ww)

Selenium
Concentration

(mg/kg ww)
1% NC NC NC

0.07
0.07

NA = not available as not reported in Stantec (2010).
PUFA = polyunsaturated fatty acids.
NC = not calculated as not relevant to the noted exceedance.
CFIA = Canadian Food Inspection Agency.
ww = wet weight.
RDL = reported detection limit.
EPC = exposure point concentration.
UCLM95 = upper 95% confidence limit on arithmetic mean.
"<" denotes that concentration is less than the RDL.

a. Only samples from the AMEC aquatic Environmental Effects Monitoring (EEM) dataset could be used to determine the number of samples with THg concentrations less than the laboratory's
RDL, as the data compiled by Stantec (2010) did not report RDLs or otherwise differentiate between non-detectable and detectable concentrations.  It was assumed that all concentrations
reported in Stantec (2010) were at or above the RDL and that all samples with concentrations less than the RDL had been assumed to be present at concentrations equal to the RDL value.

Exceedance Frequency - % of samples >0.3 mg/kg ww

NOTES:

95% Student's-t UCL
UCLM95-based EPC

95% Modified-t UCL
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Study Area Fish Data Summary: Lake Trout

Species Year Location Sample ID Length (mm)
Total Mercury (THg) Concentration

(mg/kg ww)

Methylmercury (MeHg)
Concentration

(ug/kg ww)

PUFA Concentration
(g/100g; ww)

Selenium Concentration
(mg/kg ww)

Lake trout 1999 Winokapau Lake NA 246 0.23
Lake trout 1999 Winokapau Lake NA 248 0.28
Lake trout 1999 Winokapau Lake NA 258 0.21
Lake trout 1999 Winokapau Lake NA 365 0.44
Lake trout 1999 Winokapau Lake NA 372 0.71
Lake trout 1999 Winokapau Lake NA 373 0.37
Lake trout 1999 Winokapau Lake NA 381 0.49
Lake trout 1999 Winokapau Lake NA 415 0.58
Lake trout 1999 Winokapau Lake NA 418 0.49
Lake trout 1999 Winokapau Lake NA 581 0.51

10 10 0 0 0
581 0.71 0 0 0
246 0.21 0 0 0

0 0 0 0
0% NC NC NC
10 0 0 0

100% NC NC NC

3 NC NC NC

30% NC NC NC

10 NC NC NC

100% NC NC NC

7 NC NC NC

70% NC NC NC
0.52

NA = not available as not reported in Stantec (2010).
PUFA = polyunsaturated fatty acids.
NC = not calculated as not relevant to the noted exceedance.
CFIA = Canadian Food Inspection Agency.
ww = wet weight.
RDL = reported detection limit.
EPC = exposure point concentration.
UCLM95 = upper 95% confidence limit on arithmetic mean.
"<" denotes that concentration is less than the RDL.

UCLM95-based EPC
NOTES:

a. Only samples from the AMEC aquatic Environmental Effects Monitoring (EEM) dataset could be used to determine the number of samples with THg concentrations less than the laboratory's RDL, as the data compiled by
Stantec (2010) did not report RDLs or otherwise differentiate between non-detectable and detectable concentrations.  It was assumed that all concentrations reported in Stantec (2010) were at or above the RDL and that all
samples with concentrations less than the RDL had been assumed to be present at concentrations equal to the RDL value.

95% Student's-t UCL

% of Samples with Non-Detectable THg Concentrations (<RDL)a

Detection Frequency - # of Samples with THg Concentrations >RDLa

Detection Frequency - % of Samples with THg Concentrations >RDLa

# of Samples with THg Concentrations Exceeding Health Canada (CFIA) Action Level for Mercury in
Fish and Fish Products (0.5 mg/kg ww)

Exceedance Frequency - % of samples >0.5 mg/kg ww
# of Samples with THg Concentrations Exceeding Health Canada Advisory Level for Subsistence

Consumers of 0.2 mg/kg ww

# of Samples with THg Concentrations Exceeding U.S. EPA Fish Tissue Criterion for Consumers of
Non-Commercial Freshwater/Estuarine Fish (0.3 mg/kg ww)

Exceedance Frequency - % of samples >0.3 mg/kg ww

Number of Sample(s) (N)
Maximum
Minimum

Number of Samples with Non-Detectable THg Concentrations (<RDL)a

Exceedance Frequency - % of samples >0.2 mg/kg ww
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Study Area Fish Data Summary: Burbot

Species Year Location Sample ID Length (mm)
Total Mercury (THg)

Concentration
(mg/kg ww)

Methylmercury (MeHg)
Concentration

(ug/kg ww)

PUFA Concentration
(g/100g; ww)

Selenium Concentration
(mg/kg ww)

Burbot 2010 Gull Lake NA 421 0.1
Burbot 2010 Gull Lake NA 620 0.28
Burbot 2010 Gull Lake NA 505 0.14
Burbot 2010 Gull Lake NA 440 0.06
Burbot 2010 Gull Lake NA 485 0.06
Burbot 2010 Gull Lake NA 267 0.08
Burbot 2010 Gull Lake NA 455 0.16
Burbot 2010 Gull Lake NA 563 0.2
Burbot 2010 Gull Lake NA 430 0.17
Burbot 2010 Gull Lake NA 463 0.05
Burbot 2010 Gull Lake NA 473 0.05
Burbot 2010 Gull Lake NA 514 0.06
Burbot 2010 Gull Lake NA 256 0.03
Burbot 2010 Gull Lake NA 305 0.06
Burbot 2010 Gull Lake NA 440 0.07
Burbot 2010 Gull Lake NA 590 0.11
Burbot 2010 Gull Lake NA 369 0.15
Burbot 2010 Gull Lake NA 394 0.27
Burbot 2010 Gull Lake NA 525 0.06
Burbot 2010 Gull Lake NA 642 0.44
Burbot 2010 Gull Lake NA 490 0.05
Burbot 2010 Gull Lake NA 460 0.12
Burbot 2010 Gull Lake NA 408 0.13
Burbot 2010 Gull Lake NA 565 0.16
Burbot 2010 Gull Lake NA 569 0.14
Burbot 2010 Gull Lake NA 325 0.08
Burbot 2010 Gull Lake NA 625 0.21
Burbot 2011 CR NA 610 0.46
Burbot 2012 CR NA 395 0.17

29 29 0 0 0
642 0.46 0 0 0
256 0.03 0 0 0

0 0 0 0
0% NC NC NC
29 0 0 0

100% NC NC NC

0 NC NC NC

0% NC NC NC

5 NC NC NC

17% NC NC NC

2 NC NC NC

7% NC NC NC
0.18

NA = not available as not reported in Stantec (2010).
PUFA = polyunsaturated fatty acids.
NC = not calculated as not relevant to the noted exceedance.
CR = Churchill River.
CFIA = Canadian Food Inspection Agency.
ww = wet weight.
RDL = reported detection limit.
EPC = exposure point concentration.
UCLM95 = upper 95% confidence limit on arithmetic mean.
"<" denotes that concentration is less than the RDL.

# of Samples with THg Concentrations Exceeding U.S. EPA Fish Tissue Criterion for Consumers
of Non-Commercial Freshwater/Estuarine Fish (0.3 mg/kg ww)

Number of Sample(s) (N)
Maximum
Minimum

a. Only samples from the AMEC aquatic Environmental Effects Monitoring (EEM) dataset could be used to determine the number of samples with THg concentrations less than the laboratory's RDL, as the data compiled
by Stantec (2010) did not report RDLs or otherwise differentiate between non-detectable and detectable concentrations.  It was assumed that all concentrations reported in Stantec (2010) were at or above the RDL and
that all samples with concentrations less than the RDL had been assumed to be present at concentrations equal to the RDL value.

Number of Samples with Non-Detectable THg Concentrations (<RDL)a

Exceedance Frequency - % of samples >0.2 mg/kg ww

UCLM95-based EPC
Exceedance Frequency - % of samples >0.3 mg/kg ww

NOTES:
95% Adjusted Gamma UCL

% of Samples with Non-Detectable THg Concentrations (<RDL)a

Detection Frequency - # of Samples with THg Concentrations >RDLa

Detection Frequency - % of Samples with THg Concentrations >RDLa

# of Samples with THg Concentrations Exceeding Health Canada (CFIA) Action Level for
Mercury in Fish and Fish Products (0.5 mg/kg ww)

Exceedance Frequency - % of samples >0.5 mg/kg ww
# of Samples with THg Concentrations Exceeding Health Canada Advisory Level for Subsistence

Consumers of 0.2 mg/kg ww
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Study Area Fish Data Summary: Combined Salmon and Ouananiche

Species Year Location Sample ID Length (mm)
Total Mercury (THg)

Concentration
(mg/kg ww)

Methylmercury (MeHg)
Concentration

(ug/kg ww)

PUFA Concentration
(g/100g; ww)

Selenium
Concentration
(mg/kg ww)

Atlantic Salmon 2015 Estuary AS01 569 <0.05 62.5 1.18 <1
Atlantic salmon 2015 Estuary 0.14
Atlantic salmon 2015 Estuary 0.061
Atlantic salmon 2015 Estuary 0.088
Atlantic salmon 2015 Estuary 0.12
Atlantic salmon 2015 Estuary 0.16
Atlantic salmon 2015 Estuary 0.12
Atlantic salmon 2015 Estuary 0.13
Atlantic salmon 2015 Estuary 0.046
Atlantic salmon 2015 Estuary 0.086
Atlantic salmon 2015 Estuary 0.082
Atlantic salmon 2015 Estuary 0.16
Atlantic salmon 2015 Estuary 0.15
Atlantic salmon 2015 Estuary 0.077
Atlantic salmon 2015 Estuary 0.095
Atlantic salmon 2015 Estuary 0.099
Atlantic salmon 2015 Estuary 0.073
Atlantic salmon 2015 Estuary 0.028
Atlantic salmon 2015 Estuary 0.082
Atlantic salmon 2015 Estuary 0.041
Atlantic salmon 2015 Estuary 0.098
Atlantic salmon 2015 Estuary 0.028
Atlantic salmon 2015 Estuary 0.15
Atlantic salmon 2015 Estuary 0.098
Atlantic Salmon 2012 Mainstem Slow AS01 489 0.11

Ouananiche 1999 Lake Winokapau NA 274 0.09
Ouananiche 1999 Lake Winokapau NA 280 0.07
Ouananiche 1999 Lake Winokapau NA 289 0.11
Ouananiche 1999 Lake Winokapau NA 292 0.08
Ouananiche 1999 Lake Winokapau NA 299 0.12
Ouananiche 1999 Lake Winokapau NA 310 0.07
Ouananiche 1999 Lake Winokapau NA 312 0.07
Ouananiche 1999 Lake Winokapau NA 319 0.08
Ouananiche 1999 Lake Winokapau NA 325 0.07
Ouananiche 1999 Lake Winokapau NA 328 0.08
Ouananiche 1999 Lake Winokapau NA 332 0.12
Ouananiche 1999 Lake Winokapau NA 345 0.11
Ouananiche 1999 Lake Winokapau NA 359 0.17
Ouananiche 1999 Lake Winokapau NA 384 0.17
Ouananiche 1999 Lake Winokapau NA 415 0.09
Ouananiche 1999 Lake Winokapau NA 425 0.18
Ouananiche 1999 Lake Winokapau NA 456 0.46
Ouananiche 1999 Lake Winokapau NA 456 0.3
Ouananiche 1999 Lake Winokapau NA 471 0.3

21 44 1 1 1
569 0.46 62.5 1.18 0
274 0.028 62.5 1.18 0

1 0 0 1
2% 0% 0% 100%
43 1 1 0

98% 100% 100% 0%

0 NC NC NC

0% NC NC NC

3 NC NC NC

7% NC NC NC

1 NC NC NC

2% NC NC NC
0.14

NA = not available as not reported in Stantec (2010).
PUFA = polyunsaturated fatty acids.
NC = not calculated as not relevant to the noted exceedance.
CFIA = Canadian Food Inspection Agency.
ww = wet weight.
RDL = reported detection limit.
EPC = exposure point concentration.
UCLM95 = upper 95% confidence limit on arithmetic mean.
"<" denotes that concentration is less than the RDL.

a. Only samples from the AMEC aquatic Environmental Effects Monitoring (EEM) dataset could be used to determine the number of samples with THg concentrations less than the laboratory's
RDL, as the data compiled by Stantec (2010) did not report RDLs or otherwise differentiate between non-detectable and detectable concentrations.  It was assumed that all concentrations
reported in Stantec (2010) were at or above the RDL and that all samples with concentrations less than the RDL had been assumed to be present at concentrations equal to the RDL value.

Number of Samples with Non-Detectable THg Concentrations (<RDL)a

Exceedance Frequency - % of samples >0.2 mg/kg ww

UCLM95-based EPC

# of Samples with THg Concentrations Exceeding U.S. EPA Fish Tissue Criterion for
Consumers of Non-Commercial Freshwater/Estuarine Fish (0.3 mg/kg ww)

Exceedance Frequency - % of samples >0.3 mg/kg ww
95% Adjusted Gamma UCL

% of Samples with Non-Detectable THg Concentrations (<RDL)a

Detection Frequency - # of Samples with THg Concentrations >RDLa

Detection Frequency - % of Samples with THg Concentrations >RDLa

# of Samples with THg Concentrations Exceeding Health Canada (CFIA) Action Level
for Mercury in Fish and Fish Products (0.5 mg/kg ww)
Exceedance Frequency - % of samples >0.5 mg/kg ww

# of Samples with THg Concentrations Exceeding Health Canada Advisory Level for
Subsistence Consumers of 0.2 mg/kg ww

Number of Sample(s) (N)
Maximum
Minimum

NOTES:
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Study Area Fish Data Summary: Atlantic Salmon

Species Year Location Sample ID Length (mm)
Total Mercury (THg)

Concentration
(mg/kg ww)

Methylmercury (MeHg)
Concentration

(ug/kg ww)

PUFA Concentration
(g/100g; ww)

Selenium
Concentration
(mg/kg ww)

Atlantic Salmon 2015 Estuary AS01 569 <0.05 62.5 1.18 <1
Atlantic salmon 2015 Estuary 0.14
Atlantic salmon 2015 Estuary 0.061
Atlantic salmon 2015 Estuary 0.088
Atlantic salmon 2015 Estuary 0.12
Atlantic salmon 2015 Estuary 0.16
Atlantic salmon 2015 Estuary 0.12
Atlantic salmon 2015 Estuary 0.13
Atlantic salmon 2015 Estuary 0.046
Atlantic salmon 2015 Estuary 0.086
Atlantic salmon 2015 Estuary 0.082
Atlantic salmon 2015 Estuary 0.16
Atlantic salmon 2015 Estuary 0.15
Atlantic salmon 2015 Estuary 0.077
Atlantic salmon 2015 Estuary 0.095
Atlantic salmon 2015 Estuary 0.099
Atlantic salmon 2015 Estuary 0.073
Atlantic salmon 2015 Estuary 0.028
Atlantic salmon 2015 Estuary 0.082
Atlantic salmon 2015 Estuary 0.041
Atlantic salmon 2015 Estuary 0.098
Atlantic salmon 2015 Estuary 0.028
Atlantic salmon 2015 Estuary 0.15
Atlantic salmon 2015 Estuary 0.098
Atlantic Salmon 2012 Mainstem Slow AS01 489 0.11

2 25 1 1 1
569 0.16 62.5 1.18 0
489 0.028 62.5 1.18 0

1 0 0 1
4% 0% 0% 100%
24 1 1 0

96% 100% 100% 0%

0 NC NC NC

0% NC NC NC

0 NC NC NC

0% NC NC NC

0 NC NC NC

0% NC NC NC
0.11

NA = not available as not reported in Stantec (2010).
PUFA = polyunsaturated fatty acids.
NC = not calculated as not relevant to the noted exceedance.
CFIA = Canadian Food Inspection Agency.
ww = wet weight.
RDL = reported detection limit.
EPC = exposure point concentration.
UCLM95 = upper 95% confidence limit on arithmetic mean.
"<" denotes that concentration is less than the RDL.

field ID and length data not
available as these samples were

provided to AMEC by a local
contact

Number of Samples with Non-Detectable THg Concentrations (<RDL)a

% of Samples with Non-Detectable THg Concentrations (<RDL)a

Exceedance Frequency - % of samples >0.5 mg/kg ww

# of Samples with THg Concentrations Exceeding Health Canada Advisory Level for Subsistence
Consumers of 0.2 mg/kg ww

Number of Sample(s) (N)
Maximum
Minimum

a. Only samples from the AMEC aquatic Environmental Effects Monitoring (EEM) dataset could be used to determine the number of samples with THg concentrations less than the laboratory's RDL, as the data
compiled by Stantec (2010) did not report RDLs or otherwise differentiate between non-detectable and detectable concentrations.  It was assumed that all concentrations reported in Stantec (2010) were at or
above the RDL and that all samples with concentrations less than the RDL had been assumed to be present at concentrations equal to the RDL value.

# of Samples with THg Concentrations Exceeding U.S. EPA Fish Tissue Criterion for Consumers of Non-
Commercial Freshwater/Estuarine Fish (0.3 mg/kg ww)
Exceedance Frequency - % of samples >0.3 mg/kg ww

NOTES:

Detection Frequency - # of Samples with THg Concentrations >RDLa

Detection Frequency - % of Samples with THg Concentrations >RDLa

# of Samples with THg Concentrations Exceeding Health Canada (CFIA) Action Level for Mercury in
Fish and Fish Products (0.5 mg/kg ww)

UCLM95-based EPC 95% Student's-t UCL

Exceedance Frequency - % of samples >0.2 mg/kg ww
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Study Area Fish Data Summary: Ouananiche

Species Year Location Sample ID Length (mm)
Total Mercury (THg)

Concentration
(mg/kg ww)

Methylmercury (MeHg)
Concentration

(ug/kg ww)

PUFA Concentration (g/100g;
ww)

Selenium Concentration
(mg/kg ww)

Ouananiche 1999 Lake Winokapau NA 274 0.09
Ouananiche 1999 Lake Winokapau NA 280 0.07
Ouananiche 1999 Lake Winokapau NA 289 0.11
Ouananiche 1999 Lake Winokapau NA 292 0.08
Ouananiche 1999 Lake Winokapau NA 299 0.12
Ouananiche 1999 Lake Winokapau NA 310 0.07
Ouananiche 1999 Lake Winokapau NA 312 0.07
Ouananiche 1999 Lake Winokapau NA 319 0.08
Ouananiche 1999 Lake Winokapau NA 325 0.07
Ouananiche 1999 Lake Winokapau NA 328 0.08
Ouananiche 1999 Lake Winokapau NA 332 0.12
Ouananiche 1999 Lake Winokapau NA 345 0.11
Ouananiche 1999 Lake Winokapau NA 359 0.17
Ouananiche 1999 Lake Winokapau NA 384 0.17
Ouananiche 1999 Lake Winokapau NA 415 0.09
Ouananiche 1999 Lake Winokapau NA 425 0.18
Ouananiche 1999 Lake Winokapau NA 456 0.46
Ouananiche 1999 Lake Winokapau NA 456 0.3
Ouananiche 1999 Lake Winokapau NA 471 0.3

19 19 0 0 0
471 0.46 0 0 0
274 0.07 0 0 0

0 0 0 0
0% NC NC NC
19 0 0 0

100% NC NC NC

0 NC NC NC

0% NC NC NC

3 NC NC NC

16% NC NC NC

1 NC NC NC

5% NC NC NC
0.19

NA = not available as not reported in Stantec (2010).
PUFA = polyunsaturated fatty acids.
NC = not calculated as not relevant to the noted exceedance.
CFIA = Canadian Food Inspection Agency.
ww = wet weight.
RDL = reported detection limit.
EPC = exposure point concentration.
UCLM95 = upper 95% confidence limit on arithmetic mean.
"<" denotes that concentration is less than the RDL.

UCLM95-based EPC
NOTES:
a. Only samples from the AMEC aquatic Environmental Effects Monitoring (EEM) dataset could be used to determine the number of samples with THg concentrations less than the laboratory's RDL, as the data compiled by
Stantec (2010) did not report RDLs or otherwise differentiate between non-detectable and detectable concentrations.  It was assumed that all concentrations reported in Stantec (2010) were at or above the RDL and that
all samples with concentrations less than the RDL had been assumed to be present at concentrations equal to the RDL value.

95% H-UCL

% of Samples with Non-Detectable THg Concentrations (<RDL)a

Detection Frequency - # of Samples with THg Concentrations >RDLa

Detection Frequency - % of Samples with THg Concentrations >RDLa

# of Samples with THg Concentrations Exceeding Health Canada (CFIA) Action Level for Mercury
in Fish and Fish Products (0.5 mg/kg ww)

Exceedance Frequency - % of samples >0.5 mg/kg ww
# of Samples with THg Concentrations Exceeding Health Canada Advisory Level for Subsistence

Consumers of 0.2 mg/kg ww

# of Samples with THg Concentrations Exceeding U.S. EPA Fish Tissue Criterion for Consumers of
Non-Commercial Freshwater/Estuarine Fish (0.3 mg/kg ww)

Exceedance Frequency - % of samples >0.3 mg/kg ww

Number of Sample(s) (N)
Maximum
Minimum

Number of Samples with Non-Detectable THg Concentrations (<RDL)a

Exceedance Frequency - % of samples >0.2 mg/kg ww
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Study Area Fish Data Summary: Rainbow Smelt

Species Year Location Sample ID Length (mm)
Total Mercury (THg)

Concentration
(mg/kg ww)

Methylmercury (MeHg)
Concentration

(ug/kg ww)

PUFA Concentration
(g/100g; ww)

Selenium
Concentration

(mg/kg ww)
Rainbow Smelt 2015 Estuary RS01 140 <0.05
Rainbow Smelt 2015 Estuary RS02 136 <0.05
Rainbow Smelt 2015 Estuary RS03 163 <0.05
Rainbow Smelt 2015 Estuary RS04 179 <0.05
Rainbow Smelt 2015 Estuary RS05 177 <0.05
Rainbow Smelt 2015 Estuary RS06 187 <0.05
Rainbow Smelt 2015 Estuary RS07 177 <0.05
Rainbow Smelt 2015 Estuary RS08 169 <0.05
Rainbow Smelt 2015 Estuary RS09 170 0.06
Rainbow Smelt 2015 Estuary RS10 173 <0.05
Rainbow Smelt 2015 Estuary RS11 155 <0.05
Rainbow Smelt 2015 Estuary RS12 142 <0.05
Rainbow Smelt 1999 Estuary 99ERS008 207 0.19
Rainbow Smelt 1999 Estuary 99ERS009 218 0.18
Rainbow Smelt 1999 Estuary 99ERS011 215 0.23
Rainbow Smelt 1999 Estuary 99ERS014 225 0.19
Rainbow Smelt 1999 Estuary 99ERS016 185 0.14
Rainbow Smelt 1999 Estuary 99ERS017 255 0.15
Rainbow Smelt 1999 Estuary NA 234 0.25
Rainbow Smelt 1999 Estuary NA 171 0.13
Rainbow Smelt 1999 Estuary NA 220 0.27
Rainbow Smelt 1999 Estuary 99ERS020 174 0.1
Rainbow Smelt 1999 Estuary 99ERS024 165 0.1
Rainbow Smelt 1999 Estuary 99ERS029 177 0.22
Rainbow Smelt 1999 Estuary 99ERS030 215 0.29
Rainbow Smelt 1999 Estuary 99ERS032 163 0.11
Rainbow Smelt 1999 Estuary 99ERS033 210 0.13
Rainbow Smelt 1999 Estuary 99ERS034 183 0.08
Rainbow Smelt 1999 Estuary 99ERS035 196 0.18
Rainbow Smelt 1999 Estuary 99ERS036 185 0.19
Rainbow Smelt 1999 Estuary 99ERS037 190 0.11
Rainbow Smelt 1999 Estuary 99ERS038 181 0.16
Rainbow Smelt 1999 Estuary 99ERS040 213 0.2
Rainbow Smelt 1999 Estuary 99ERS041 215 0.2
Rainbow Smelt 1999 Estuary 99ERS042 193 0.13
Rainbow Smelt 1999 Estuary 99ERS043 180 0.11
Rainbow Smelt 1999 Estuary 99ERS044 193 0.12
Rainbow Smelt 1999 Estuary 99ERS045 205 0.25
Rainbow Smelt 1999 Estuary 99ERS046 200 0.27
Rainbow Smelt 1999 Estuary 99ERS048 203 0.31
Rainbow Smelt 1999 Estuary 99ERS050 220 0.22
Rainbow Smelt 2011 Estuary RS01 195 0.1
Rainbow Smelt 2011 Estuary RS02 184 0.11
Rainbow Smelt 2011 Estuary RS03 174 0.09
Rainbow Smelt 2011 Estuary RS04 179 0.11
Rainbow Smelt 2011 Estuary RS05 196 0.11
Rainbow Smelt 2011 Estuary RS06 161 0.05
Rainbow Smelt 2011 Estuary RS07 127 0.06
Rainbow Smelt 2011 Estuary RS08 140 0.03
Rainbow Smelt 2011 Estuary RS09 150 0.05
Rainbow Smelt 2011 Estuary RS10 110 0.04
Rainbow Smelt 2011 Estuary RS11 116 0.05
Rainbow Smelt 2011 Estuary RS12 184 0.09
Rainbow Smelt 2011 Estuary RS13 200 0.12
Rainbow Smelt 2011 Estuary RS14 185 0.08
Rainbow Smelt 2011 Estuary RS15 165 0.05
Rainbow Smelt 2011 Estuary RS16 192 0.06
Rainbow Smelt 2011 Estuary RS17 232 0.22
Rainbow Smelt 2011 Estuary RS18 164 0.07
Rainbow Smelt 2011 Estuary RS19 156 0.08
Rainbow Smelt 2011 Estuary RS20 185 0.07
Rainbow Smelt 2011 Estuary RS21 150 0.05
Rainbow Smelt 2011 Estuary RS22 169 0.12
Rainbow Smelt 2011 Estuary RS23 146 0.04
Rainbow Smelt 2011 Estuary RS24 179 0.14
Rainbow Smelt 2011 Estuary RS25 245 0.2
Rainbow Smelt 2011 Estuary RS26 178 0.09
Rainbow Smelt 2011 Estuary RS27 184 0.08
Rainbow Smelt 2011 Estuary RS28 94 0.04
Rainbow Smelt 2011 Estuary RS29 226 0.13
Rainbow Smelt 2011 Estuary RS30 144 0.05
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Study Area Fish Data Summary: Rainbow Smelt

Species Year Location Sample ID Length (mm)
Total Mercury (THg)

Concentration
(mg/kg ww)

Methylmercury (MeHg)
Concentration

(ug/kg ww)

PUFA Concentration
(g/100g; ww)

Selenium
Concentration

(mg/kg ww)
Rainbow Smelt 2011 Estuary RS59 190 0.1
Rainbow Smelt 2013 Estuary RS01 166 0.08
Rainbow Smelt 2013 Estuary RS02 171 0.07
Rainbow Smelt 2013 Estuary RS03 162 0.12
Rainbow Smelt 2013 Estuary RS04 145 0.09
Rainbow Smelt 2013 Estuary RS04A 154 0.07
Rainbow Smelt 2013 Estuary RS06 149 <0.05
Rainbow Smelt 2013 Estuary RS07 113 <0.05
Rainbow Smelt 2013 Estuary RS08 160 <0.05
Rainbow Smelt 2013 Estuary RS09 134 <0.05
Rainbow Smelt 2013 Estuary RS10 159 0.05
Rainbow Smelt 2013 Estuary RS11 186 <0.05
Rainbow Smelt 2013 Estuary RS12 164 0.06
Rainbow Smelt 2013 Estuary RS13 194 0.07
Rainbow Smelt 2013 Estuary RS14 169 0.11
Rainbow Smelt 2013 Estuary RS15 216 0.13
Rainbow Smelt 2013 Estuary RS16 206 0.06
Rainbow Smelt 2013 Estuary RS17 166 <0.05
Rainbow Smelt 2013 Estuary RS18 154 0.06
Rainbow Smelt 2013 Estuary RS19 115 <0.05
Rainbow Smelt 2013 Estuary RS20 156 <0.05
Rainbow Smelt 2013 Estuary RS21 163 <0.05
Rainbow Smelt 2013 Estuary RS22 108 <0.05
Rainbow Smelt 2013 Estuary RS23 233 0.12
Rainbow Smelt 2013 Estuary RS24 207 0.14
Rainbow Smelt 2013 Estuary RS25 176 0.06
Rainbow Smelt 2013 Estuary RS26 163 <0.05
Rainbow Smelt 2013 Estuary RS27 118 <0.05
Rainbow Smelt 2013 Estuary RS28 198 0.09
Rainbow Smelt 2013 Estuary RS29 206 0.1
Rainbow Smelt 2013 Estuary RS30 199 0.09
Rainbow Smelt 2013 Estuary RS31 205 0.12
Rainbow Smelt 2013 Estuary RS32 180 0.11
Rainbow Smelt 2013 Estuary RS33 171 <0.05
Rainbow Smelt 2013 Estuary RS34 187 0.06
Rainbow Smelt 2013 Estuary RS35 175 <0.05
Rainbow Smelt 2013 Estuary RS36 162 <0.05
Rainbow Smelt 2013 Estuary RS37 129 0.12
Rainbow Smelt 2013 Estuary RS38 157 0.06
Rainbow Smelt 2013 Estuary RS39 150 0.15
Rainbow Smelt 2013 Estuary RS40 215 0.05
Rainbow Smelt 2013 Estuary RS41 214 0.13
Rainbow Smelt 2013 Estuary RS42 187 0.09
Rainbow Smelt 2014 Estuary RS01 211 0.13
Rainbow Smelt 2014 Estuary RS02 203 0.06
Rainbow Smelt 2014 Estuary RS03 170 0.07
Rainbow Smelt 2014 Estuary RS03 235 0.11
Rainbow Smelt 2014 Estuary RS04 187 0.06
Rainbow Smelt 2014 Estuary RS05 173 <0.05
Rainbow Smelt 2014 Estuary RS06 196 <0.05
Rainbow Smelt 2014 Estuary RS07 212 0.1
Rainbow Smelt 2014 Estuary RS08 187 0.06
Rainbow Smelt 2014 Estuary RS09 187 <0.05
Rainbow Smelt 2014 Estuary RS10 193 0.09
Rainbow Smelt 2014 Estuary RS11 <0.05
Rainbow Smelt 2014 Estuary RS12 193 0.07
Rainbow Smelt 2014 Estuary RS13 171 <0.05
Rainbow Smelt 2014 Estuary RS14 177 0.11
Rainbow Smelt 2014 Estuary RS15 165 <0.05
Rainbow Smelt 2014 Estuary RS16 158 <0.05
Rainbow Smelt 2014 Estuary RS25 192 0.07
Rainbow Smelt 2014 Estuary RS26 213 0.1
Rainbow Smelt 2014 Estuary RS27 217 0.09
Rainbow Smelt 2014 Estuary RS28 170 <0.05
Rainbow Smelt 2014 Estuary RS29 170 0.07
Rainbow Smelt 2014 Estuary RS30 178 0.06
Rainbow Smelt 2014 Estuary RS31 174 <0.05
Rainbow Smelt 2014 Estuary RS32 160 0.06
Rainbow Smelt 2014 Estuary RS33 176 <0.05
Rainbow Smelt 2014 Estuary RS34 166 <0.05
Rainbow Smelt 2014 Estuary RS35 196 0.06
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Study Area Fish Data Summary: Rainbow Smelt

Species Year Location Sample ID Length (mm)
Total Mercury (THg)

Concentration
(mg/kg ww)

Methylmercury (MeHg)
Concentration

(ug/kg ww)

PUFA Concentration
(g/100g; ww)

Selenium
Concentration

(mg/kg ww)
141 142 0 0 0
255 0.31 0 0 0
94 0.03 0 0 0

37 0 0 0
26% NC NC NC
105 0 0 0
74% NC NC NC

0 NC NC NC

0% NC NC NC

10 NC NC NC

7% NC NC NC

1 NC NC NC

1% NC NC NC
0.12

NA = not available as not reported in Stantec (2010).
PUFA = polyunsaturated fatty acids.
NC = not calculated as not relevant to the noted exceedance.
CFIA = Canadian Food Inspection Agency.
ww = wet weight.
RDL = reported detection limit.
EPC = exposure point concentration.
UCLM95 = upper 95% confidence limit on arithmetic mean.
"<" denotes that concentration is less than the RDL.

% of Samples with Non-Detectable THg Concentrations (<RDL)a

Detection Frequency - # of Samples with THg Concentrations >RDLa

Detection Frequency - % of Samples with THg Concentrations >RDLa

# of Samples with THg Concentrations Exceeding Health Canada (CFIA) Action Level
for Mercury in Fish and Fish Products (0.5 mg/kg ww)

Number of Sample(s) (N)
Maximum
Minimum

Number of Samples with Non-Detectable THg Concentrations (<RDL)a

NOTES:

a. Only samples from the AMEC aquatic Environmental Effects Monitoring (EEM) dataset could be used to determine the number of samples with THg concentrations less than the laboratory's
RDL, as the data compiled by Stantec (2010) did not report RDLs or otherwise differentiate between non-detectable and detectable concentrations.  It was assumed that all concentrations
reported in Stantec (2010) were at or above the RDL and that all samples with concentrations less than the RDL had been assumed to be present at concentrations equal to the RDL value.

Exceedance Frequency - % of samples >0.5 mg/kg ww
# of Samples with THg Concentrations Exceeding Health Canada Advisory Level for

Subsistence Consumers of 0.2 mg/kg ww
Exceedance Frequency - % of samples >0.2 mg/kg ww

UCLM95-based EPC 95% Chebyshev (Mean, Sd) UCL

# of Samples with THg Concentrations Exceeding U.S. EPA Fish Tissue Criterion for
Consumers of Non-Commercial Freshwater/Estuarine Fish (0.3 mg/kg ww)

Exceedance Frequency - % of samples >0.3 mg/kg ww
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Study Area Fish Data Summary: American Eel

Species Year Location Sample ID Length (mm)
Total Mercury (THg)

Concentration
(mg/kg ww)

Methylmercury (MeHg)
Concentration

(ug/kg ww)

PUFA Concentration
(g/100g; ww)

Selenium
Concentration

(mg/kg ww)
American Eel 2012 Tributary AEel01 238 0.09

1 1 0 0 0

0 NC NC NC
0% NC NC NC

0
NC NC NC

0% NC NC NC

0
NC NC NC

0% NC NC NC

PUFA = polyunsaturated fatty acids.
NC = not calculated as not relevant to the noted exceedance.
CFIA = Canadian Food Inspection Agency.
ww = wet weight.
EPC = exposure point concentration.
UCLM95 = upper 95% confidence limit on arithmetic mean.

NA; Unable to calculate a UCLM95-based EPC as N=1.

Exceedance Frequency - % of samples >0.5 mg/kg ww
# of Samples with THg Concentrations Exceeding Health Canada Advisory Level

for Subsistence Consumers of 0.2 mg/kg ww

NOTES:

Exceedance Frequency - % of samples >0.3 mg/kg ww

Number of Sample(s) (N)

Exceedance Frequency - % of samples >0.2 mg/kg ww
# of Samples with THg Concentrations Exceeding U.S. EPA Fish Tissue Criterion

for Consumers of Non-Commercial Freshwater/Estuarine Fish
(0.3 mg/kg ww)

# of Samples with THg Concentrations Exceeding Health Canada (CFIA) Action
Level for Mercury in Fish and Fish Products (0.5 mg/kg ww)

UCLM95-based EPC
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Study Area Fish Data Summary: Lake Chub

Species Year Location Sample ID Length (mm)
Total Mercury (THg)

Concentration
(mg/kg ww)

Methylmercury (MeHg)
Concentration

(ug/kg ww)

PUFA Concentration
(g/100g; ww)

Selenium
Concentration
(mg/kg ww)

Lake Chub 2011 Estuary LC01 138 0.1
Lake Chub 2011 Estuary LC04 103 0.05
Lake Chub 2011 Estuary LC06 101 0.08
Lake Chub 2011 Estuary LC07 108 0.04
Lake Chub 2010 CR ("Section 1") NA 85 0.07
Lake Chub 2010 CR ("Section 1") NA 86 0.03
Lake Chub 2010 CR ("Section 1") NA 88 0.03
Lake Chub 2010 CR ("Section 1") NA 98 0.07
Lake Chub 2010 CR ("Section 1") NA 90 0.07
Lake Chub 2010 CR ("Section 1") NA 91 0.05
Lake Chub 2010 CR ("Section 1") NA 85 0.08
Lake Chub 2010 CR ("Section 1") NA 90 0.08
Lake Chub 2010 CR ("Section 1") NA 90 0.06
Lake Chub 2010 CR ("Section 1") NA 109 0.12
Lake Chub 2010 CR ("Section 1") NA 115 0.02
Lake Chub 2010 CR ("Section 1") NA 93 0.05
Lake Chub 2010 CR ("Section 1") NA 92 0.01
Lake Chub 2010 CR ("Section 1") NA 97 0.06
Lake Chub 2010 CR ("Section 1") NA 88 0.03
Lake Chub 2010 CR ("Section 1") NA 89 0.05
Lake Chub 2010 CR ("Section 1") NA 85 0.08
Lake Chub 2010 CR ("Section 1") NA 92 0.02
Lake Chub 2010 CR ("Section 1") NA 87 0.03
Lake Chub 2010 CR ("Section 1") NA 89 0.06
Lake Chub 2010 CR ("Section 1") NA 90 0.04
Lake Chub 2010 CR ("Section 1") NA 115 0.09
Lake Chub 2010 CR ("Section 1") NA 86 0.03
Lake Chub 2010 CR ("Section 1") NA 86 0.07
Lake Chub 2010 CR ("Section 1") NA 109 0.07
Lake Chub 2010 CR ("Section 1") NA 129 0.06
Lake Chub 2010 CR ("Section 1") NA 93 0.05
Lake Chub 2010 CR ("Section 1") NA 126 0.1
Lake Chub 2010 CR ("Section 1") NA 116 0.09
Lake Chub 2010 Gull Lake NA 127 0.08
Lake Chub 2010 Gull Lake NA 150 0.1
Lake Chub 2010 Gull Lake NA 140 0.06
Lake Chub 2010 Gull Lake NA 121 0.07
Lake Chub 2010 Gull Lake NA 124 0.1
Lake Chub 2010 Gull Lake NA 122 0.09
Lake Chub 2010 Gull Lake NA 122 0.08
Lake Chub 2010 Gull Lake NA 130 0.09
Lake Chub 2010 Gull Lake NA 108 0.08
Lake Chub 2010 Gull Lake NA 125 0.14
Lake Chub 2010 Gull Lake NA 110 0.11

44 44 0 0 0
150 0.14 0 0 0
85 0.01 0 0 0

0 0 0 0
0% NC NC NC
44 0 0 0

100% NC NC NC

0 NC NC NC

0% NC NC NC

0 NC NC NC

0% NC NC NC

0 NC NC NC

0% NC NC NC

0.07

NA = not available as not reported in Stantec (2010).
PUFA = polyunsaturated fatty acids.
NC = not calculated as not relevant to the noted exceedance.
CR = Churchill River.
CFIA = Canadian Food Inspection Agency.
ww = wet weight.
RDL = reported detection limit.
EPC = exposure point concentration.
UCLM95 = upper 95% confidence limit on arithmetic mean.
"<" denotes that concentration is less than the RDL.

% of Samples with Non-Detectable THg Concentrations (<RDL)a

Detection Frequency - # of Samples with THg Concentrations >RDLa

Detection Frequency - % of Samples with THg Concentrations >RDLa

# of Samples with THg Concentrations Exceeding Health Canada (CFIA) Action Level
for Mercury in Fish and Fish Products (0.5 mg/kg ww)

Number of Sample(s) (N)
Maximum
Minimum

Number of Samples with Non-Detectable THg Concentrations (<RDL)a

NOTES:

a. Only samples from the AMEC aquatic Environmental Effects Monitoring (EEM) dataset could be used to determine the number of samples with THg concentrations less than the laboratory's
RDL, as the data compiled by Stantec (2010) did not report RDLs or otherwise differentiate between non-detectable and detectable concentrations.  It was assumed that all concentrations
reported in Stantec (2010) were at or above the RDL and that all samples with concentrations less than the RDL had been assumed to be present at concentrations equal to the RDL value.

Exceedance Frequency - % of samples >0.5 mg/kg ww
# of Samples with THg Concentrations Exceeding Health Canada Advisory Level for

Subsistence Consumers of 0.2 mg/kg ww
Exceedance Frequency - % of samples >0.2 mg/kg ww

UCLM95-based EPC 95% Student's-t UCL

# of Samples with THg Concentrations Exceeding U.S. EPA Fish Tissue Criterion for
Consumers of Non-Commercial Freshwater/Estuarine Fish (0.3 mg/kg ww)

Exceedance Frequency - % of samples >0.3 mg/kg ww
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Study Area Fish Data Summary: Longnose Sucker

Species Year Location Sample ID Length (mm)
Total Mercury (THg)

Concentration
(mg/kg ww)

Methylmercury (MeHg)
Concentration

(ug/kg ww)

PUFA Concentration
(g/100g; ww)

Selenium
Concentration

(mg/kg ww)
Longnose Sucker 2015 Tributary LNS125 309 0.08
Longnose Sucker 2015 Tributary LNS126 322 0.25
Longnose Sucker 2015 Mainstem Slow LNS152 195 0.07
Longnose Sucker 2015 Tributary LNS153 206 <0.05
Longnose Sucker 2015 Tributary LNS154 224 0.07
Longnose Sucker 2015 Tributary LNS155 286 0.16
Longnose Sucker 2015 Tributary LNS156 279 0.15
Longnose Sucker 2015 Tributary LNS157 271 0.23
Longnose Sucker 2015 Tributary LNS158 241 0.05
Longnose Sucker 2015 Tributary LNS159 219 <0.05
Longnose Sucker 2015 Tributary LNS160 242 0.09
Longnose Sucker 2015 Mainstem Slow LNS160A 244 0.08
Longnose Sucker 2015 Tributary LNS161A 251 0.08
Longnose Sucker 2015 Tributary LNS162A 214 0.07
Longnose Sucker 2015 Tributary LNS163A 209 0.07
Longnose Sucker 2015 Tributary LNS164A 229 0.06
Longnose Sucker 2015 Tributary LNS165A 269 0.2
Longnose Sucker 2015 Tributary LNS166A 233 0.07
Longnose Sucker 2015 Tributary LNS167A 316 0.12
Longnose Sucker 2015 Tributary LNS66 255 0.06
Longnose Sucker 2015 Mainstem Slow LNS67 242 0.1
Longnose Sucker 2015 Tributary LNS68 320 0.21
Longnose Sucker 2015 Tributary LNS69 263 0.09
Longnose Sucker 2015 Mainstem Slow LNS70 252 0.06
Longnose Sucker 2015 Mainstem Slow LNS93 281 0.25
Longnose Sucker 2015 Tributary LNS94 314 0.17
Longnose Sucker 2015 Tributary LNS95 242 0.36
Longnose Sucker 2015 Estuary LNS01 203 <0.05
Longnose Sucker 2015 Estuary LNS02 179 <0.05
Longnose Sucker 2015 Estuary LNS03 335 <0.05
Longnose Sucker 2015 Estuary LNS04 328 0.09
Longnose Sucker 2015 Estuary LNS05 258 <0.05
Longnose Sucker 2015 Estuary LNS06 277 <0.05
Longnose Sucker 2015 Estuary LNS07 246 <0.05
Longnose Sucker 2015 Estuary LNS08 243 <0.05
Longnose Sucker 2015 Estuary LNS09 275 <0.05
Longnose Sucker 2015 Estuary LNS10 226 <0.05
Longnose Sucker 2015 Estuary LNS11 222 <0.05
Longnose Sucker 2015 Estuary LNS12 221 <0.05
Longnose Sucker 2015 Estuary LNS13 249 <0.05
Longnose Sucker 2015 Estuary LNS14 215 <0.05
Longnose Sucker 2015 Estuary LNS15 240 <0.05
Longnose Sucker 2015 Estuary LNS16 210 <0.05
Longnose Sucker 2015 Estuary LNS17 240 <0.05
Longnose Sucker 2015 Estuary LNS18 255 <0.05
Longnose Sucker 2015 Estuary LNS19 286 <0.05
Longnose Sucker 2015 Estuary LNS20 202 <0.05
Longnose Sucker 2015 Estuary LNS21 186 <0.05
Longnose Sucker 2015 Estuary LNS22 210 <0.05
Longnose Sucker 2015 Estuary LNS23 194 <0.05
Longnose Sucker 2015 Estuary LNS24 161 <0.05
Longnose Sucker 2015 Estuary LNS25 186 <0.05
Longnose Sucker 2015 Estuary LNS26 173 <0.05
Longnose Sucker 2015 Estuary LNS27 168 <0.05
Longnose Sucker 2015 Estuary LNS28 196 <0.05
Longnose Sucker 2015 Estuary LNS29 180 <0.05
Longnose Sucker 2015 Estuary LNS30 171 <0.05
Longnose Sucker 2015 Estuary LNS50 176 <0.05
Longnose Sucker 2015 Estuary LNS51 254 <0.05
Longnose Sucker 2015 Estuary LNS52 259 <0.05
Longnose Sucker 2015 Estuary LNS53 233 <0.05
Longnose Sucker 2015 Estuary LNS54 236 <0.05
Longnose Sucker 2015 Estuary LNS55 236 <0.05
Longnose Sucker 2015 Estuary LNS56 235 <0.05
Longnose Sucker 2015 Estuary LNS57 181 <0.05
Longnose Sucker 2015 Estuary LNS58 197 <0.05
Longnose Sucker 2015 Estuary LNS59 199 <0.05
Longnose Sucker 2015 Estuary LNS60 215 <0.05
Longnose Sucker 2010 Mainstem Slow LNS1 123 0.02
Longnose Sucker 2010 Mainstem Slow LNS2 96 0.03
Longnose Sucker 2010 Mainstem Slow LNS3 84 0.03
Longnose Sucker 2010 Mainstem Slow LNS4 88 0.02
Longnose Sucker 2010 Mainstem Slow LNS5 128 0.03
Longnose Sucker 2010 Mainstem Slow LNS6 109 0.03
Longnose Sucker 2010 Mainstem Slow LNS7 143 0.04
Longnose Sucker 2010 Mainstem Slow LNS8 110 0.04
Longnose Sucker 2010 Mainstem Slow LNS16 100 <0.01
Longnose Sucker 2010 Mainstem Slow LNS57a 94 0.02
Longnose Sucker 2010 Mainstem Slow LNS58a 90 0.02
Longnose Sucker 2010 Mainstem Slow LNS66a 104 0.02
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Study Area Fish Data Summary: Longnose Sucker

Species Year Location Sample ID Length (mm)
Total Mercury (THg)

Concentration
(mg/kg ww)

Methylmercury (MeHg)
Concentration

(ug/kg ww)

PUFA Concentration
(g/100g; ww)

Selenium
Concentration

(mg/kg ww)
Longnose Sucker 2010 Mainstem Slow LNS60c 95 0.04
Longnose Sucker 2010 Mainstem Slow LNS67 268 0.09
Longnose Sucker 2011 Estuary LNS01 126 0.02
Longnose Sucker 2011 Estuary LNS01 160 0.03
Longnose Sucker 2011 Estuary LNS01 225 0.04
Longnose Sucker 2011 Estuary LNS02 125 0.04
Longnose Sucker 2011 Estuary LNS02 246 0.04
Longnose Sucker 2011 Estuary LNS03 118 0.04
Longnose Sucker 2011 Estuary LNS03 200 0.02
Longnose Sucker 2011 Estuary LNS03 259 0.04
Longnose Sucker 2011 Estuary LNS04 127 0.02
Longnose Sucker 2011 Estuary LNS04 169 0.03
Longnose Sucker 2011 Estuary LNS04 232 0.03
Longnose Sucker 2011 Estuary LNS05 110 0.05
Longnose Sucker 2011 Estuary LNS05 182 0.02
Longnose Sucker 2011 Estuary LNS05 224 0.05
Longnose Sucker 2011 Estuary LNS07 122 0.02
Longnose Sucker 2011 Estuary LNS08 116 0.04
Longnose Sucker 2011 Estuary LNS01 111 0.03
Longnose Sucker 2011 Estuary LNS02 137 0.02
Longnose Sucker 2011 Estuary LNS03 126 0.02
Longnose Sucker 2011 Estuary LNS04 126 0.02
Longnose Sucker 2011 Estuary LNS05 115 0.03
Longnose Sucker 2011 Estuary LNS06 114 0.03
Longnose Sucker 2011 Estuary LNS07 119 0.02
Longnose Sucker 2011 Estuary LNS08 123 0.02
Longnose Sucker 2011 Estuary LNS09 116 0.03
Longnose Sucker 2011 Estuary LNS10 110 0.02
Longnose Sucker 2011 Estuary LNS11 210 0.03
Longnose Sucker 2011 Estuary LNS12 186 0.02
Longnose Sucker 2011 Estuary LNS13 313 0.11
Longnose Sucker 2011 Estuary LNS01 325 0.1
Longnose Sucker 2011 Estuary LNS02 322 0.14
Longnose Sucker 2011 Estuary LNS03 305 0.21
Longnose Sucker 2011 Estuary LNS04 179 0.03
Longnose Sucker 2011 Estuary LNS05 245 0.05
Longnose Sucker 2011 Estuary LNS06 254 0.04
Longnose Sucker 2011 Estuary LNS07 241 0.05
Longnose Sucker 2011 Estuary LNS09 257 0.08
Longnose Sucker 2011 Estuary LNS10 221 0.06
Longnose Sucker 2011 Estuary LNS11 263 0.04
Longnose Sucker 2011 Estuary LNS12 272 0.04
Longnose Sucker 2011 Estuary LNS13 178 0.05
Longnose Sucker 2011 Estuary LNS14 177 0.04
Longnose Sucker 2011 Estuary LNS15 170 0.06
Longnose Sucker 2011 Tributary LNS04 314 0.31
Longnose Sucker 2011 Tributary LNS05 281 0.24
Longnose Sucker 2011 Tributary LNS06 302 0.2
Longnose Sucker 2011 Tributary LNS07 320 0.33
Longnose Sucker 2011 Tributary LNS08 263 0.2
Longnose Sucker 2011 Tributary LNS09 263 0.09
Longnose Sucker 2011 Tributary LNS10 268 0.16
Longnose Sucker 2011 Tributary LNS11 240 0.06
Longnose Sucker 2011 Mainstem Slow LNS12 190 0.07
Longnose Sucker 2011 Mainstem Slow LNS13 185 0.01
Longnose Sucker 2011 Mainstem Slow LNS14 182 0.03
Longnose Sucker 2011 Mainstem Slow LNS15 169 0.04
Longnose Sucker 2011 Mainstem Slow LNS16 194 0.03
Longnose Sucker 2011 Mainstem Slow LNS17 172 0.05
Longnose Sucker 2011 Mainstem Slow LNS18 219 0.04
Longnose Sucker 2011 Tributary LNS19 247 0.17
Longnose Sucker 2011 Tributary LNS20 265 0.1
Longnose Sucker 2011 Mainstem Slow LNS22 168 0.05
Longnose Sucker 2011 Tributary LNS23 126 0.04
Longnose Sucker 2011 Tributary LNS24 343 0.28
Longnose Sucker 2011 Mainstem Slow LNS25 168 0.11
Longnose Sucker 2011 Mainstem Slow LNS26 194 0.08
Longnose Sucker 2011 Mainstem Slow LNS27 220 0.07
Longnose Sucker 2011 Mainstem Slow LNS28 205 0.06
Longnose Sucker 2011 Mainstem Slow LNS29 185 0.04
Longnose Sucker 2011 Tributary LNS31 287 0.31
Longnose Sucker 2011 Mainstem Slow LNS32 113 0.04
Longnose Sucker 2011 Mainstem Slow LNS33 118 0.01
Longnose Sucker 2012 Mainstem Slow LNS01 215 0.11
Longnose Sucker 2012 Mainstem Slow LNS02 245 0.043
Longnose Sucker 2012 Mainstem Slow LNS03 216 0.044
Longnose Sucker 2012 Mainstem Slow LNS04 187 0.054
Longnose Sucker 2012 Mainstem Slow LNS05 217 0.09
Longnose Sucker 2012 Mainstem Slow LNS06 177 0.085
Longnose Sucker 2012 Mainstem Slow LNS07 198 0.043
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Study Area Fish Data Summary: Longnose Sucker

Species Year Location Sample ID Length (mm)
Total Mercury (THg)

Concentration
(mg/kg ww)

Methylmercury (MeHg)
Concentration

(ug/kg ww)

PUFA Concentration
(g/100g; ww)

Selenium
Concentration

(mg/kg ww)
Longnose Sucker 2012 Mainstem Slow LNS08 133 0.031
Longnose Sucker 2012 Mainstem Slow LNS09 110 0.028
Longnose Sucker 2012 Mainstem Slow LNS10 163 0.042
Longnose Sucker 2012 Tributary LNS11 300 0.096
Longnose Sucker 2012 Tributary LNS12 207 0.089
Longnose Sucker 2012 Tributary LNS13 150 0.038
Longnose Sucker 2012 Tributary LNS15 137 0.076
Longnose Sucker 2012 Mainstem Slow LNS17 216 0.068
Longnose Sucker 2012 Mainstem Slow LNS18 171 0.045
Longnose Sucker 2012 Mainstem Slow LNS20 220 0.11
Longnose Sucker 2012 Mainstem Slow LNS21 168 0.077
Longnose Sucker 2012 Mainstem Slow LNS22 181 0.035
Longnose Sucker 2012 Mainstem Slow LNS23 161 0.067
Longnose Sucker 2012 Mainstem Slow LNS25 193 0.056
Longnose Sucker 2012 Mainstem Slow LNS26 171 0.061
Longnose Sucker 2012 Mainstem Slow LNS27 178 0.027
Longnose Sucker 2012 Tributary LNS31 330 0.22
Longnose Sucker 2012 Mainstem Slow LNS32 182 0.06
Longnose Sucker 2012 Mainstem Slow LNS33 179 0.061
Longnose Sucker 2012 Mainstem Slow LNS34 122 0.03
Longnose Sucker 2012 Mainstem Slow LNS35 209 0.073
Longnose Sucker 2012 Mainstem Slow LNS36 193 0.077
Longnose Sucker 2012 Mainstem Slow LNS37 194 0.074
Longnose Sucker 2012 Mainstem Slow LNS51 210 0.027
Longnose Sucker 2013 Estuary LNS01 240 <0.05
Longnose Sucker 2013 Estuary LNS02 226 <0.05
Longnose Sucker 2013 Estuary LNS03 223 <0.05
Longnose Sucker 2013 Estuary LNS04 345 0.08
Longnose Sucker 2013 Estuary LNS05 360 0.08
Longnose Sucker 2013 Estuary LNS06 254 <0.05
Longnose Sucker 2013 Estuary LNS07 189 <0.05
Longnose Sucker 2013 Estuary LNS08 200 <0.05
Longnose Sucker 2013 Estuary LNS09 186 <0.05
Longnose Sucker 2013 Estuary LNS10A 141 <0.05
Longnose Sucker 2013 Estuary LNS14 243 <0.05
Longnose Sucker 2013 Estuary LNS15 240 0.05
Longnose Sucker 2013 Estuary LNS16 256 <0.05
Longnose Sucker 2013 Estuary LNS18 195 <0.05
Longnose Sucker 2013 Estuary LNS19 203 <0.05
Longnose Sucker 2013 Estuary LNS20 330 0.05
Longnose Sucker 2013 Estuary LNS21 321 <0.05
Longnose Sucker 2013 Estuary LNS22 331 0.06
Longnose Sucker 2013 Estuary LNS23 302 0.05
Longnose Sucker 2013 Estuary LNS24 252 0.06
Longnose Sucker 2013 Estuary LNS25 244 0.06
Longnose Sucker 2013 Estuary LNS26 259 <0.05
Longnose Sucker 2013 Estuary LNS27 232 <0.05
Longnose Sucker 2013 Estuary LNS28 241 <0.05
Longnose Sucker 2013 Estuary LNS29 229 <0.05
Longnose Sucker 2013 Estuary LNS30 240 <0.05
Longnose Sucker 2013 Estuary LNS100 203 0.06
Longnose Sucker 2013 Estuary LNS101 166 <0.05
Longnose Sucker 2013 Estuary LNS102 153 0.08
Longnose Sucker 2013 Estuary LNS33 341 <0.05
Longnose Sucker 2013 Estuary LNS34 330 <0.05
Longnose Sucker 2013 Estuary LNS35 207 <0.05
Longnose Sucker 2013 Estuary LNS36 196 <0.05
Longnose Sucker 2013 Estuary LNS37 152 <0.05
Longnose Sucker 2013 Estuary LNS38 155 <0.05
Longnose Sucker 2013 Estuary LNS39 143 <0.05
Longnose Sucker 2013 Estuary LNS40 216 <0.05
Longnose Sucker 2013 Estuary LNS42 228 <0.05
Longnose Sucker 2013 Estuary LNS43 247 <0.05
Longnose Sucker 2013 Estuary LNS44 259 <0.05
Longnose Sucker 2013 Estuary LNS45 238 <0.05
Longnose Sucker 2013 Estuary LNS46 215 <0.05
Longnose Sucker 2013 Estuary LNS47 220 <0.05
Longnose Sucker 2013 Estuary LNS48 223 <0.05
Longnose Sucker 2013 Estuary LNS49 276 <0.05
Longnose Sucker 2013 Estuary LNS51 254 <0.05
Longnose Sucker 2013 Estuary LNS52 216 <0.05
Longnose Sucker 2013 Estuary LNS53 228 <0.05
Longnose Sucker 2013 Estuary LNS54 213 <0.05
Longnose Sucker 2013 Estuary LNS55 231 <0.05
Longnose Sucker 2013 Estuary LNS56 270 <0.05
Longnose Sucker 2013 Estuary LNS57 258 <0.05
Longnose Sucker 2013 Estuary LNS59 250 <0.05
Longnose Sucker 2013 Estuary LNS60 237 <0.05
Longnose Sucker 2013 Estuary LNS61 274 <0.05
Longnose Sucker 2013 Estuary LNS99 190 0.05
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Study Area Fish Data Summary: Longnose Sucker

Species Year Location Sample ID Length (mm)
Total Mercury (THg)

Concentration
(mg/kg ww)

Methylmercury (MeHg)
Concentration

(ug/kg ww)

PUFA Concentration
(g/100g; ww)

Selenium
Concentration

(mg/kg ww)
Longnose Sucker 2013 Tributary LNS05a 462 <0.05
Longnose Sucker 2013 Tributary LNS06 331 <0.05
Longnose Sucker 2013 Tributary LNS07 355 <0.05
Longnose Sucker 2013 Tributary LNS08 347 <0.05
Longnose Sucker 2013 Tributary LNS09 276 <0.05
Longnose Sucker 2013 Tributary LNS10 360 <0.05
Longnose Sucker 2013 Tributary LNS11 311 0.17
Longnose Sucker 2013 Tributary LNS12 234 0.05
Longnose Sucker 2013 Tributary LNS13 289 0.09
Longnose Sucker 2013 Tributary LNS14 240 <0.05
Longnose Sucker 2013 Tributary LNS15 153 0.06
Longnose Sucker 2013 Tributary LNS16 365 <0.05
Longnose Sucker 2013 Tributary LNS17 328 0.09
Longnose Sucker 2013 Tributary LNS18 400 0.28
Longnose Sucker 2013 Tributary LNS19 348 0.08
Longnose Sucker 2013 Tributary LNS20 250 0.25
Longnose Sucker 2013 Tributary LNS21 297 <0.05
Longnose Sucker 2013 Tributary LNS22 368 0.23
Longnose Sucker 2013 Tributary LNS23 305 0.2
Longnose Sucker 2013 Tributary LNS20a 305 0.2
Longnose Sucker 2013 Tributary LNS21a 138 0.17
Longnose Sucker 2013 Tributary LNS22a 302 <0.05
Longnose Sucker 2013 Tributary LNS23a 266 <0.05
Longnose Sucker 2013 Tributary LNS22B 319 0.23
Longnose Sucker 2013 Tributary LNS23B 270 0.08
Longnose Sucker 2013 Tributary LNS24 276 <0.05
Longnose Sucker 2013 Tributary LNS02 312 <0.05
Longnose Sucker 2013 Tributary LNS18 320 0.12
Longnose Sucker 2013 Tributary LNS19 125 <0.05
Longnose Sucker 2013 Tributary LNS20 105 <0.05
Longnose Sucker 2014 Tributary NP02 295 0.06
Longnose Sucker 2014 Tributary LNS04 325 0.09
Longnose Sucker 2014 Tributary LNS05 255 0.05
Longnose Sucker 2014 Tributary LNS06 163 0.09
Longnose Sucker 2014 Tributary LNS07 164 <0.05
Longnose Sucker 2014 Tributary LNS08 335 0.16
Longnose Sucker 2014 Tributary LNS09 358 0.11
Longnose Sucker 2014 Tributary LNS10 225 <0.05
Longnose Sucker 2014 Tributary LNS11 334 <0.05
Longnose Sucker 2014 Estuary LNS01 315 <0.05
Longnose Sucker 2014 Estuary LNS02 227 <0.05
Longnose Sucker 2014 Estuary LNS03 222 <0.05
Longnose Sucker 2014 Estuary LNS04 254 <0.05
Longnose Sucker 2014 Estuary LNS05 236 <0.05
Longnose Sucker 2014 Estuary LNS06 209 <0.05
Longnose Sucker 2014 Estuary LNS07 221 <0.05
Longnose Sucker 2014 Estuary LNS08 217 <0.05
Longnose Sucker 2014 Estuary LNS09 254 <0.05
Longnose Sucker 2014 Estuary LNS10 232 <0.05
Longnose Sucker 2014 Estuary LNS11 236 <0.05
Longnose Sucker 2014 Estuary LNS12 279 <0.05
Longnose Sucker 2014 Estuary LNS13 203 <0.05
Longnose Sucker 2014 Estuary LNS14 207 <0.05
Longnose Sucker 2014 Estuary LNS15 215 <0.05
Longnose Sucker 2014 Estuary LNS16 230 <0.05
Longnose Sucker 2014 Estuary LNS17 236 0.05
Longnose Sucker 2014 Estuary LNS176 253 <0.05
Longnose Sucker 2014 Estuary LNS177 230 <0.05
Longnose Sucker 2014 Estuary LNS178 247 <0.05
Longnose Sucker 2014 Estuary LNS179 229 <0.05
Longnose Sucker 2014 Estuary LNS18 217 0.06
Longnose Sucker 2014 Estuary LNS180 241 <0.05
Longnose Sucker 2014 Estuary LNS181 223 <0.05
Longnose Sucker 2014 Estuary LNS182 216 <0.05
Longnose Sucker 2014 Estuary LNS183 175 <0.05
Longnose Sucker 2014 Estuary LNS184 266 <0.05
Longnose Sucker 2014 Estuary LNS185 189 <0.05
Longnose Sucker 2014 Estuary LNS186 186 0.05
Longnose Sucker 2014 Estuary LNS187 186 <0.05
Longnose Sucker 2014 Estuary LNS189 206 <0.05
Longnose Sucker 2014 Estuary LNS19 239 <0.05
Longnose Sucker 2014 Estuary LNS190 181 <0.05
Longnose Sucker 2014 Estuary LNS193 195 <0.05
Longnose Sucker 2014 Estuary LNS194 190 <0.05
Longnose Sucker 2014 Estuary LNS195 180 <0.05
Longnose Sucker 2014 Estuary LNS196 188 <0.05
Longnose Sucker 2014 Estuary LNS197 177 <0.05
Longnose Sucker 2014 Estuary LNS198 168 <0.05
Longnose Sucker 2014 Estuary LNS20 219 <0.05
Longnose Sucker 2014 Estuary LNS21 218 <0.05
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Study Area Fish Data Summary: Longnose Sucker

Species Year Location Sample ID Length (mm)
Total Mercury (THg)

Concentration
(mg/kg ww)

Methylmercury (MeHg)
Concentration

(ug/kg ww)

PUFA Concentration
(g/100g; ww)

Selenium
Concentration

(mg/kg ww)
Longnose Sucker 2014 Estuary LNS22 251 <0.05
Longnose Sucker 2014 Estuary LNS23 239 <0.05
Longnose Sucker 2014 Estuary LNS24 230 <0.05
Longnose Sucker 2014 Estuary LNS25 204 <0.05
Longnose Sucker 2014 Estuary LNS26 231 <0.05
Longnose Sucker 2014 Estuary LNS265 238 <0.05
Longnose Sucker 2014 Estuary LNS266 226 <0.05
Longnose Sucker 2014 Estuary LNS267 234 <0.05
Longnose Sucker 2014 Estuary LNS268 236 <0.05
Longnose Sucker 2014 Estuary LNS269 217 <0.05
Longnose Sucker 2014 Estuary LNS27 205 <0.05
Longnose Sucker 2014 Estuary LNS270 215 <0.05
Longnose Sucker 2014 Estuary LNS271 221 <0.05
Longnose Sucker 2014 Estuary LNS28 235 <0.05
Longnose Sucker 2014 Estuary LNS29 224 <0.05
Longnose Sucker 2014 Estuary LNS30 220 0.05
Longnose Sucker 1999 CR ("Section 1") NA 109 0.03
Longnose Sucker 1999 CR ("Section 1") NA 115 0.1
Longnose Sucker 1999 CR ("Section 1") NA 117 0.05
Longnose Sucker 1999 CR ("Section 1") NA 118 0.06
Longnose Sucker 1999 CR ("Section 1") NA 120 0.02
Longnose Sucker 1999 CR ("Section 1") NA 122 0.07
Longnose Sucker 1999 CR ("Section 1") NA 125 0.06
Longnose Sucker 1999 CR ("Section 1") NA 131 0.1
Longnose Sucker 1999 CR ("Section 1") NA 137 0.05
Longnose Sucker 1999 CR ("Section 1") NA 170 0.07
Longnose Sucker 1999 CR ("Section 1") NA 172 0.04
Longnose Sucker 1999 CR ("Section 1") NA 180 0.12
Longnose Sucker 1999 CR ("Section 1") NA 184 0.03
Longnose Sucker 1999 CR ("Section 1") NA 209 0.11
Longnose Sucker 1999 CR ("Section 1") NA 219 0.07
Longnose Sucker 1999 CR ("Section 1") NA 240 0.16
Longnose Sucker 1999 CR ("Section 1") NA 254 0.13
Longnose Sucker 1999 CR ("Section 1") NA 258 0.13
Longnose Sucker 1999 CR ("Section 1") NA 274 0.05
Longnose Sucker 1999 CR ("Section 1") NA 283 0.12
Longnose Sucker 1999 CR ("Section 1") NA 288 0.07
Longnose Sucker 1999 CR ("Section 1") NA 291 0.05
Longnose Sucker 1999 CR ("Section 1") NA 297 0.13
Longnose Sucker 1999 CR ("Section 1") NA 300 0.06
Longnose Sucker 1999 CR ("Section 1") NA 302 0.12
Longnose Sucker 1999 CR ("Section 1") NA 302 0.04
Longnose Sucker 1999 CR ("Section 1") NA 307 0.12
Longnose Sucker 1999 CR ("Section 1") NA 310 0.04
Longnose Sucker 1999 CR ("Section 1") NA 321 0.06
Longnose Sucker 1999 CR ("Section 1") NA 326 0.18
Longnose Sucker 2010 CR ("Section 1") NA 82 0.03
Longnose Sucker 2010 CR ("Section 1") NA 84 0.03
Longnose Sucker 2010 CR ("Section 1") NA 88 0.02
Longnose Sucker 2010 CR ("Section 1") NA 90 0.02
Longnose Sucker 2010 CR ("Section 1") NA 94 0.02
Longnose Sucker 2010 CR ("Section 1") NA 94 0.02
Longnose Sucker 2010 CR ("Section 1") NA 95 0.02
Longnose Sucker 2010 CR ("Section 1") NA 95 0.04
Longnose Sucker 2010 CR ("Section 1") NA 96 0.03
Longnose Sucker 2010 CR ("Section 1") NA 99 0.01
Longnose Sucker 2010 CR ("Section 1") NA 99 0.02
Longnose Sucker 2010 CR ("Section 1") NA 100 0.02
Longnose Sucker 2010 CR ("Section 1") NA 104 0.02
Longnose Sucker 2010 CR ("Section 1") NA 105 0.03
Longnose Sucker 2010 CR ("Section 1") NA 109 0.03
Longnose Sucker 2010 CR ("Section 1") NA 110 0.04
Longnose Sucker 2010 CR ("Section 1") NA 123 0.02
Longnose Sucker 2010 CR ("Section 1") NA 128 0.03
Longnose Sucker 2010 CR ("Section 1") NA 128 0.03
Longnose Sucker 2010 CR ("Section 1") NA 143 0.02
Longnose Sucker 1999 Estuary/Sandy Pt NA 228 0.12
Longnose Sucker 1999 Estuary/Sandy Pt NA 199 0.02
Longnose Sucker 1999 Estuary/Sandy Pt NA 205 0.02
Longnose Sucker 1999 Estuary/Sandy Pt NA 168 0.07
Longnose Sucker 1999 Estuary/Sandy Pt NA 301 0.08
Longnose Sucker 1999 Estuary/Sandy Pt NA 302 0.09
Longnose Sucker 1999 Estuary/Sandy Pt NA 283 0.11
Longnose Sucker 1999 Estuary/Sandy Pt NA 163 0.04
Longnose Sucker 1999 Estuary/Sandy Pt NA 268 0.1
Longnose Sucker 1999 Estuary/Sandy Pt NA 242 0.02
Longnose Sucker 1999 Estuary/Sandy Pt NA 274 0.12
Longnose Sucker 1999 Estuary/Sandy Pt NA 220 0.05
Longnose Sucker 1999 Estuary/Sandy Pt NA 120 0.04
Longnose Sucker 1999 Estuary/Sandy Pt NA 126 0.03
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Study Area Fish Data Summary: Longnose Sucker

Species Year Location Sample ID Length (mm)
Total Mercury (THg)

Concentration
(mg/kg ww)

Methylmercury (MeHg)
Concentration

(ug/kg ww)

PUFA Concentration
(g/100g; ww)

Selenium
Concentration

(mg/kg ww)
Longnose Sucker 1999 Estuary/Sandy Pt NA 119 0.06
Longnose Sucker 1999 Gull Lake NA 115 0.04
Longnose Sucker 1999 Gull Lake NA 120 0.08
Longnose Sucker 1999 Gull Lake NA 123 0.1
Longnose Sucker 1999 Gull Lake NA 123 0.05
Longnose Sucker 1999 Gull Lake NA 123 0.09
Longnose Sucker 1999 Gull Lake NA 130 0.05
Longnose Sucker 1999 Gull Lake NA 145 0.05
Longnose Sucker 1999 Gull Lake NA 173 0.06
Longnose Sucker 1999 Gull Lake NA 175 0.12
Longnose Sucker 1999 Gull Lake NA 181 0.08
Longnose Sucker 1999 Gull Lake NA 188 0.13
Longnose Sucker 1999 Gull Lake NA 200 0.07
Longnose Sucker 1999 Gull Lake NA 214 0.12
Longnose Sucker 1999 Gull Lake NA 223 0.14
Longnose Sucker 1999 Gull Lake NA 244 0.15
Longnose Sucker 1999 Gull Lake NA 265 0.13
Longnose Sucker 1999 Gull Lake NA 287 0.05
Longnose Sucker 1999 Gull Lake NA 299 0.2
Longnose Sucker 1999 Gull Lake NA 311 0.09
Longnose Sucker 1999 Gull Lake NA 337 0.12
Longnose Sucker 1999 Gull Lake NA 354 0.11
Longnose Sucker 1999 Gull Lake NA 365 0.19
Longnose Sucker 1999 Gull Lake NA 380 0.15
Longnose Sucker 1999 Gull Lake NA 393 0.42
Longnose Sucker 1999 Gull Lake NA 412 0.13
Longnose Sucker 1999 Gull Lake NA 414 0.23
Longnose Sucker 1999 Gull Lake NA 418 0.55
Longnose Sucker 1999 Gull Lake NA 421 0.28
Longnose Sucker 1999 Gull Lake NA 440 0.2
Longnose Sucker 1999 Gull Lake NA 455 0.52
Longnose Sucker 2010 Gull Lake NA 115 0.17
Longnose Sucker 2010 Gull Lake NA 167 0.05
Longnose Sucker 2010 Gull Lake NA 174 0.05
Longnose Sucker 2010 Gull Lake NA 187 0.18
Longnose Sucker 2010 Gull Lake NA 187 0.1
Longnose Sucker 2010 Gull Lake NA 207 0.19
Longnose Sucker 2010 Gull Lake NA 215 0.17
Longnose Sucker 2010 Gull Lake NA 217 0.17
Longnose Sucker 2010 Gull Lake NA 220 0.15
Longnose Sucker 2010 Gull Lake NA 225 0.25
Longnose Sucker 2010 Gull Lake NA 231 0.12
Longnose Sucker 2010 Gull Lake NA 241 0.17
Longnose Sucker 2010 Gull Lake NA 248 0.18
Longnose Sucker 2010 Gull Lake NA 264 0.12
Longnose Sucker 2010 Gull Lake NA 270 0.14
Longnose Sucker 2010 Gull Lake NA 278 0.1
Longnose Sucker 2010 Gull Lake NA 285 0.05
Longnose Sucker 2010 Gull Lake NA 290 0.07
Longnose Sucker 2010 Gull Lake NA 300 0.08
Longnose Sucker 2010 Gull Lake NA 310 0.06
Longnose Sucker 2010 Gull Lake NA 320 0.08
Longnose Sucker 2010 Gull Lake NA 330 0.16
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Study Area Fish Data Summary: Longnose Sucker

Species Year Location Sample ID Length (mm)
Total Mercury (THg)

Concentration
(mg/kg ww)

Methylmercury (MeHg)
Concentration

(ug/kg ww)

PUFA Concentration
(g/100g; ww)

Selenium
Concentration

(mg/kg ww)
Longnose Sucker 2010 Gull Lake NA 331 0.19
Longnose Sucker 2010 Gull Lake NA 359 0.17
Longnose Sucker 2010 Gull Lake NA 374 0.1
Longnose Sucker 2010 Gull Lake NA 385 0.38
Longnose Sucker 2010 Gull Lake NA 400 0.25
Longnose Sucker 2010 Gull Lake NA 412 0.16
Longnose Sucker 2010 Gull Lake NA 430 0.33
Longnose Sucker 2010 Gull Lake NA 456 0.14
Longnose Sucker 1999 Winokapau Lake NA 112 0.06
Longnose Sucker 1999 Winokapau Lake NA 113 0.05
Longnose Sucker 1999 Winokapau Lake NA 114 0.06
Longnose Sucker 1999 Winokapau Lake NA 114 0.09
Longnose Sucker 1999 Winokapau Lake NA 125 0.14
Longnose Sucker 1999 Winokapau Lake NA 156 0.11
Longnose Sucker 1999 Winokapau Lake NA 173 0.06
Longnose Sucker 1999 Winokapau Lake NA 176 0.16
Longnose Sucker 1999 Winokapau Lake NA 185 0.27
Longnose Sucker 1999 Winokapau Lake NA 200 0.06
Longnose Sucker 1999 Winokapau Lake NA 205 0.14
Longnose Sucker 1999 Winokapau Lake NA 223 0.14
Longnose Sucker 1999 Winokapau Lake NA 240 0.08
Longnose Sucker 1999 Winokapau Lake NA 261 0.06
Longnose Sucker 1999 Winokapau Lake NA 280 0.08
Longnose Sucker 1999 Winokapau Lake NA 298 0.08
Longnose Sucker 1999 Winokapau Lake NA 304 0.14
Longnose Sucker 1999 Winokapau Lake NA 312 0.06
Longnose Sucker 1999 Winokapau Lake NA 322 0.2
Longnose Sucker 1999 Winokapau Lake NA 330 0.19
Longnose Sucker 1999 Winokapau Lake NA 350 0.16
Longnose Sucker 1999 Winokapau Lake NA 367 0.13
Longnose Sucker 1999 Winokapau Lake NA 407 0.12
Longnose Sucker 1999 Winokapau Lake NA 408 0.13
Longnose Sucker 1999 Winokapau Lake NA 409 0.14
Longnose Sucker 1999 Winokapau Lake NA 412 0.14
Longnose Sucker 1999 Winokapau Lake NA 426 0.15
Longnose Sucker 1999 Winokapau Lake NA 429 0.23
Longnose Sucker 1999 Winokapau Lake NA 535 0.44
Longnose Sucker 2010 Winokapau Lake NA 162 0.11
Longnose Sucker 2010 Winokapau Lake NA 168 0.13
Longnose Sucker 2010 Winokapau Lake NA 180 0.16
Longnose Sucker 2010 Winokapau Lake NA 196 0.09
Longnose Sucker 2010 Winokapau Lake NA 205 0.13
Longnose Sucker 2010 Winokapau Lake NA 208 0.35
Longnose Sucker 2010 Winokapau Lake NA 218 0.31
Longnose Sucker 2010 Winokapau Lake NA 230 0.13
Longnose Sucker 2010 Winokapau Lake NA 311 0.41
Longnose Sucker 2010 Winokapau Lake NA 315 0.11

500 500 0 0 0
535 0.55 0 0 0
82 0.01 0 0 0

159 0 0 0
32% NC NC NC
341 0 0 0
68% NC NC NC

2 NC NC NC

0% NC NC NC

31 NC NC NC

6% NC NC NC

13 NC NC NC

3% NC NC NC
0.10

NA = not available as not reported in Stantec (2010).
PUFA = polyunsaturated fatty acids.
NC = not calculated as not relevant to the noted exceedance.
CR = Churchill River.
CFIA = Canadian Food Inspection Agency.
ww = wet weight.
RDL = reported detection limit.
EPC = exposure point concentration.
UCLM95 = upper 95% confidence limit on arithmetic mean.
"<" denotes that concentration is less than the RDL.

% of Samples with Non-Detectable THg Concentrations (<RDL)a

Detection Frequency - # of Samples with THg Concentrations >RDLa

Detection Frequency - % of Samples with THg Concentrations >RDLa

# of Samples with THg Concentrations Exceeding Health Canada (CFIA) Action Level
for Mercury in Fish and Fish Products (0.5 mg/kg ww)

Number of Sample(s) (N)
Maximum
Minimum

Number of Samples with Non-Detectable THg Concentrations (<RDL)a

NOTES:

a. Only samples from the AMEC aquatic Environmental Effects Monitoring (EEM) dataset could be used to determine the number of samples with THg concentrations less than the laboratory's
RDL, as the data compiled by Stantec (2010) did not report RDLs or otherwise differentiate between non-detectable and detectable concentrations.  It was assumed that all concentrations
reported in Stantec (2010) were at or above the RDL and that all samples with concentrations less than the RDL had been assumed to be present at concentrations equal to the RDL value.

Exceedance Frequency - % of samples >0.5 mg/kg ww
# of Samples with THg Concentrations Exceeding Health Canada Advisory Level for

Subsistence Consumers of 0.2 mg/kg ww
Exceedance Frequency - % of samples >0.2 mg/kg ww

UCLM95-based EPC 95% Chebyshev (Mean, Sd) UCL

# of Samples with THg Concentrations Exceeding U.S. EPA Fish Tissue Criterion for
Consumers of Non-Commercial Freshwater/Estuarine Fish (0.3 mg/kg ww)

Exceedance Frequency - % of samples >0.3 mg/kg ww
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Study Area Fish Data Summary: Northern Pike

Species Year Location Sample ID Length (mm)
Total Mercury (THg)

Concentration
(mg/kg ww)

Methylmercury (MeHg)
Concentration

(ug/kg ww)

PUFA Concentration
(g/100g; ww)

Selenium
Concentration
(mg/kg ww)

Northern Pike 2015 Tributary NP08 158 <0.05
Northern Pike 2015 Tributary NP09A 153 <0.05
Northern Pike 2015 Tributary NP10 152 0.06
Northern Pike 2015 Tributary NP13 456 0.12
Northern Pike 2015 Mainstem Slow NP14 172 <0.05
Northern Pike 1999 Mainstem Slow 99MNP001 293 0.13
Northern Pike 1999 Mainstem Slow 99MNP002 183 0.08
Northern Pike 1999 Mainstem Slow 99MNP003 525 0.17
Northern Pike 2010 Mainstem Slow NP1 108 0.03
Northern Pike 2010 Mainstem Slow NP2 120 0.01
Northern Pike 2010 Mainstem Slow NP5 260 0.06
Northern Pike 2010 Mainstem Slow NP6 275 0.08
Northern Pike 2010 Mainstem Slow NP7 248 0.05
Northern Pike 2010 Mainstem Slow NP8 125 0.01
Northern Pike 2010 Mainstem Slow NP9 110 0.02
Northern Pike 2010 Mainstem Slow NP10 100 0.02
Northern Pike 2010 Mainstem Slow NP11 240 0.02
Northern Pike 2010 Mainstem Slow NP12 129 0.02
Northern Pike 2010 Mainstem Slow NP13 152 0.01
Northern Pike 2011 Tributary NP01 270 0.08
Northern Pike 2011 Mainstem Slow NP02 290 0.05
Northern Pike 2011 Mainstem Slow NP03 505 0.08
Northern Pike 2011 Tributary NP04 225 0.08
Northern Pike 2011 Tributary NP05 376 0.15
Northern Pike 2012 Mainstem Slow NP01 485 0.13
Northern Pike 2012 Mainstem Slow NP01 500 0.093
Northern Pike 2012 Tributary NP02 143 0.056
Northern Pike 2012 Mainstem Slow NP03 264 0.067
Northern Pike 2012 Mainstem Slow NP04 197 0.057
Northern Pike 2012 Mainstem Slow NP05 154 0.059
Northern Pike 2012 Mainstem Slow NP06 216 0.064
Northern Pike 2013 Estuary NP01 137 <0.05
Northern Pike 2013 Tributary NP01 870 0.08
Northern Pike 2013 Tributary NP02 640 <0.05
Northern Pike 2013 Tributary NP03 770 0.13
Northern Pike 2013 Tributary NP04 520 <0.05
Northern Pike 2013 Tributary NP05 205 <0.05
Northern Pike 2013 Tributary NP06 522 <0.05
Northern Pike 2013 Tributary NP07 690 0.09
Northern Pike 2013 Tributary NP08 620 0.06
Northern Pike 2013 Tributary NP09 586 <0.05
Northern Pike 2013 Tributary NP10 331 <0.05
Northern Pike 2013 Tributary NP11 628 0.13
Northern Pike 2013 Tributary NP12 580 <0.05
Northern Pike 2013 Tributary NP13 600 <0.05
Northern Pike 2013 Tributary NP14 590 <0.05
Northern Pike 2013 Tributary NP15 213 <0.05
Northern Pike 2013 Tributary NP16 217 <0.05
Northern Pike 2013 Tributary NP17 610 <0.05
Northern Pike 2013 Tributary NP19 210 <0.05
Northern Pike 2013 Tributary NP20 0.05
Northern Pike 2013 Tributary NP01 256 <0.05
Northern Pike 2013 Tributary NP02 283 <0.05
Northern Pike 2013 Tributary NP03 231 <0.05
Northern Pike 2013 Tributary NP04 163 <0.05
Northern Pike 2013 Tributary NP04A 255 <0.05
Northern Pike 2013 Mainstem Slow NP09 324 <0.05
Northern Pike 2013 Tributary NP11 276 <0.05
Northern Pike 2014 Mainstem Slow NP01 540 0.09
Northern Pike 2014 Tributary NP01 496 0.07 142 <1
Northern Pike 2014 Tributary NP02 594 0.08 180 <1
Northern Pike 2014 Tributary NP03 608 0.09 221 <1
Northern Pike 2014 Tributary NP04 620 0.08 212 <1
Northern Pike 2014 Tributary NP05 648 0.14 405
Northern Pike 2014 Tributary NP06 690 0.16 373 <1
Northern Pike 2014 Tributary NP07 592 0.08
Northern Pike 2014 Tributary NP08 508 <0.05
Northern Pike 2014 Tributary NP09 239 <0.05
Northern Pike 2010 CR ("Section 1") NA 100 0.02
Northern Pike 2010 CR ("Section 1") NA 108 0.03
Northern Pike 2010 CR ("Section 1") NA 110 0.02
Northern Pike 2010 CR ("Section 1") NA 120 0.01
Northern Pike 2010 CR ("Section 1") NA 125 0.01
Northern Pike 2010 CR ("Section 1") NA 129 0.02
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Study Area Fish Data Summary: Northern Pike

Species Year Location Sample ID Length (mm)
Total Mercury (THg)

Concentration
(mg/kg ww)

Methylmercury (MeHg)
Concentration

(ug/kg ww)

PUFA Concentration
(g/100g; ww)

Selenium
Concentration
(mg/kg ww)

Northern Pike 2010 CR ("Section 1") NA 152 0.01
Northern Pike 2010 CR ("Section 1") NA 240 0.02
Northern Pike 2010 CR ("Section 1") NA 248 0.05
Northern Pike 2010 CR ("Section 1") NA 260 0.06
Northern Pike 2010 CR ("Section 1") NA 275 0.08
Northern Pike 2004 Winokapau Lake NA 429 0.27
Northern Pike 2004 Winokapau Lake NA 570 0.37
Northern Pike 2004 Winokapau Lake NA 603 0.57
Northern Pike 2004 Winokapau Lake NA 618 0.27
Northern Pike 2004 Winokapau Lake NA 725 0.85
Northern Pike 2004 Winokapau Lake NA 755 0.91
Northern Pike 2004 Winokapau Lake NA 782 1
Northern Pike 2004 Winokapau Lake NA 785 2.7
Northern Pike 2004 Winokapau Lake NA 805 0.92
Northern Pike 2004 Winokapau Lake NA 840 1.3
Northern Pike 2004 Winokapau Lake NA 852 1.5
Northern Pike 2004 Winokapau Lake NA 894 1.3
Northern Pike 2004 Winokapau Lake NA 915 1.3
Northern Pike 2004 Winokapau Lake NA 949 1.4

92 93 6 0 5
949 2.7 405 0 0
100 0.01 142 0 0

26 0 0 5
28% 0% NC 100%
67 6 0 0

72% 100% NC 0%

11 NC NC NC

12% NC NC NC

14 NC NC NC

15% NC NC NC

12 NC NC NC

13% NC NC NC
0.40

NA = not available as not reported in Stantec (2010).
PUFA = polyunsaturated fatty acids.
NC = not calculated as not relevant to the noted exceedance.
CR = Churchill River.
CFIA = Canadian Food Inspection Agency.
ww = wet weight.
RDL = reported detection limit.
EPC = exposure point concentration.
UCLM95 = upper 95% confidence limit on arithmetic mean.
"<" denotes that concentration is less than the RDL.

% of Samples with Non-Detectable THg Concentrations (<RDL)a

Detection Frequency - # of Samples with THg Concentrations >RDLa

Detection Frequency - % of Samples with THg Concentrations >RDLa

# of Samples with THg Concentrations Exceeding Health Canada (CFIA) Action Level for
Mercury in Fish and Fish Products (0.5 mg/kg ww)

Number of Sample(s) (N)
Maximum
Minimum

Number of Samples with Non-Detectable THg Concentrations (<RDL)a

NOTES:
a. Only samples from the AMEC aquatic Environmental Effects Monitoring (EEM) dataset could be used to determine the number of samples with THg concentrations less than the laboratory's RDL, as
the data compiled by Stantec (2010) did not report RDLs or otherwise differentiate between non-detectable and detectable concentrations.  It was assumed that all concentrations reported in Stantec
(2010) were at or above the RDL and that all samples with concentrations less than the RDL had been assumed to be present at concentrations equal to the RDL value.

Exceedance Frequency - % of samples >0.5 mg/kg ww
# of Samples with THg Concentrations Exceeding Health Canada Advisory Level for

Subsistence Consumers of 0.2 mg/kg ww
Exceedance Frequency - % of samples >0.2 mg/kg ww

UCLM95-based EPC 95% Chebyshev (Mean, Sd) UCL

# of Samples with THg Concentrations Exceeding U.S. EPA Fish Tissue Criterion for
Consumers of Non-Commercial Freshwater/Estuarine Fish (0.3 mg/kg ww)

Exceedance Frequency - % of samples >0.3 mg/kg ww
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Study Area Fish Data Summary: Tom Cod

Species Year Location Sample ID Length (mm)
Total Mercury (THg)

Concentration
(mg/kg ww)

Methylmercury (MeHg)
Concentration

(ug/kg ww)

PUFA Concentration
(g/100g; ww)

Selenium
Concentration

(mg/kg ww)
Tomcod 1999 Estuary 99ETC009 280 0.16
Tomcod 1999 Estuary 99ETC010 261 0.36
Tomcod 1999 Estuary 99ETC013 195 0.08
Tomcod 1999 Estuary 99ETC017 269 0.18
Tomcod 1999 Estuary 99ETC018 230 0.13
Tomcod 1999 Estuary 99ETC020 238 0.11
Tomcod 1999 Estuary 99ETC021 255 0.21
Tomcod 1999 Estuary 99ETC022 250 0.23
Tomcod 1999 Estuary 99ETC024B 301 0.11
Tomcod 1999 Estuary 99ETC025 217 0.2
Tomcod 1999 Estuary 99ETC026 208 0.18
Tomcod 1999 Estuary 99ETC040 172 0.14
Tomcod 1999 Estuary 99ETC041 193 0.07
Tomcod 1999 Estuary 99ETC042 192 0.16
Tomcod 1999 Estuary 99ETC043 158 0.16
Tomcod 1999 Estuary 99ETC044 180 0.14
Tomcod 1999 Estuary 99ETC045 172 0.05
Tomcod 1999 Estuary 99ETC046 165 0.09
Tomcod 1999 Estuary 99ETC048 259 0.24
Tomcod 1999 Estuary 99ETC051 249 0.15
Tomcod 1999 Estuary 99ETC053 245 0.23
Tomcod 1999 Estuary 99ETC054 251 0.15
Tomcod 1999 Estuary/Sandy Pt. NA 176 0.17
Tomcod 1999 Estuary/Sandy Pt. NA 173 0.06
Tomcod 1999 Estuary/Sandy Pt. NA 178 0.09
Tomcod 1999 Estuary/Sandy Pt. NA 170 0.14
Tomcod 1999 Estuary/Sandy Pt. NA 142 0.06
Tomcod 1999 Estuary/Sandy Pt. NA 219 0.27
Tomcod 1999 Estuary/Sandy Pt. NA 190 0.16
Tomcod 1999 Estuary/Sandy Pt. NA 195 0.06
Tomcod 2011 Estuary TC01 178 0.05
Tomcod 2011 Estuary TC01 244 0.09
Tomcod 2011 Estuary TC01 212 0.07
Tomcod 2011 Estuary TC02 201 0.09
Tomcod 2011 Estuary TC03 249 0.07
Tomcod 2011 Estuary TC04 250 0.05
Tomcod 2011 Estuary TC02 238 0.07
Tomcod 2011 Estuary TC03 245 0.04
Tomcod 2011 Estuary TC04 178 0.05
Tomcod 2013 Estuary TC10 245 0.06
Tomcod 2013 Estuary TC11 220 <0.05
Tomcod 2013 Estuary TC12 149 <0.05
Tomcod 2013 Estuary TC13 143 <0.05
Tomcod 2013 Estuary TC15 132 <0.05
Tomcod 2013 Estuary TC16 238 <0.05
Tomcod 2013 Estuary TC16A 145 <0.05
Tomcod 2013 Estuary TC17 142 <0.05
Tomcod 2013 Estuary TC18 152 <0.05
Tomcod 2013 Estuary TC19 132 <0.05
Tomcod 2013 Estuary TC20 214 <0.05
Tomcod 2013 Estuary TC21 208 <0.05
Tomcod 2013 Estuary TC22 150 <0.05
Tomcod 2014 Estuary TC01 203 <0.05
Tomcod 2014 Estuary TC10 192 <0.05
Tomcod 2014 Estuary TC23 214 <0.05
Tomcod 2014 Estuary TC24 262 <0.05
Tomcod 2014 Estuary TC25 231 <0.05
Tomcod 2014 Estuary TC26 223 <0.05
Tomcod 2014 Estuary TC27 228 <0.05
Tomcod 2014 Estuary TC28 237 <0.05
Tomcod 2014 Estuary TC29 265 <0.05
Tomcod 2014 Estuary TC30 251 <0.05
Tomcod 2014 Estuary TC31 260 <0.05
Tomcod 2014 Estuary TC32 251 <0.05
Tomcod 2014 Estuary TC33 253 <0.05
Tomcod 2014 Estuary TC34 241 <0.05
Tomcod 2014 Estuary TC35 245 <0.05
Tomcod 2014 Estuary TC36 244 <0.05
Tomcod 2014 Estuary TC37 232 <0.05
Tomcod 2014 Estuary TC38 235 <0.05
Tomcod 2014 Estuary TC39 212 <0.05
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Study Area Fish Data Summary: Tom Cod

Species Year Location Sample ID Length (mm)
Total Mercury (THg)

Concentration
(mg/kg ww)

Methylmercury (MeHg)
Concentration

(ug/kg ww)

PUFA Concentration
(g/100g; ww)

Selenium
Concentration

(mg/kg ww)
Tomcod 2014 Estuary TC40 206 <0.05
Tomcod 2014 Estuary TC41 205 <0.05
Tomcod 2014 Estuary TC42 211 <0.05
Tomcod 2014 Estuary TC43 233 <0.05
Tomcod 2014 Estuary TC44 213 <0.05
Tomcod 2014 Estuary TC45 226 <0.05
Tomcod 2014 Estuary TC46 220 <0.05
Tomcod 2014 Estuary TC47 218 <0.05
Tomcod 2014 Estuary TC48 203 <0.05
Tomcod 2014 Estuary TC49 194 <0.05
Tomcod 2014 Estuary TC50 222 <0.05
Tomcod 2014 Estuary TC51 219 0.05
Tom Cod 2015 Estuary TC01 231 <0.05
Tom Cod 2015 Estuary TC02 212 <0.05
Tom Cod 2015 Estuary TC05 296 <0.05
Tom Cod 2015 Estuary TC06 264 <0.05
Tom Cod 2015 Estuary TC03 215 <0.05
Tom Cod 2015 Estuary TC04 187 <0.05
Tom Cod 2015 Estuary TC09 187 <0.05
Tom Cod 2015 Estuary TC10 182 <0.05

91 91 0 0 0
301 0.36 0 0 0
132 0.04 0 0 0

50 0 0 0
55% NC NC NC
41 0 0 0

45% NC NC NC

0 NC NC NC

0% NC NC NC

6 NC NC NC

7% NC NC NC

1 NC NC NC

1% NC NC NC
0.11

NA = not available as not reported in Stantec (2010).
PUFA = polyunsaturated fatty acids.
NC = not calculated as not relevant to the noted exceedance.
CFIA = Canadian Food Inspection Agency.
ww = wet weight.
RDL = reported detection limit.
EPC = exposure point concentration.
UCLM95 = upper 95% confidence limit on arithmetic mean.
"<" denotes that concentration is less than the RDL.

% of Samples with Non-Detectable THg Concentrations (<RDL)a

Detection Frequency - # of Samples with THg Concentrations >RDLa

Detection Frequency - % of Samples with THg Concentrations >RDLa

# of Samples with THg Concentrations Exceeding Health Canada (CFIA) Action Level
for Mercury in Fish and Fish Products (0.5 mg/kg ww)

Number of Sample(s) (N)
Maximum
Minimum

Number of Samples with Non-Detectable THg Concentrations (<RDL)a

NOTES:

a. Only samples from the AMEC aquatic Environmental Effects Monitoring (EEM) dataset could be used to determine the number of samples with THg concentrations less than the laboratory's
RDL, as the data compiled by Stantec (2010) did not report RDLs or otherwise differentiate between non-detectable and detectable concentrations.  It was assumed that all concentrations
reported in Stantec (2010) were at or above the RDL and that all samples with concentrations less than the RDL had been assumed to be present at concentrations equal to the RDL value.

Exceedance Frequency - % of samples >0.5 mg/kg ww
# of Samples with THg Concentrations Exceeding Health Canada Advisory Level for

Subsistence Consumers of 0.2 mg/kg ww
Exceedance Frequency - % of samples >0.2 mg/kg ww

UCLM95-based EPC 95% Chebyshev (Mean, Sd) UCL

# of Samples with THg Concentrations Exceeding U.S. EPA Fish Tissue Criterion for
Consumers of Non-Commercial Freshwater/Estuarine Fish (0.3 mg/kg ww)

Exceedance Frequency - % of samples >0.3 mg/kg ww
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Study Area Fish Data Summary: White Sucker

Species Year Location Sample ID Length (mm)
Total Mercury (THg)

Concentration
(mg/kg ww)

Methylmercury (MeHg)
Concentration

(ug/kg ww)

PUFA Concentration
(g/100g; ww)

Selenium
Concentration

(mg/kg ww)
White Sucker 2015 Tributary WS21 273 0.09
White Sucker 2015 Mainstem Slow WS31 290 0.08
White Sucker 2015 Mainstem Slow WS32 300 0.08
White Sucker 2015 Tributary WS33 253 0.1
White Sucker 2015 Tributary WS34 257 0.09
White Sucker 2015 Tributary WS35 239 0.12
White Sucker 2015 Mainstem Slow WS46 262 0.06
White Sucker 2015 Tributary WS49 282 0.12
White Sucker 2015 Tributary WS50 252 0.08
White Sucker 2015 Tributary WS51 264 0.09
White sucker 2015 Mainstem Slow WS52 317 0.05
White Sucker 2015 Tributary WS52A 338 0.06
White Sucker 2015 Mainstem Slow WS53 386 <0.05
White Sucker 2015 Tributary WS53A 271 0.08
White Sucker 2015 Tributary WS54A 233 0.09
White Sucker 2015 Tributary WS55A 247 0.14
White Sucker 2015 Tributary WS56A 257 0.12
White Sucker 2015 Tributary WS57A 246 0.15
White Sucker 2015 Tributary WS58A 223 0.11
White Sucker 2015 Tributary WS59A 240 0.06
White Sucker 2015 Tributary WS60A 223 0.12
White Sucker 2015 Estuary WS01 213 <0.05
White Sucker 2015 Estuary WS02 325 <0.05
White Sucker 2015 Estuary WS03 298 <0.05
White Sucker 2015 Estuary WS04 306 <0.05
White Sucker 2015 Estuary WS05 306 0.09
White Sucker 2015 Estuary WS06 303 <0.05
White Sucker 2015 Estuary WS07 303 <0.05
White Sucker 2015 Estuary WS08 261 <0.05
White Sucker 2015 Estuary WS09 256 <0.05
White Sucker 2015 Estuary WS10 235 <0.05
White Sucker 2015 Estuary WS11 243 <0.05
White Sucker 2015 Estuary WS12 261 <0.05
White Sucker 2015 Estuary WS13 232 <0.05
White Sucker 2015 Estuary WS14 244 <0.05
White Sucker 2015 Estuary WS15 224 <0.05
White Sucker 2015 Estuary WS16 224 <0.05
White Sucker 2015 Estuary WS17 235 0.05
White Sucker 2015 Estuary WS18 185 <0.05
White Sucker 2015 Estuary WS19 298 <0.05
White Sucker 2015 Estuary WS20 316 0.07
White Sucker 2015 Estuary WS21 255 <0.05
White Sucker 2015 Estuary WS22 223 <0.05
White Sucker 2015 Estuary WS23 227 <0.05
White Sucker 2015 Estuary WS24 213 <0.05
White Sucker 2015 Estuary WS25 204 <0.05
White Sucker 2015 Estuary WS26 185 <0.05
White Sucker 2015 Estuary WS26a 268 <0.05
White Sucker 2015 Estuary WS27 275 0.06
White Sucker 2015 Estuary WS28 223 <0.05
White Sucker 2015 Estuary WS29 208 <0.05
White Sucker 2015 Estuary WS30 207 <0.05
White Sucker 2015 Estuary WS31 245 <0.05
White Sucker 2015 Estuary WS32 244 <0.05
White Sucker 2015 Estuary WS33 285 <0.05
White Sucker 2015 Estuary WS34 253 <0.05
White Sucker 2015 Estuary WS35 230 <0.05
White Sucker 2015 Estuary WS36 207 <0.05
White Sucker 2015 Estuary WS37 214 <0.05
White Sucker 2015 Estuary WS38 284 <0.05
White Sucker 2015 Estuary WS39 265 <0.05
White Sucker 2015 Estuary WS40 213 <0.05
White Sucker 2015 Estuary WS41 227 <0.05
White Sucker 2015 Estuary WS42 204 <0.05
White Sucker 2015 Estuary WS43 289 <0.05
White Sucker 2015 Estuary WS44 230 <0.05
White Sucker 2015 Estuary WS45 175 <0.05
White Sucker 2015 Estuary WS46 182 <0.05
White Sucker 2015 Estuary WS47 167 <0.05
White Sucker 2015 Tributary WS47 227 0.15
White Sucker 2011 Estuary CWS01 353 0.14
White Sucker 2011 Estuary WS01 232 0.05
White Sucker 2011 Estuary WS02 232 0.06
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Study Area Fish Data Summary: White Sucker

Species Year Location Sample ID Length (mm)
Total Mercury (THg)

Concentration
(mg/kg ww)

Methylmercury (MeHg)
Concentration

(ug/kg ww)

PUFA Concentration
(g/100g; ww)

Selenium
Concentration

(mg/kg ww)
White Sucker 2011 Estuary WS03 171 0.03
White Sucker 2011 Estuary WS04 160 0.05
White Sucker 2011 Estuary WS05 211 0.03
White Sucker 2011 Estuary WS06 198 0.03
White Sucker 2011 Estuary WS07 185 0.03
White Sucker 2011 Estuary WS08 237 0.04
White Sucker 2011 Estuary WS09 215 0.06
White Sucker 2011 Estuary WS10 190 0.03
White Sucker 2011 Estuary WS11 188 0.02
White Sucker 2011 Estuary WS12 181 0.03
White Sucker 2011 Estuary WS13 180 0.04
White Sucker 2011 Estuary WS14 183 0.03
White Sucker 2011 Estuary WS15 255 0.04
White Sucker 2011 Estuary WS16 243 0.07
White Sucker 2011 Estuary WS17 209 0.07
White Sucker 2011 Estuary WS18 226 0.04
White Sucker 2011 Estuary WS19 239 0.04
White Sucker 2011 Estuary WS20 200 0.04
White Sucker 2011 Estuary WS21 202 0.05
White Sucker 2011 Estuary WS22 315 0.13
White Sucker 2011 Estuary WS23 300 0.04
White Sucker 2011 Estuary WS24 331 0.13
White Sucker 2011 Estuary WS25 313 0.07
White Sucker 2011 Estuary WS26 309 0.1
White Sucker 2011 Estuary WS27 298 0.1
White Sucker 2011 Estuary WS01 355 0.14
White Sucker 2011 Tributary WS01 311 0.15
White Sucker 2011 Tributary WS02 258 0.06
White Sucker 2011 Tributary WS03 238 0.08
White Sucker 2011 Tributary WS04 239 0.05
White Sucker 2011 Tributary WS05 130 0.04
White Sucker 2011 Tributary WS06 234 0.06
White Sucker 2011 Tributary WS07 224 0.05
White Sucker 2011 Tributary WS08 259 0.06
White Sucker 2011 Tributary WS09 293 0.13
White Sucker 2011 Tributary WS10 256 0.09
White Sucker 2011 Tributary WS11 305 0.16
White Sucker 2011 Tributary WS13 363 0.05
White Sucker 2011 Tributary WS14 387 0.11
White Sucker 2011 Tributary WS15 399 0.06
White Sucker 2011 Tributary WS16 322 0.51
White Sucker 2011 Tributary WS17 338 0.02
White Sucker 2011 Tributary WS18 293 0.05
White Sucker 2011 Mainstem Slow WS19 222 0.08
White Sucker 2011 Mainstem Slow WS20 219 0.12
White Sucker 2011 Mainstem Slow WS21 171 0.11
White Sucker 2011 Mainstem Slow WS22 177 0.05
White Sucker 2011 Mainstem Slow WS23 170 0.05
White Sucker 2011 Mainstem Slow WS24 223 0.08
White Sucker 2011 Mainstem Slow WS25 170 0.02
White Sucker 2011 Mainstem Slow WS26 172 0.04
White Sucker 2011 Tributary WS28 408 0.17
White Sucker 2011 Tributary WS29 370 0.07
White Sucker 2011 Tributary WS30 375 0.09
White Sucker 2011 Tributary WS31 348 0.07
White Sucker 2011 Tributary WS32 308 0.07
White Sucker 2011 Tributary WS33 321 0.05
White Sucker 2011 Tributary WS34 358 0.11
White Sucker 2011 Tributary WS35 376 0.07
White Sucker 2011 Tributary WS36 385 0.05
White Sucker 2011 Tributary WS37 350 0.09
White Sucker 2011 Tributary WS38 350 0.05
White Sucker 2011 Tributary WS39 332 0.08
White Sucker 2011 Tributary WS40 320 0.1
White Sucker 2011 Tributary WS41 330 0.07
White Sucker 2012 Mainstem Slow WS04 222 0.045
White Sucker 2012 Mainstem Slow WS01 415 0.024
White Sucker 2012 Mainstem Slow WS02 164 0.037
White Sucker 2012 Mainstem Slow WS03 169 0.082
White Sucker 2012 Mainstem Slow WS04 182 0.037
White Sucker 2012 Mainstem Slow WS05 139 0.035
White Sucker 2012 Mainstem Slow WS06 136 0.036
White Sucker 2012 Tributary WS07 350 0.14
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Study Area Fish Data Summary: White Sucker

Species Year Location Sample ID Length (mm)
Total Mercury (THg)

Concentration
(mg/kg ww)

Methylmercury (MeHg)
Concentration

(ug/kg ww)

PUFA Concentration
(g/100g; ww)

Selenium
Concentration

(mg/kg ww)
White Sucker 2012 Tributary WS08 299 0.073
White Sucker 2012 Tributary WS09 215 0.093
White Sucker 2012 Tributary WS10 196 0.074
White Sucker 2012 Tributary WS11 220 0.051
White Sucker 2012 Tributary WS12 155 0.058
White Sucker 2012 Mainstem Slow WS14 401 0.031
White Sucker 2012 Mainstem Slow WS15 211 0.081
White Sucker 2012 Mainstem Slow WS16 162 0.045
White Sucker 2012 Mainstem Slow WS17 138 0.022
White Sucker 2012 Mainstem Slow WS18 131 0.043
White Sucker 2012 Tributary WS22 350 0.12
White Sucker 2012 Mainstem Slow WS23 132 0.024
White Sucker 2012 Mainstem Slow WS24 336 0.092
White Sucker 2012 Mainstem Slow WS25 331 0.066
White Sucker 2012 Mainstem Slow WS26 189 0.05
White Sucker 2012 Tributary WS27 370 0.13
White Sucker 2012 Tributary WS28 302 0.077
White Sucker 2012 Tributary WS29 263 0.2
White Sucker 2012 Tributary WS30 135 0.085
White Sucker 2012 Mainstem Slow WS34 349 0.045
White Sucker 2012 Mainstem Slow WS40 265 0.13
White Sucker 2013 Estuary WS01 334 <0.05
White Sucker 2013 Estuary WS02 186 <0.05
White Sucker 2013 Estuary WS03 208 <0.05
White Sucker 2013 Estuary WS04 137 <0.05
White Sucker 2013 Estuary WS05 127 <0.05
White Sucker 2013 Estuary WS06 109 <0.05
White Sucker 2013 Estuary WS07 197 <0.05
White Sucker 2013 Estuary WS08 189 <0.05
White Sucker 2013 Estuary WS09 172 <0.05
White Sucker 2013 Estuary WS10 193 <0.05
White Sucker 2013 Estuary WS11 223 <0.05
White Sucker 2013 Estuary WS12 221 <0.05
White Sucker 2013 Estuary WS15 192 <0.05
White Sucker 2013 Estuary WS16 183 <0.05
White Sucker 2013 Estuary WS17 200 <0.05
White Sucker 2013 Estuary WS18 204 <0.05
White Sucker 2013 Estuary WS19 194 <0.05
White Sucker 2013 Estuary WS20 187 <0.05
White Sucker 2013 Estuary WS21 185 <0.05
White Sucker 2013 Estuary WS22 209 <0.05
White Sucker 2013 Estuary WS23 186 <0.05
White Sucker 2013 Estuary WS24 174 <0.05
White Sucker 2013 Estuary WS25 165 <0.05
White Sucker 2013 Estuary WS26 180 <0.05
White Sucker 2013 Estuary WS27 174 <0.05
White Sucker 2013 Estuary WS35 320 0.12
White Sucker 2013 Estuary WS36 328 0.13
White Sucker 2013 Estuary WS37 288 <0.05
White Sucker 2013 Estuary WS66 222 <0.05
White Sucker 2013 Estuary WS76 127 <0.05
White Sucker 2013 Estuary WS77 184 <0.05
White Sucker 2013 Estuary WS78 189 <0.05
White Sucker 2013 Estuary WS79 164 <0.05
White Sucker 2013 Estuary WS80 160 <0.05
White Sucker 2013 Estuary WS81 220 <0.05
White Sucker 2013 Estuary WS82 204 <0.05
White Sucker 2013 Estuary WS83 233 <0.05
White Sucker 2013 Estuary WS86 338 <0.05
White Sucker 2013 Estuary WS87 114 <0.05
White Sucker 2013 Estuary WS88 115 <0.05
White Sucker 2013 Estuary WS89 243 <0.05
White Sucker 2013 Estuary WS90 235 <0.05
White Sucker 2013 Estuary WS91 214 <0.05
White Sucker 2013 Mainstem Slow WS01 338 <0.05
White Sucker 2013 Tributary WS02 308 <0.05
White Sucker 2013 Tributary WS03 368 <0.05
White Sucker 2013 Tributary WS04 307 <0.05
White Sucker 2013 Tributary WS05 334 <0.05
White Sucker 2013 Tributary WS06 300 <0.05
White Sucker 2013 Tributary WS07 302 <0.05
White Sucker 2013 Tributary WS08 294 0.07
White Sucker 2013 Tributary WS09 256 <0.05
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Study Area Fish Data Summary: White Sucker

Species Year Location Sample ID Length (mm)
Total Mercury (THg)

Concentration
(mg/kg ww)

Methylmercury (MeHg)
Concentration

(ug/kg ww)

PUFA Concentration
(g/100g; ww)

Selenium
Concentration

(mg/kg ww)
White Sucker 2013 Tributary WS10 290 <0.05
White Sucker 2013 Tributary WS11 253 0.07
White Sucker 2013 Tributary WS12 255 <0.05
White Sucker 2013 Tributary WS13 297 <0.05
White Sucker 2013 Tributary WS14 272 <0.05
White Sucker 2013 Tributary WS15 394 <0.05
White Sucker 2013 Tributary WS16 378 <0.05
White Sucker 2013 Tributary WS17 276 <0.05
White Sucker 2013 Tributary WS18 315 <0.05
White Sucker 2013 Tributary WS19 237 <0.05
White Sucker 2013 Tributary WS20 319 <0.05
White Sucker 2013 Tributary WS21 284 <0.05
White Sucker 2013 Tributary WS22 305 <0.05
White Sucker 2013 Tributary WS23 416 <0.05
White Sucker 2013 Tributary WS24 402 <0.05
White Sucker 2013 Tributary WS25 300 <0.05
White Sucker 2013 Tributary WS26 329 0.1
White Sucker 2013 Tributary WS27 250 <0.05
White Sucker 2013 Tributary WS28 311 0.12
White Sucker 2013 Tributary WS29 353 <0.05
White Sucker 2013 Tributary WS30 300 <0.05
White Sucker 2013 Tributary WS223 324 <0.05
White Sucker 2013 Tributary WS224 287 <0.05
White Sucker 2014 Tributary WS131 268 <0.05
White Sucker 2014 Tributary WS132 271 0.09
White Sucker 2014 Tributary WS133 294 <0.05 62.9
White Sucker 2014 Tributary WS134 215 <0.05
White Sucker 2014 Tributary WS135 274 <0.05
White Sucker 2014 Tributary WS136 250 <0.05
White Sucker 2014 Tributary WS137 189 <0.05
White Sucker 2014 Tributary WS138 261 <0.05
White Sucker 2014 Tributary WS139 277 <0.05
White Sucker 2014 Tributary WS140 276 <0.05
White Sucker 2014 Tributary WS141 310 0.06 146
White Sucker 2014 Tributary WS142 290 <0.05
White Sucker 2014 Tributary WS143 253 <0.05
White Sucker 2014 Tributary WS144 273 <0.05
White Sucker 2014 Tributary WS145 271 0.34
White Sucker 2014 Tributary WS146 350 0.07
White Sucker 2014 Tributary WS147 348 <0.05
White Sucker 2014 Tributary WS148 213 <0.05
White Sucker 2014 Tributary WS149 256 <0.05
White Sucker 2014 Tributary WS150 306 0.09
White Sucker 2014 Tributary WS151 314 0.08
White Sucker 2014 Tributary WS152 275 <0.05
White Sucker 2014 Tributary WS153 313 <0.05
White Sucker 2014 Tributary WS154 238 <0.05
White Sucker 2014 Tributary WS155 311 <0.05
White Sucker 2014 Tributary WS156 247 <0.05
White Sucker 2014 Tributary WS157 276 0.08
White Sucker 2014 Tributary WS158 283 <0.05
White Sucker 2014 Tributary WS159 269 <0.05
White Sucker 2014 Tributary WS160 254 <0.05
White sucker 2014 Estuary WS01 302 <0.05
White sucker 2014 Estuary WS02 321 <0.05
White sucker 2014 Estuary WS03 347 <0.05
White sucker 2014 Estuary WS04 300 <0.05
White sucker 2014 Estuary WS05 328 <0.05
White sucker 2014 Estuary WS06 312 <0.05
White sucker 2014 Estuary WS07 224 <0.05
White sucker 2014 Estuary WS08 245 <0.05
White sucker 2014 Estuary WS09 218 <0.05
White sucker 2014 Estuary WS10 232 0.05
White sucker 2014 Estuary WS11 219 <0.05
White sucker 2014 Estuary WS12 225 <0.05
White sucker 2014 Estuary WS13 211 <0.05
White sucker 2014 Estuary WS14 222 <0.05
White sucker 2014 Estuary WS15 216 <0.05
White sucker 2014 Estuary WS16 195 <0.05
White sucker 2014 Estuary WS17 199 <0.05
White sucker 2014 Estuary WS18 251 <0.05
White sucker 2014 Estuary WS19 250 <0.05
White sucker 2014 Estuary WS20 224 <0.05
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Study Area Fish Data Summary: White Sucker

Species Year Location Sample ID Length (mm)
Total Mercury (THg)

Concentration
(mg/kg ww)

Methylmercury (MeHg)
Concentration

(ug/kg ww)

PUFA Concentration
(g/100g; ww)

Selenium
Concentration

(mg/kg ww)
White sucker 2014 Estuary WS21 235 <0.05
White sucker 2014 Estuary WS22 220 <0.05
White sucker 2014 Estuary WS23 182 <0.05
White sucker 2014 Estuary WS24 172 <0.05
White sucker 2014 Estuary WS25 208 <0.05
White sucker 2014 Estuary WS26 180 <0.05
White sucker 2014 Estuary WS27 175 <0.05
White sucker 2014 Estuary WS28 151 <0.05
White sucker 2014 Estuary WS29 172 <0.05
White sucker 2014 Estuary WS30 165 <0.05
White sucker 2014 Estuary WS48 333 <0.05
White sucker 2014 Estuary WS49 316 <0.05
White sucker 2014 Estuary WS50 285 <0.05
White sucker 2014 Estuary WS51 277 <0.05
White sucker 2014 Estuary WS52 220 <0.05
White sucker 2014 Estuary WS53 241 <0.05
White sucker 2014 Estuary WS54 214 <0.05
White sucker 2014 Estuary WS55 217 <0.05
White sucker 2014 Estuary WS56 205 <0.05
White sucker 2014 Estuary WS57 247 <0.05
White sucker 2014 Estuary WS58 293 <0.05
White sucker 2014 Estuary WS59 239 <0.05
White sucker 2014 Estuary WS60 220 <0.05
White sucker 2014 Estuary WS61 223 <0.05
White sucker 2014 Estuary WS62 229 <0.05
White sucker 2014 Estuary WS63 258 <0.05
White sucker 2014 Estuary WS64 251 <0.05
White sucker 2014 Estuary WS65 208 <0.05
White sucker 2014 Estuary WS66 247 <0.05
White sucker 2014 Estuary WS67 218 <0.05
White sucker 2014 Estuary WS68 224 <0.05
White sucker 2014 Estuary WS69 221 <0.05
White sucker 2014 Estuary WS70 188 <0.05
White sucker 2014 Estuary WS71 210 <0.05
White sucker 2014 Estuary WS72 181 <0.05
White sucker 2014 Estuary WS73 222 <0.05
White sucker 2014 Estuary WS74 171 <0.05
White sucker 2014 Estuary WS75 187 <0.05
White sucker 2014 Estuary WS76 216 <0.05
White sucker 2014 Estuary WS77 207 <0.05
White sucker 2014 Estuary WS78 205 <0.05
White Sucker 2004 Gull Lake NA 122 0.089
White Sucker 2004 Gull Lake NA 124 0.037
White Sucker 2004 Gull Lake NA 225 0.14
White Sucker 2004 Gull Lake NA 237 0.11
White Sucker 2004 Gull Lake NA 242 0.13
White Sucker 2004 Gull Lake NA 242 0.085
White Sucker 2004 Gull Lake NA 243 0.056
White Sucker 2004 Gull Lake NA 247 0.12
White Sucker 2004 Gull Lake NA 256 0.13
White Sucker 2004 Gull Lake NA 257 0.12
White Sucker 2004 Gull Lake NA 257 0.14
White Sucker 2004 Gull Lake NA 257 0.15
White Sucker 2004 Gull Lake NA 259 0.1
White Sucker 2004 Gull Lake NA 277 0.098
White Sucker 2004 Gull Lake NA 317 0.15
White Sucker 2004 Gull Lake NA 334 0.2
White Sucker 2004 Gull Lake NA 356 0.19
White Sucker 2004 Gull Lake NA 357 0.2
White Sucker 2004 Gull Lake NA 363 0.16
White Sucker 2004 Gull Lake NA 387 0.13
White Sucker 2004 Gull Lake NA 419 0.43
White Sucker 2004 Gull Lake NA 430 0.46
White Sucker 2004 Gull Lake NA 434 0.67
White Sucker 2004 Gull Lake NA 448 0.64
White Sucker 2004 Gull Lake NA 472 0.35
White Sucker 2004 Winokapau Lake NA 230 0.18
White Sucker 2004 Winokapau Lake NA 231 0.15
White Sucker 2004 Winokapau Lake NA 237 0.17
White Sucker 2004 Winokapau Lake NA 262 0.11
White Sucker 2004 Winokapau Lake NA 292 0.13
White Sucker 2004 Winokapau Lake NA 316 0.091
White Sucker 2004 Winokapau Lake NA 325 0.15
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Study Area Fish Data Summary: White Sucker

Species Year Location Sample ID Length (mm)
Total Mercury (THg)

Concentration
(mg/kg ww)

Methylmercury (MeHg)
Concentration

(ug/kg ww)

PUFA Concentration
(g/100g; ww)

Selenium
Concentration

(mg/kg ww)
White Sucker 2004 Winokapau Lake NA 326 0.067
White Sucker 2004 Winokapau Lake NA 330 0.12
White Sucker 2004 Winokapau Lake NA 335 0.17
White Sucker 2004 Winokapau Lake NA 337 0.15
White Sucker 2004 Winokapau Lake NA 343 0.093
White Sucker 2004 Winokapau Lake NA 345 0.16
White Sucker 2004 Winokapau Lake NA 347 0.35
White Sucker 2004 Winokapau Lake NA 350 0.12
White Sucker 2004 Winokapau Lake NA 353 0.22
White Sucker 2004 Winokapau Lake NA 361 0.14
White Sucker 2004 Winokapau Lake NA 380 0.12
White Sucker 2004 Winokapau Lake NA 393 0.47
White Sucker 2004 Winokapau Lake NA 395 0.18
White Sucker 2004 Winokapau Lake NA 397 0.17
White Sucker 2004 Winokapau Lake NA 400 0.16
White Sucker 2004 Winokapau Lake NA 412 0.22
White Sucker 2004 Winokapau Lake NA 412 0.24
White Sucker 2004 Winokapau Lake NA 413 0.26
White Sucker 2004 Winokapau Lake NA 414 0.46
White Sucker 2004 Winokapau Lake NA 415 0.23
White Sucker 2004 Winokapau Lake NA 419 0.25
White Sucker 2004 Winokapau Lake NA 419 0.2
White Sucker 2004 Winokapau Lake NA 420 0.28
White Sucker 2004 Winokapau Lake NA 429 0.24
White Sucker 2004 Winokapau Lake NA 432 0.3
White Sucker 2004 Winokapau Lake NA 434 0.34
White Sucker 2004 Winokapau Lake NA 441 0.47
White Sucker 2004 Winokapau Lake NA 442 0.24
White Sucker 2004 Winokapau Lake NA 445 0.24
White Sucker 2004 Winokapau Lake NA 448 0.51
White Sucker 2004 Winokapau Lake NA 459 0.46
White Sucker 2004 Winokapau Lake NA 462 0.38
White Sucker 2004 Winokapau Lake NA 472 0.27
White Sucker 2004 Winokapau Lake NA 494 0.19

399 399 2 0 0
494 0.67 146 0 0
109 0.02 62.9 0 0

197 0 0 0
49% 0% NC NC
202 2 0 0
51% 100% NC NC

4 NC NC NC

1% NC NC NC

27 NC NC NC

7% NC NC NC

15 NC NC NC

4% NC NC NC
0.11

NA = not available as not reported in Stantec (2010).
PUFA = polyunsaturated fatty acids.
NC = not calculated as not relevant to the noted exceedance.
CFIA = Canadian Food Inspection Agency.
ww = wet weight.
RDL = reported detection limit.
EPC = exposure point concentration.
UCLM95 = upper 95% confidence limit on arithmetic mean.
"<" denotes that concentration is less than the RDL.

% of Samples with Non-Detectable THg Concentrations (<RDL)a

Detection Frequency - # of Samples with THg Concentrations >RDLa

Detection Frequency - % of Samples with THg Concentrations >RDLa

# of Samples with THg Concentrations Exceeding Health Canada (CFIA) Action Level
for Mercury in Fish and Fish Products (0.5 mg/kg ww)

Number of Sample(s) (N)
Maximum
Minimum

Number of Samples with Non-Detectable THg Concentrations (<RDL)a

NOTES:

a. Only samples from the AMEC aquatic Environmental Effects Monitoring (EEM) dataset could be used to determine the number of samples with THg concentrations less than the laboratory's RDL,
as the data compiled by Stantec (2010) did not report RDLs or otherwise differentiate between non-detectable and detectable concentrations.  It was assumed that all concentrations reported in
Stantec (2010) were at or above the RDL and that all samples with concentrations less than the RDL had been assumed to be present at concentrations equal to the RDL value.

Exceedance Frequency - % of samples >0.5 mg/kg ww
# of Samples with THg Concentrations Exceeding Health Canada Advisory Level for

Subsistence Consumers of 0.2 mg/kg ww
Exceedance Frequency - % of samples >0.2 mg/kg ww

UCLM95-based EPC 95% Chebyshev (Mean, Sd) UCL

# of Samples with THg Concentrations Exceeding U.S. EPA Fish Tissue Criterion for
Consumers of Non-Commercial Freshwater/Estuarine Fish (0.3 mg/kg ww)

Exceedance Frequency - % of samples >0.3 mg/kg ww
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Study Area Fish Data Summary: Winter Flounder

Species Year Location Sample ID Length (mm)
Total Mercury (THg)

Concentration
(mg/kg ww)

Methylmercury (MeHg)
Concentration

(ug/kg ww)

PUFA Concentration
(g/100g; ww)

Selenium
Concentration
(mg/kg ww)

Winter Flounder 2011 Estuary WF01 230 0.13
Winter Flounder 2011 Estuary WF02 148 0.04
Winter Flounder 2011 Estuary WF03 218 0.18
Winter Flounder 2011 Estuary WF04 132 0.05
Winter Flounder 2011 Estuary WF05 210 0.07
Winter Flounder 2011 Estuary WF06 147 0.04
Winter Flounder 2011 Estuary WF07 250 0.11
Winter Flounder 2011 Estuary WF08 140 0.05
Winter Flounder 2011 Estuary WF09 275 0.13
Winter Flounder 2011 Estuary WF10 205 0.04

10 10 0 0 0
275 0.18 0 0 0
132 0.04 0 0 0

0 0 0 0
0% NC NC NC
10 0 0 0

100% NC NC NC

0 NC NC NC

0% NC NC NC

0 NC NC NC

0% NC NC NC

0 NC NC NC

0% NC NC NC
0.11

NA = not available as not reported in Stantec (2010).
PUFA = polyunsaturated fatty acids.
NC = not calculated as not relevant to the noted exceedance.
CFIA = Canadian Food Inspection Agency.
ww = wet weight.
RDL = reported detection limit.
EPC = exposure point concentration.
UCLM95 = upper 95% confidence limit on arithmetic mean.
"<" denotes that concentration is less than the RDL.

% of Samples with Non-Detectable THg Concentrations (<RDL)a

Detection Frequency - # of Samples with THg Concentrations >RDLa

Detection Frequency - % of Samples with THg Concentrations >RDLa

# of Samples with THg Concentrations Exceeding Health Canada (CFIA) Action Level for
Mercury in Fish and Fish Products (0.5 mg/kg ww)

Number of Sample(s) (N)
Maximum
Minimum

Number of Samples with Non-Detectable THg Concentrations (<RDL)a

NOTES:

a. Only samples from the AMEC aquatic Environmental Effects Monitoring (EEM) dataset could be used to determine the number of samples with THg concentrations less than the laboratory's RDL,
as the data compiled by Stantec (2010) did not report RDLs or otherwise differentiate between non-detectable and detectable concentrations.  It was assumed that all concentrations reported in
Stantec (2010) were at or above the RDL and that all samples with concentrations less than the RDL had been assumed to be present at concentrations equal to the RDL value.

Exceedance Frequency - % of samples >0.5 mg/kg ww
# of Samples with THg Concentrations Exceeding Health Canada Advisory Level for

Subsistence Consumers of 0.2 mg/kg ww
Exceedance Frequency - % of samples >0.2 mg/kg ww

UCLM95-based EPC 95% Student's-t UCL

# of Samples with THg Concentrations Exceeding U.S. EPA Fish Tissue Criterion for
Consumers of Non-Commercial Freshwater/Estuarine Fish (0.3 mg/kg ww)

Exceedance Frequency - % of samples >0.3 mg/kg ww
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Study Area Fish Data Summary: Combined Lake Whitefish, Dwarf Whitefish and Round Whitefish

Species Year Location Sample ID Length (mm)
Total Mercury (THg)

Concentration
(mg/kg ww)

Methylmercury (MeHg)
Concentration

(ug/kg ww)

PUFA Concentration
(g/100g; ww)

Selenium Concentration
(mg/kg ww)

Lake Whitefish 2015 Tributary LWF01 240 0.12
Lake Whitefish 2015 Mainstem Slow LWF02 204 0.06
Lake Whitefish 2015 Estuary LWF01 213 0.07
Lake Whitefish 2015 Estuary LWF02 233 <0.05
Lake Whitefish 1999 Estuary 99ELWF001 405 0.16
Lake Whitefish 2010 Mainstem Slow LWF2 290 0.05
Lake Whitefish 2010 Mainstem Slow LWF5a 155 0.02
Lake Whitefish 2011 Estuary LWF01 340 0.1
Lake Whitefish 2011 Mainstem Slow LWF01 218 0.06
Lake Whitefish 2011 Mainstem Slow LWF01A 175 0.07
Lake Whitefish 2011 Mainstem Slow LWF03 215 0.06
Lake Whitefish 2011 Mainstem Slow LWF04 406 0.12
Lake Whitefish 2011 Mainstem Slow LWF05 267 0.09
Lake Whitefish 2011 Mainstem Slow LWF06 180 0.05
Lake Whitefish 2011 Mainstem Slow LWF07 181 0.23
Lake Whitefish 2011 Mainstem Slow LWF08 263 0.09
Lake Whitefish 2011 Mainstem Slow LWF11 274 0.07
Lake Whitefish 2011 Mainstem Slow LWF12 155 0.04
Lake Whitefish 2011 Mainstem Slow LWF13 182 0.05
Lake Whitefish 2011 Mainstem Slow LWF16 180 0.07
Lake Whitefish 2011 Mainstem Slow LWF17 109 0.05
Lake Whitefish 2011 Mainstem Slow LWF19 150 0.05
Lake Whitefish 2012 Mainstem Slow LWF04 185 0.055
Lake Whitefish 2012 Mainstem Slow LWF09 455 0.15
Lake Whitefish 2012 Mainstem Slow LWF10 465 0.15
Lake Whitefish 2012 Mainstem Slow LWF11 273 0.11
Lake Whitefish 2012 Mainstem Slow LWF13 140 0.044
Lake Whitefish 2013 Estuary LWF01 279 0.06
Lake Whitefish 2013 Estuary LWF02 200 <0.05
Lake Whitefish 2013 Estuary LWF03 240 0.06
Lake Whitefish 2013 Estuary LWF04 223 0.09
Lake Whitefish 2014 Tributary LWF01 334 <0.05
Lake Whitefish 2014 Mainstem Slow LWF02 240 <0.05
Lake Whitefish 2014 Mainstem Slow LWF03 450 <0.05 <1
Lake Whitefish 2014 Estuary LWF01 357 <0.05
Lake Whitefish 2014 Estuary LWF02 260 0.05
Lake Whitefish 2014 Estuary LWF03 259 <0.05
Lake Whitefish 2014 Estuary LWF04 215 0.06
Lake Whitefish 2014 Estuary LWF05 221 <0.05
Lake Whitefish 2014 Estuary LWF06 191 0.05
Lake Whitefish 2014 Estuary LWF07 213 <0.05
Lake Whitefish 2014 Estuary LWF08 213 0.06
Lake Whitefish 1999 CR ("Section 1") NA 112 0.03
Lake Whitefish 1999 CR ("Section 1") NA 117 0.05
Lake Whitefish 1999 CR ("Section 1") NA 121 0.04
Lake Whitefish 1999 CR ("Section 1") NA 123 0.06
Lake Whitefish 1999 CR ("Section 1") NA 132 0.03
Lake Whitefish 1999 CR ("Section 1") NA 157 0.03
Lake Whitefish 1999 CR ("Section 1") NA 198 0.08
Lake Whitefish 1999 CR ("Section 1") NA 258 0.07
Lake Whitefish 1999 CR ("Section 1") NA 272 0.17
Lake Whitefish 1999 CR ("Section 1") NA 281 0.11
Lake Whitefish 1999 CR ("Section 1") NA 286 0.14
Lake Whitefish 1999 CR ("Section 1") NA 291 0.02
Lake Whitefish 1999 CR ("Section 1") NA 295 0.23
Lake Whitefish 1999 CR ("Section 1") NA 303 0.17
Lake Whitefish 1999 CR ("Section 1") NA 304 0.17
Lake Whitefish 1999 CR ("Section 1") NA 305 0.08
Lake Whitefish 1999 CR ("Section 1") NA 315 0.08
Lake Whitefish 1999 CR ("Section 1") NA 332 0.1
Lake Whitefish 1999 CR ("Section 1") NA 360 0.08
Lake Whitefish 1999 CR ("Section 1") NA 396 0.07
Lake Whitefish 1999 Estuary/Sandy Pt NA 223 0.03
Lake Whitefish 1999 Estuary/Sandy Pt NA 233 0.18
Lake Whitefish 1999 Estuary/Sandy Pt NA 280 0.21
Lake Whitefish 1999 Estuary/Sandy Pt NA 280 0.09
Lake Whitefish 1999 Estuary/Sandy Pt NA 285 0.13
Lake Whitefish 1999 Estuary/Sandy Pt NA 288 0.16
Lake Whitefish 1999 Estuary/Sandy Pt NA 290 0.16
Lake Whitefish 1999 Estuary/Sandy Pt NA 305 0.13
Lake Whitefish 1999 Estuary/Sandy Pt NA 333 0.14
Lake Whitefish 1999 Estuary/Sandy Pt NA 368 0.12
Lake Whitefish 1999 Gull Lake NA 123 0.05
Lake Whitefish 1999 Gull Lake NA 138 0.07
Lake Whitefish 1999 Gull Lake NA 142 0.07
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Study Area Fish Data Summary: Combined Lake Whitefish, Dwarf Whitefish and Round Whitefish

Species Year Location Sample ID Length (mm)
Total Mercury (THg)

Concentration
(mg/kg ww)

Methylmercury (MeHg)
Concentration

(ug/kg ww)

PUFA Concentration
(g/100g; ww)

Selenium Concentration
(mg/kg ww)

Lake Whitefish 1999 Gull Lake NA 142 0.08
Lake Whitefish 1999 Gull Lake NA 143 0.05
Lake Whitefish 1999 Gull Lake NA 145 0.1
Lake Whitefish 1999 Gull Lake NA 224 0.08
Lake Whitefish 1999 Gull Lake NA 261 0.06
Lake Whitefish 1999 Gull Lake NA 277 0.07
Lake Whitefish 1999 Gull Lake NA 295 0.1
Lake Whitefish 1999 Gull Lake NA 303 0.06
Lake Whitefish 1999 Gull Lake NA 305 0.1
Lake Whitefish 1999 Gull Lake NA 312 0.09
Lake Whitefish 1999 Gull Lake NA 330 0.08
Lake Whitefish 1999 Gull Lake NA 345 0.06
Lake Whitefish 1999 Gull Lake NA 356 0.09
Lake Whitefish 1999 Gull Lake NA 369 0.08
Lake Whitefish 1999 Gull Lake NA 380 0.1
Lake Whitefish 1999 Gull Lake NA 384 0.16
Lake Whitefish 1999 Gull Lake NA 393 0.09
Lake Whitefish 1999 Gull Lake NA 398 0.23
Lake Whitefish 1999 Gull Lake NA 399 0.31
Lake Whitefish 1999 Gull Lake NA 399 0.16
Lake Whitefish 1999 Gull Lake NA 401 0.11
Lake Whitefish 1999 Gull Lake NA 402 0.12
Lake Whitefish 1999 Gull Lake NA 405 0.26
Lake Whitefish 1999 Gull Lake NA 406 0.36
Lake Whitefish 1999 Gull Lake NA 420 0.14
Lake Whitefish 1999 Gull Lake NA 497 0.17
Lake Whitefish 2004 Gull Lake NA 233 0.061
Lake Whitefish 2004 Gull Lake NA 284 0.048
Lake Whitefish 2004 Gull Lake NA 304 0.054
Lake Whitefish 2004 Gull Lake NA 312 0.088
Lake Whitefish 2004 Gull Lake NA 313 0.1
Lake Whitefish 2004 Gull Lake NA 347 0.22
Lake Whitefish 2004 Gull Lake NA 359 0.083
Lake Whitefish 2004 Gull Lake NA 365 0.12
Lake Whitefish 2004 Gull Lake NA 368 0.13
Lake Whitefish 2004 Gull Lake NA 375 0.074
Lake Whitefish 2004 Gull Lake NA 375 0.27
Lake Whitefish 2004 Gull Lake NA 376 0.31
Lake Whitefish 2004 Gull Lake NA 384 0.15
Lake Whitefish 2004 Gull Lake NA 385 0.2
Lake Whitefish 2004 Gull Lake NA 386 0.27
Lake Whitefish 2004 Gull Lake NA 396 0.17
Lake Whitefish 2004 Gull Lake NA 415 0.28
Lake Whitefish 2004 Gull Lake NA 415 0.15
Lake Whitefish 2004 Gull Lake NA 430 0.2
Lake Whitefish 2010 Gull Lake NA 263 0.07
Lake Whitefish 2010 Gull Lake NA 316 0.06
Lake Whitefish 2010 Gull Lake NA 328 0.04
Lake Whitefish 2010 Gull Lake NA 336 0.08
Lake Whitefish 2010 Gull Lake NA 358 0.1
Lake Whitefish 2010 Gull Lake NA 360 0.09
Lake Whitefish 2010 Gull Lake NA 368 0.16
Lake Whitefish 2010 Gull Lake NA 370 0.08
Lake Whitefish 2010 Gull Lake NA 370 0.1
Lake Whitefish 2010 Gull Lake NA 373 0.13
Lake Whitefish 2010 Gull Lake NA 406 0.13
Lake Whitefish 1999 Lake Winokapau NA 133 0.07
Lake Whitefish 1999 Lake Winokapau NA 143 0.08
Lake Whitefish 1999 Lake Winokapau NA 143 0.11
Lake Whitefish 1999 Lake Winokapau NA 189 0.12
Lake Whitefish 1999 Lake Winokapau NA 194 0.17
Lake Whitefish 1999 Lake Winokapau NA 197 0.14
Lake Whitefish 1999 Lake Winokapau NA 202 0.16
Lake Whitefish 1999 Lake Winokapau NA 232 0.1
Lake Whitefish 1999 Lake Winokapau NA 238 0.12
Lake Whitefish 1999 Lake Winokapau NA 248 0.09
Lake Whitefish 1999 Lake Winokapau NA 255 0.08
Lake Whitefish 1999 Lake Winokapau NA 282 0.15
Lake Whitefish 1999 Lake Winokapau NA 302 0.13
Lake Whitefish 1999 Lake Winokapau NA 312 0.11
Lake Whitefish 1999 Lake Winokapau NA 320 0.12
Lake Whitefish 1999 Lake Winokapau NA 325 0.12
Lake Whitefish 1999 Lake Winokapau NA 333 0.13
Lake Whitefish 1999 Lake Winokapau NA 375 0.16
Lake Whitefish 1999 Lake Winokapau NA 386 0.13
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Study Area Fish Data Summary: Combined Lake Whitefish, Dwarf Whitefish and Round Whitefish

Species Year Location Sample ID Length (mm)
Total Mercury (THg)

Concentration
(mg/kg ww)

Methylmercury (MeHg)
Concentration

(ug/kg ww)

PUFA Concentration
(g/100g; ww)

Selenium Concentration
(mg/kg ww)

Lake Whitefish 1999 Lake Winokapau NA 393 0.23
Lake Whitefish 1999 Lake Winokapau NA 396 0.15
Lake Whitefish 1999 Lake Winokapau NA 402 0.26
Lake Whitefish 1999 Lake Winokapau NA 405 0.34
Lake Whitefish 1999 Lake Winokapau NA 406 0.17
Lake Whitefish 1999 Lake Winokapau NA 418 0.23
Lake Whitefish 1999 Lake Winokapau NA 482 0.45
Lake Whitefish 2004 Lake Winokapau NA 104 0.16
Lake Whitefish 2004 Lake Winokapau NA 129 0.097
Lake Whitefish 2004 Lake Winokapau NA 275 0.11
Lake Whitefish 2004 Lake Winokapau NA 282 0.082
Lake Whitefish 2004 Lake Winokapau NA 287 0.11
Lake Whitefish 2004 Lake Winokapau NA 295 0.11
Lake Whitefish 2004 Lake Winokapau NA 305 0.12
Lake Whitefish 2004 Lake Winokapau NA 320 0.12
Lake Whitefish 2004 Lake Winokapau NA 327 0.14
Lake Whitefish 2004 Lake Winokapau NA 347 0.15
Lake Whitefish 2004 Lake Winokapau NA 351 0.14
Lake Whitefish 2004 Lake Winokapau NA 367 0.2
Lake Whitefish 2004 Lake Winokapau NA 370 0.13
Lake Whitefish 2004 Lake Winokapau NA 377 0.18
Lake Whitefish 2004 Lake Winokapau NA 389 0.17
Lake Whitefish 2004 Lake Winokapau NA 444 0.23

Dwarf Lake Whitefish 1999 Estuary 99ELWF007 227 <0.02
Dwarf Lake Whitefish 1999 Estuary 99ELWF021 217 0.15
Dwarf Lake Whitefish 1999 Mainstem Slow 99MLWF003 242 0.1
Dwarf Lake Whitefish 1999 Mainstem Slow 99MLWF005 233 0.08
Dwarf Lake Whitefish 1999 Mainstem Slow 99MLWF009 258 0.07
Dwarf Lake Whitefish 1999 Mainstem Slow 99MLWF011 215 0.1
Dwarf Lake Whitefish 1999 Mainstem Slow 99MLWF012 213 0.1
Dwarf Lake Whitefish 1999 Mainstem Slow 99MLWF014 194 0.12
Dwarf Lake Whitefish 1999 Mainstem Slow 99MLWF015 173 0.09
Dwarf Lake Whitefish 1999 Mainstem Slow 99MLWF017 144 0.04
Dwarf Lake Whitefish 1999 Mainstem Slow 99MLWF027 163 0.05
Dwarf Lake Whitefish 1999 Mainstem Slow 99MLWF028 158 0.04
Dwarf Lake Whitefish 1999 Mainstem Slow 99MLWF029 198 0.08
Dwarf Lake Whitefish 1999 Mainstem Slow 99MLWF037 250 0.09
Dwarf Lake Whitefish 1999 Mainstem Slow 99MLWF039 180 0.09
Dwarf Lake Whitefish 2010 Mainstem Slow LWF4 196 0.03
Dwarf Lake Whitefish 2012 Mainstem Slow LWF01 204 0.062
Dwarf Lake Whitefish 2012 Mainstem Slow LWF02 198 0.064
Dwarf Lake Whitefish 2012 Mainstem Slow LWF03 270 0.11
Dwarf Lake Whitefish 2012 Mainstem Slow LWF05 199 0.063
Dwarf Lake Whitefish 2012 Mainstem Slow LWF06 192 0.081
Dwarf Lake Whitefish 2012 Mainstem Slow LWF07 185 0.06
Dwarf Lake Whitefish 2012 Mainstem Slow LWF08 215 0.066
Dwarf Lake Whitefish 2012 Mainstem Slow LWF12 214 0.041

Round Whitefish 2015 Tributary RWF01 254 0.09
Round Whitefish 2015 Mainstem Slow RWF02 346 <0.05
Round Whitefish 2015 Mainstem Slow RWF03 241 0.08
Round Whitefish 2015 Tributary RWF06 186 <0.05
Round Whitefish 2015 Tributary RWF07 201 0.05
Round Whitefish 2015 Mainstem Slow RWF08 186 <0.05
Round Whitefish 2015 Tributary RWF09 246 0.07
Round Whitefish 2015 Mainstem Slow RWF10 222 <0.05
Round Whitefish 2011 Estuary RWF01 223 0.05
Round Whitefish 2012 Mainstem Slow RWF01 173 0.068
Round Whitefish 2012 Mainstem Slow RWF02 191 0.066
Round Whitefish 2012 Mainstem Slow RWF03 145 0.051
Round Whitefish 2012 Tributary RWF04 182 0.091
Round Whitefish 2012 Mainstem Slow RWF06 147 0.072
Round Whitefish 2010 CR ("Section1") NA 107 0.02
Round Whitefish 2010 CR ("Section1") NA 149 0.02
Round Whitefish 2010 CR ("Section1") NA 152 0.06
Round Whitefish 2010 CR ("Section1") NA 110 0.02
Round Whitefish 2010 CR ("Section1") NA 112 0.03
Round Whitefish 2010 CR ("Section1") NA 104 0.02
Round Whitefish 2010 CR ("Section1") NA 162 0.03
Round Whitefish 2010 CR ("Section1") NA 117 0.03
Round Whitefish 2010 CR ("Section1") NA 125 0.02
Round Whitefish 2010 CR ("Section1") NA 173 0.03
Round Whitefish 2010 CR ("Section1") NA 115 0.03
Round Whitefish 2010 CR ("Section1") NA 103 0.02
Round Whitefish 2010 CR ("Section1") NA 110 0.02
Round Whitefish 2010 CR ("Section1") NA 110 0.04
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Study Area Fish Data Summary: Combined Lake Whitefish, Dwarf Whitefish and Round Whitefish

Species Year Location Sample ID Length (mm)
Total Mercury (THg)

Concentration
(mg/kg ww)

Methylmercury (MeHg)
Concentration

(ug/kg ww)

PUFA Concentration
(g/100g; ww)

Selenium Concentration
(mg/kg ww)

Round Whitefish 2010 CR ("Section1") NA 115 0.03
Round Whitefish 2010 CR ("Section1") NA 120 0.03
Round Whitefish 2010 CR ("Section1") NA 110 0.04
Round Whitefish 2010 CR ("Section1") NA 118 0.02
Round Whitefish 2010 CR ("Section1") NA 105 0.02
Round Whitefish 2010 CR ("Section1") NA 105 0.03
Round Whitefish 2010 CR ("Section1") NA 100 0.03

232 232 0 0 1
497 0.45 0 0 <1
100 0.02 0 0 <1

14 0 0 1
6% 0% 0% 100%
218 0 0 0
94% 0% 0% 0%

0
NC NC NC

0% NC NC NC

18
NC NC NC

8% NC NC NC

5
NC NC NC

2% NC NC NC
0.12

NA = not available as not reported in Stantec (2010).
PUFA = polyunsaturated fatty acids.
CR = Churchill River.
NC = not calculated as not relevant to the noted exceedance.
CFIA = Canadian Food Inspection Agency.
ww = wet weight.
RDL = reported detection limit.
EPC = exposure point concentration.
UCLM95 = upper 95% confidence limit on arithmetic mean.
"<" denotes that concentration is less than the RDL.

a. Only samples from the AMEC aquatic Environmental Effects Monitoring (EEM) dataset could be used to determine the number of samples with THg concentrations less than the laboratory's RDL, as the data
compiled by Stantec (2010) did not report RDLs or otherwise differentiate between non-detectable and detectable concentrations.  It was assumed that all concentrations reported in Stantec (2010) were at or
above the RDL and that all samples with concentrations less than the RDL had been assumed to be present at concentrations equal to the RDL value.

Number of Samples with Non-Detectable THg Concentrations (<RDL)a

Exceedance Frequency - % of samples >0.2 mg/kg ww

UCLM95-based EPC

# of Samples with THg Concentrations Exceeding U.S. EPA Fish Tissue Criterion for
Consumers of Non-Commercial Freshwater/Estuarine Fish (0.3 mg/kg ww)

Exceedance Frequency - % of samples >0.3 mg/kg ww

Number of Samples (N)
Maximum
Minimum

95% Chebyshev (Mean, Sd) UCL
NOTES:

% of Samples with Non-Detectable THg Concentrations (<RDL)a

Detection Frequency - # of Samples with THg Concentrations >RDLa

Detection Frequency - % of Samples with THg Concentrations >RDLa

# of Samples with THg Concentrations Exceeding Health Canada (CFIA) Action Level for
Mercury in Fish and Fish Products (0.5 mg/kg ww)

Exceedance Frequency - % of samples >0.5 mg/kg ww

# of Samples with THg Concentrations Exceeding Health Canada Advisory Level for
Subsistence Consumers of 0.2 mg/kg ww
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Study Area Fish Data Summary: Dwarf Lake Whitefish

Species Year Location Sample ID Length (mm)
Total Mercury (THg)

Concentration
(mg/kg ww)

Methylmercury (MeHg)
Concentration

(ug/kg ww)

PUFA Concentration
(g/100g; ww)

Selenium
Concentration

(mg/kg ww)
Dwarf Lake Whitefish 1999 Estuary 99ELWF007 227 <0.02
Dwarf Lake Whitefish 1999 Estuary 99ELWF021 217 0.15
Dwarf Lake Whitefish 1999 Mainstem Slow 99MLWF003 242 0.1
Dwarf Lake Whitefish 1999 Mainstem Slow 99MLWF005 233 0.08
Dwarf Lake Whitefish 1999 Mainstem Slow 99MLWF009 258 0.07
Dwarf Lake Whitefish 1999 Mainstem Slow 99MLWF011 215 0.1
Dwarf Lake Whitefish 1999 Mainstem Slow 99MLWF012 213 0.1
Dwarf Lake Whitefish 1999 Mainstem Slow 99MLWF014 194 0.12
Dwarf Lake Whitefish 1999 Mainstem Slow 99MLWF015 173 0.09
Dwarf Lake Whitefish 1999 Mainstem Slow 99MLWF017 144 0.04
Dwarf Lake Whitefish 1999 Mainstem Slow 99MLWF027 163 0.05
Dwarf Lake Whitefish 1999 Mainstem Slow 99MLWF028 158 0.04
Dwarf Lake Whitefish 1999 Mainstem Slow 99MLWF029 198 0.08
Dwarf Lake Whitefish 1999 Mainstem Slow 99MLWF037 250 0.09
Dwarf Lake Whitefish 1999 Mainstem Slow 99MLWF039 180 0.09
Dwarf Lake Whitefish 2010 Mainstem Slow LWF4 196 0.03
Dwarf Lake Whitefish 2012 Mainstem Slow LWF01 204 0.062
Dwarf Lake Whitefish 2012 Mainstem Slow LWF02 198 0.064
Dwarf Lake Whitefish 2012 Mainstem Slow LWF03 270 0.11
Dwarf Lake Whitefish 2012 Mainstem Slow LWF05 199 0.063
Dwarf Lake Whitefish 2012 Mainstem Slow LWF06 192 0.081
Dwarf Lake Whitefish 2012 Mainstem Slow LWF07 185 0.06
Dwarf Lake Whitefish 2012 Mainstem Slow LWF08 215 0.066
Dwarf Lake Whitefish 2012 Mainstem Slow LWF12 214 0.041

24 24 0 0 0
270 0.15 0 0 0
144 0.03 0 0 0

1 0 0 0
4% NC NC NC
23 0 0 0

96% NC NC NC

0 NC NC NC

0% NC NC NC

0 NC NC NC

0% NC NC NC

0 NC NC NC

0% NC NC NC
0.09

NA = not available as not reported in Stantec (2010).
PUFA = polyunsaturated fatty acids.
NC = not calculated as not relevant to the noted exceedance.
CFIA = Canadian Food Inspection Agency.
ww = wet weight.
RDL = reported detection limit.
EPC = exposure point concentration.
UCLM95 = upper 95% confidence limit on arithmetic mean.
"<" denotes that concentration is less than the RDL.

Exceedance Frequency - % of samples >0.3 mg/kg ww

Number of Sample(s) (N)
Maximum
Minimum

Number of Samples with Non-Detectable THg Concentrations (<RDL)a

a. Only samples from the AMEC aquatic Environmental Effects Monitoring (EEM) dataset could be used to determine the number of samples with THg concentrations less than the laboratory's
RDL, as the data compiled by Stantec (2010) did not report RDLs or otherwise differentiate between non-detectable and detectable concentrations.  It was assumed that all concentrations
reported in Stantec (2010) were at or above the RDL and that all samples with concentrations less than the RDL had been assumed to be present at concentrations equal to the RDL value.

% of Samples with Non-Detectable THg Concentrations (<RDL)a

Detection Frequency - # of Samples with THg Concentrations >RDLa

Detection Frequency - % of Samples with THg Concentrations >RDLa

# of Samples with THg Concentrations Exceeding Health Canada (CFIA) Action Level
for Mercury in Fish and Fish Products (0.5 mg/kg ww)

NOTES:

Exceedance Frequency - % of samples >0.5 mg/kg ww
# of Samples with THg Concentrations Exceeding Health Canada Advisory Level for

Subsistence Consumers of 0.2 mg/kg ww
Exceedance Frequency - % of samples >0.2 mg/kg ww

UCLM95-based EPC 95% Student's-t UCL

# of Samples with THg Concentrations Exceeding U.S. EPA Fish Tissue Criterion for
Consumers of Non-Commercial Freshwater/Estuarine Fish (0.3 mg/kg ww)
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Study Area Fish Data Summary: Lake Whitefish

Species Year Location Sample ID Length (mm)
Total Mercury (THg)

Concentration
(mg/kg ww)

Methylmercury (MeHg)
Concentration

(ug/kg ww)

PUFA Concentration
(g/100g; ww)

Selenium
Concentration

(mg/kg ww)
Lake Whitefish 2015 Tributary LWF01 240 0.12
Lake Whitefish 2015 Mainstem Slow LWF02 204 0.06
Lake Whitefish 2015 Estuary LWF01 213 0.07
Lake Whitefish 2015 Estuary LWF02 233 <0.05
Lake Whitefish 1999 Estuary 99ELWF001 405 0.16
Lake Whitefish 2010 Mainstem Slow LWF2 290 0.05
Lake Whitefish 2010 Mainstem Slow LWF5a 155 0.02
Lake Whitefish 2011 Estuary LWF01 340 0.1
Lake Whitefish 2011 Mainstem Slow LWF01 218 0.06
Lake Whitefish 2011 Mainstem Slow LWF01A 175 0.07
Lake Whitefish 2011 Mainstem Slow LWF03 215 0.06
Lake Whitefish 2011 Mainstem Slow LWF04 406 0.12
Lake Whitefish 2011 Mainstem Slow LWF05 267 0.09
Lake Whitefish 2011 Mainstem Slow LWF06 180 0.05
Lake Whitefish 2011 Mainstem Slow LWF07 181 0.23
Lake Whitefish 2011 Mainstem Slow LWF08 263 0.09
Lake Whitefish 2011 Mainstem Slow LWF11 274 0.07
Lake Whitefish 2011 Mainstem Slow LWF12 155 0.04
Lake Whitefish 2011 Mainstem Slow LWF13 182 0.05
Lake Whitefish 2011 Mainstem Slow LWF16 180 0.07
Lake Whitefish 2011 Mainstem Slow LWF17 109 0.05
Lake Whitefish 2011 Mainstem Slow LWF19 150 0.05
Lake Whitefish 2012 Mainstem Slow LWF04 185 0.055
Lake Whitefish 2012 Mainstem Slow LWF09 455 0.15
Lake Whitefish 2012 Mainstem Slow LWF10 465 0.15
Lake Whitefish 2012 Mainstem Slow LWF11 273 0.11
Lake Whitefish 2012 Mainstem Slow LWF13 140 0.044
Lake Whitefish 2013 Estuary LWF01 279 0.06
Lake Whitefish 2013 Estuary LWF02 200 <0.05
Lake Whitefish 2013 Estuary LWF03 240 0.06
Lake Whitefish 2013 Estuary LWF04 223 0.09
Lake Whitefish 2014 Tributary LWF01 334 <0.05
Lake Whitefish 2014 Mainstem Slow LWF02 240 <0.05
Lake Whitefish 2014 Mainstem Slow LWF03 450 <0.05 <1
Lake Whitefish 2014 Estuary LWF01 357 <0.05
Lake Whitefish 2014 Estuary LWF02 260 0.05
Lake Whitefish 2014 Estuary LWF03 259 <0.05
Lake Whitefish 2014 Estuary LWF04 215 0.06
Lake Whitefish 2014 Estuary LWF05 221 <0.05
Lake Whitefish 2014 Estuary LWF06 191 0.05
Lake Whitefish 2014 Estuary LWF07 213 <0.05
Lake Whitefish 2014 Estuary LWF08 213 0.06
Lake Whitefish 1999 CR ("Section 1") NA 112 0.03
Lake Whitefish 1999 CR ("Section 1") NA 117 0.05
Lake Whitefish 1999 CR ("Section 1") NA 121 0.04
Lake Whitefish 1999 CR ("Section 1") NA 123 0.06
Lake Whitefish 1999 CR ("Section 1") NA 132 0.03
Lake Whitefish 1999 CR ("Section 1") NA 157 0.03
Lake Whitefish 1999 CR ("Section 1") NA 198 0.08
Lake Whitefish 1999 CR ("Section 1") NA 258 0.07
Lake Whitefish 1999 CR ("Section 1") NA 272 0.17
Lake Whitefish 1999 CR ("Section 1") NA 281 0.11
Lake Whitefish 1999 CR ("Section 1") NA 286 0.14
Lake Whitefish 1999 CR ("Section 1") NA 291 0.02
Lake Whitefish 1999 CR ("Section 1") NA 295 0.23
Lake Whitefish 1999 CR ("Section 1") NA 303 0.17
Lake Whitefish 1999 CR ("Section 1") NA 304 0.17
Lake Whitefish 1999 CR ("Section 1") NA 305 0.08
Lake Whitefish 1999 CR ("Section 1") NA 315 0.08
Lake Whitefish 1999 CR ("Section 1") NA 332 0.1
Lake Whitefish 1999 CR ("Section 1") NA 360 0.08
Lake Whitefish 1999 CR ("Section 1") NA 396 0.07
Lake Whitefish 1999 Estuary/Sandy Pt NA 223 0.03
Lake Whitefish 1999 Estuary/Sandy Pt NA 233 0.18
Lake Whitefish 1999 Estuary/Sandy Pt NA 280 0.21
Lake Whitefish 1999 Estuary/Sandy Pt NA 280 0.09
Lake Whitefish 1999 Estuary/Sandy Pt NA 285 0.13
Lake Whitefish 1999 Estuary/Sandy Pt NA 288 0.16
Lake Whitefish 1999 Estuary/Sandy Pt NA 290 0.16
Lake Whitefish 1999 Estuary/Sandy Pt NA 305 0.13
Lake Whitefish 1999 Estuary/Sandy Pt NA 333 0.14
Lake Whitefish 1999 Estuary/Sandy Pt NA 368 0.12
Lake Whitefish 1999 Gull Lake NA 123 0.05

CIMFP Exhibit P-00271 - Appendix O - 44 Page 320



Study Area Fish Data Summary: Lake Whitefish

Species Year Location Sample ID Length (mm)
Total Mercury (THg)

Concentration
(mg/kg ww)

Methylmercury (MeHg)
Concentration

(ug/kg ww)

PUFA Concentration
(g/100g; ww)

Selenium
Concentration

(mg/kg ww)
Lake Whitefish 1999 Gull Lake NA 138 0.07
Lake Whitefish 1999 Gull Lake NA 142 0.07
Lake Whitefish 1999 Gull Lake NA 142 0.08
Lake Whitefish 1999 Gull Lake NA 143 0.05
Lake Whitefish 1999 Gull Lake NA 145 0.1
Lake Whitefish 1999 Gull Lake NA 224 0.08
Lake Whitefish 1999 Gull Lake NA 261 0.06
Lake Whitefish 1999 Gull Lake NA 277 0.07
Lake Whitefish 1999 Gull Lake NA 295 0.1
Lake Whitefish 1999 Gull Lake NA 303 0.06
Lake Whitefish 1999 Gull Lake NA 305 0.1
Lake Whitefish 1999 Gull Lake NA 312 0.09
Lake Whitefish 1999 Gull Lake NA 330 0.08
Lake Whitefish 1999 Gull Lake NA 345 0.06
Lake Whitefish 1999 Gull Lake NA 356 0.09
Lake Whitefish 1999 Gull Lake NA 369 0.08
Lake Whitefish 1999 Gull Lake NA 380 0.1
Lake Whitefish 1999 Gull Lake NA 384 0.16
Lake Whitefish 1999 Gull Lake NA 393 0.09
Lake Whitefish 1999 Gull Lake NA 398 0.23
Lake Whitefish 1999 Gull Lake NA 399 0.31
Lake Whitefish 1999 Gull Lake NA 399 0.16
Lake Whitefish 1999 Gull Lake NA 401 0.11
Lake Whitefish 1999 Gull Lake NA 402 0.12
Lake Whitefish 1999 Gull Lake NA 405 0.26
Lake Whitefish 1999 Gull Lake NA 406 0.36
Lake Whitefish 1999 Gull Lake NA 420 0.14
Lake Whitefish 1999 Gull Lake NA 497 0.17
Lake Whitefish 2004 Gull Lake NA 233 0.061
Lake Whitefish 2004 Gull Lake NA 284 0.048
Lake Whitefish 2004 Gull Lake NA 304 0.054
Lake Whitefish 2004 Gull Lake NA 312 0.088
Lake Whitefish 2004 Gull Lake NA 313 0.1
Lake Whitefish 2004 Gull Lake NA 347 0.22
Lake Whitefish 2004 Gull Lake NA 359 0.083
Lake Whitefish 2004 Gull Lake NA 365 0.12
Lake Whitefish 2004 Gull Lake NA 368 0.13
Lake Whitefish 2004 Gull Lake NA 375 0.074
Lake Whitefish 2004 Gull Lake NA 375 0.27
Lake Whitefish 2004 Gull Lake NA 376 0.31
Lake Whitefish 2004 Gull Lake NA 384 0.15
Lake Whitefish 2004 Gull Lake NA 385 0.2
Lake Whitefish 2004 Gull Lake NA 386 0.27
Lake Whitefish 2004 Gull Lake NA 396 0.17
Lake Whitefish 2004 Gull Lake NA 415 0.28
Lake Whitefish 2004 Gull Lake NA 415 0.15
Lake Whitefish 2004 Gull Lake NA 430 0.2
Lake Whitefish 2010 Gull Lake NA 263 0.07
Lake Whitefish 2010 Gull Lake NA 316 0.06
Lake Whitefish 2010 Gull Lake NA 328 0.04
Lake Whitefish 2010 Gull Lake NA 336 0.08
Lake Whitefish 2010 Gull Lake NA 358 0.1
Lake Whitefish 2010 Gull Lake NA 360 0.09
Lake Whitefish 2010 Gull Lake NA 368 0.16
Lake Whitefish 2010 Gull Lake NA 370 0.08
Lake Whitefish 2010 Gull Lake NA 370 0.1
Lake Whitefish 2010 Gull Lake NA 373 0.13
Lake Whitefish 2010 Gull Lake NA 406 0.13
Lake Whitefish 1999 Lake Winokapau NA 133 0.07
Lake Whitefish 1999 Lake Winokapau NA 143 0.08
Lake Whitefish 1999 Lake Winokapau NA 143 0.11
Lake Whitefish 1999 Lake Winokapau NA 189 0.12
Lake Whitefish 1999 Lake Winokapau NA 194 0.17
Lake Whitefish 1999 Lake Winokapau NA 197 0.14
Lake Whitefish 1999 Lake Winokapau NA 202 0.16
Lake Whitefish 1999 Lake Winokapau NA 232 0.1
Lake Whitefish 1999 Lake Winokapau NA 238 0.12
Lake Whitefish 1999 Lake Winokapau NA 248 0.09
Lake Whitefish 1999 Lake Winokapau NA 255 0.08
Lake Whitefish 1999 Lake Winokapau NA 282 0.15
Lake Whitefish 1999 Lake Winokapau NA 302 0.13
Lake Whitefish 1999 Lake Winokapau NA 312 0.11
Lake Whitefish 1999 Lake Winokapau NA 320 0.12
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Study Area Fish Data Summary: Lake Whitefish

Species Year Location Sample ID Length (mm)
Total Mercury (THg)

Concentration
(mg/kg ww)

Methylmercury (MeHg)
Concentration

(ug/kg ww)

PUFA Concentration
(g/100g; ww)

Selenium
Concentration

(mg/kg ww)
Lake Whitefish 1999 Lake Winokapau NA 325 0.12
Lake Whitefish 1999 Lake Winokapau NA 333 0.13
Lake Whitefish 1999 Lake Winokapau NA 375 0.16
Lake Whitefish 1999 Lake Winokapau NA 386 0.13
Lake Whitefish 1999 Lake Winokapau NA 393 0.23
Lake Whitefish 1999 Lake Winokapau NA 396 0.15
Lake Whitefish 1999 Lake Winokapau NA 402 0.26
Lake Whitefish 1999 Lake Winokapau NA 405 0.34
Lake Whitefish 1999 Lake Winokapau NA 406 0.17
Lake Whitefish 1999 Lake Winokapau NA 418 0.23
Lake Whitefish 1999 Lake Winokapau NA 482 0.45
Lake Whitefish 2004 Lake Winokapau NA 104 0.16
Lake Whitefish 2004 Lake Winokapau NA 129 0.097
Lake Whitefish 2004 Lake Winokapau NA 275 0.11
Lake Whitefish 2004 Lake Winokapau NA 282 0.082
Lake Whitefish 2004 Lake Winokapau NA 287 0.11
Lake Whitefish 2004 Lake Winokapau NA 295 0.11
Lake Whitefish 2004 Lake Winokapau NA 305 0.12
Lake Whitefish 2004 Lake Winokapau NA 320 0.12
Lake Whitefish 2004 Lake Winokapau NA 327 0.14
Lake Whitefish 2004 Lake Winokapau NA 347 0.15
Lake Whitefish 2004 Lake Winokapau NA 351 0.14
Lake Whitefish 2004 Lake Winokapau NA 367 0.2
Lake Whitefish 2004 Lake Winokapau NA 370 0.13
Lake Whitefish 2004 Lake Winokapau NA 377 0.18
Lake Whitefish 2004 Lake Winokapau NA 389 0.17
Lake Whitefish 2004 Lake Winokapau NA 444 0.23

173 173 0 0 1
497 0.45 0 0 0
104 0.02 0 0 0

9 0 0 1
5% NC NC 100%
164 0 0 0
95% NC NC 0%

0 NC NC NC

0% NC NC NC

18 NC NC NC

10% NC NC NC

5 NC NC NC

3% NC NC NC
0.12

NA = not available as not reported in Stantec (2010).
PUFA = polyunsaturated fatty acids.
NC = not calculated as not relevant to the noted exceedance.
CR = Churchill River.
CFIA = Canadian Food Inspection Agency.
ww = wet weight.
RDL = reported detection limit.
EPC = exposure point concentration.
UCLM95 = upper 95% confidence limit on arithmetic mean.
"<" denotes that concentration is less than the RDL.

% of Samples with Non-Detectable THg Concentrations (<RDL)a

Detection Frequency - # of Samples with THg Concentrations >RDLa

Detection Frequency - % of Samples with THg Concentrations >RDLa

# of Samples with THg Concentrations Exceeding Health Canada (CFIA) Action Level for
Mercury in Fish and Fish Products (0.5 mg/kg ww)

Number of Sample(s) (N)
Maximum
Minimum

Number of Samples with Non-Detectable THg Concentrations (<RDL)a

NOTES:

a. Only samples from the AMEC aquatic Environmental Effects Monitoring (EEM) dataset could be used to determine the number of samples with THg concentrations less than the laboratory's RDL, as
the data compiled by Stantec (2010) did not report RDLs or otherwise differentiate between non-detectable and detectable concentrations.  It was assumed that all concentrations reported in Stantec
(2010) were at or above the RDL and that all samples with concentrations less than the RDL had been assumed to be present at concentrations equal to the RDL value.

Exceedance Frequency - % of samples >0.5 mg/kg ww
# of Samples with THg Concentrations Exceeding Health Canada Advisory Level for

Subsistence Consumers of 0.2 mg/kg ww
Exceedance Frequency - % of samples >0.2 mg/kg ww

UCLM95-based EPC 95% Approximate Gamma UCL

# of Samples with THg Concentrations Exceeding U.S. EPA Fish Tissue Criterion for
Consumers of Non-Commercial Freshwater/Estuarine Fish (0.3 mg/kg ww)

Exceedance Frequency - % of samples >0.3 mg/kg ww
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Study Area Fish Data Summary: Round Whitefish

Species Year Location Sample ID Length (mm)
Total Mercury (THg)

Concentration
(mg/kg ww)

Methylmercury (MeHg)
Concentration

(ug/kg ww)

PUFA Concentration
(g/100g; ww)

Selenium
Concentration

(mg/kg ww)
Round Whitefish 2015 Tributary RWF01 254 0.09
Round Whitefish 2015 Mainstem Slow RWF02 346 <0.05
Round Whitefish 2015 Mainstem Slow RWF03 241 0.08
Round Whitefish 2015 Tributary RWF06 186 <0.05
Round Whitefish 2015 Tributary RWF07 201 0.05
Round Whitefish 2015 Mainstem Slow RWF08 186 <0.05
Round Whitefish 2015 Tributary RWF09 246 0.07
Round Whitefish 2015 Mainstem Slow RWF10 222 <0.05
Round Whitefish 2011 Estuary RWF01 223 0.05
Round Whitefish 2012 Mainstem Slow RWF01 173 0.068
Round Whitefish 2012 Mainstem Slow RWF02 191 0.066
Round Whitefish 2012 Mainstem Slow RWF03 145 0.051
Round Whitefish 2012 Tributary RWF04 182 0.091
Round Whitefish 2012 Mainstem Slow RWF06 147 0.072
Round Whitefish 2010 CR ("Section1") NA 107 0.02
Round Whitefish 2010 CR ("Section1") NA 149 0.02
Round Whitefish 2010 CR ("Section1") NA 152 0.06
Round Whitefish 2010 CR ("Section1") NA 110 0.02
Round Whitefish 2010 CR ("Section1") NA 112 0.03
Round Whitefish 2010 CR ("Section1") NA 104 0.02
Round Whitefish 2010 CR ("Section1") NA 162 0.03
Round Whitefish 2010 CR ("Section1") NA 117 0.03
Round Whitefish 2010 CR ("Section1") NA 125 0.02
Round Whitefish 2010 CR ("Section1") NA 173 0.03
Round Whitefish 2010 CR ("Section1") NA 115 0.03
Round Whitefish 2010 CR ("Section1") NA 103 0.02
Round Whitefish 2010 CR ("Section1") NA 110 0.02
Round Whitefish 2010 CR ("Section1") NA 110 0.04
Round Whitefish 2010 CR ("Section1") NA 115 0.03
Round Whitefish 2010 CR ("Section1") NA 120 0.03
Round Whitefish 2010 CR ("Section1") NA 110 0.04
Round Whitefish 2010 CR ("Section1") NA 118 0.02
Round Whitefish 2010 CR ("Section1") NA 105 0.02
Round Whitefish 2010 CR ("Section1") NA 105 0.03
Round Whitefish 2010 CR ("Section1") NA 100 0.03

35 35 0 0 0
346 0.091 0 0 0
100 0.02 0 0 0

4 0 0 0
11% NC NC NC
31 0 0 0

89% NC NC NC

0 NC NC NC

0% NC NC NC

0 NC NC NC

0% NC NC NC

0 NC NC NC

0% NC NC NC
0.05

NA = not available as not reported in Stantec (2010).
PUFA = polyunsaturated fatty acids.
NC = not calculated as not relevant to the noted exceedance.
CR = Churchill River.
CFIA = Canadian Food Inspection Agency.
ww = wet weight.
RDL = reported detection limit.
EPC = exposure point concentration.
UCLM95 = upper 95% confidence limit on arithmetic mean.
"<" denotes that concentration is less than the RDL.

Number of Samples with Non-Detectable THg Concentrations (<RDL)a

Number of Sample(s) (N)
Maximum
Minimum

UCLM95-based EPC 95% Student's-t UCL
NOTES:

a. Only samples from the AMEC aquatic Environmental Effects Monitoring (EEM) dataset could be used to determine the number of samples with THg concentrations less than the laboratory's
RDL, as the data compiled by Stantec (2010) did not report RDLs or otherwise differentiate between non-detectable and detectable concentrations.  It was assumed that all concentrations
reported in Stantec (2010) were at or above the RDL and that all samples with concentrations less than the RDL had been assumed to be present at concentrations equal to the RDL value.

% of Samples with Non-Detectable THg Concentrations (<RDL)a

Detection Frequency - # of Samples with THg Concentrations >RDLa

Detection Frequency - % of Samples with THg Concentrations >RDLa

# of Samples with THg Concentrations Exceeding Health Canada (CFIA) Action Level
for Mercury in Fish and Fish Products (0.5 mg/kg ww)

# of Samples with THg Concentrations Exceeding U.S. EPA Fish Tissue Criterion for
Consumers of Non-Commercial Freshwater/Estuarine Fish (0.3 mg/kg ww)

Exceedance Frequency - % of samples >0.3 mg/kg ww

Exceedance Frequency - % of samples >0.5 mg/kg ww
# of Samples with THg Concentrations Exceeding Health Canada Advisory Level for

Subsistence Consumers of 0.2 mg/kg ww
Exceedance Frequency - % of samples >0.2 mg/kg ww
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25.000000 19.000000

    0

0.0280000 0.0948800

0.1600000 0.0950000

0.0397967 0.0079593

0.4194424 0.0254461

0.9585389

0.9180000

0.0987727

0.1726000

0.1084975 0.1080152

0.1085042

0.4220668

0.7471310

0.1153238

0.1749655

4.9111994 4.3485221

0.0193191 0.0218189

245.55997 217.42611

0.0948800 0.0454992

184.29987

0.0395000 182.22331

0.1119338 0.1132094

0.9128315

0.9180000

0.1477611

0.1726000

-3.575551 -2.460391

-1.832581 0.5024117

0.1184728 0.1265935

0.1402937 0.1593091

0.1966610

0.1079719 0.1084975

0.1077718 0.1092341

0.1083004 0.1078000

0.1079600

0.1187580 0.1295740

0.1445861 0.1740744

0.1084975

Number of Bootstrap Operations   2000

Atlantic Salmon

From File   WorkSheet.xls

Full Precision   ON

Confidence Coefficient   95%

UCL Statistics for Uncensored Full Data Sets

User Selected Options

Date/Time of Computation   ProUCL 5.17/6/2016 12:46:09 PM

Normal GOF Test

Shapiro Wilk Test Statistic Shapiro Wilk GOF Test

5% Shapiro Wilk Critical Value Data appear Normal at 5% Significance Level

Maximum Median

SD Std. Error of Mean

Coefficient of Variation Skewness

General Statistics

Total Number of Observations Number of Distinct Observations

Number of Missing Observations

Minimum Mean

Gamma GOF Test

A-D Test Statistic Anderson-Darling Gamma GOF Test

5% A-D Critical Value Detected data appear Gamma Distributed at 5% Significance Level

Assuming Normal Distribution

   95% Normal UCL    95% UCLs (Adjusted for Skewness)

   95% Student's-t UCL    95% Adjusted-CLT UCL (Chen-1995)

   95% Modified-t UCL (Johnson-1978)

Lilliefors Test Statistic Lilliefors GOF Test

5% Lilliefors Critical Value Data appear Normal at 5% Significance Level

Data appear Normal at 5% Significance Level

MLE Mean (bias corrected) MLE Sd (bias corrected)

Approximate Chi Square Value (0.05)

Adjusted Level of Significance Adjusted Chi Square Value

Gamma Statistics

k hat (MLE) k star (bias corrected MLE)

Theta hat (MLE) Theta star (bias corrected MLE)

nu hat (MLE) nu star (bias corrected)

K-S Test Statistic Kolmogorov-Smirnov Gamma GOF Test

5% K-S Critical Value Detected data appear Gamma Distributed at 5% Significance Level

Detected data appear Gamma Distributed at 5% Significance Level

5% Lilliefors Critical Value Data appear Lognormal at 5% Significance Level

Data appear Approximate Lognormal at 5% Significance Level

Lognormal Statistics

Minimum of Logged Data Mean of logged Data

Shapiro Wilk Test Statistic Shapiro Wilk Lognormal GOF Test

5% Shapiro Wilk Critical Value Data Not Lognormal at 5% Significance Level

Lilliefors Test Statistic Lilliefors Lognormal GOF Test

Assuming Gamma Distribution

   95% Approximate Gamma UCL (use when n>=50))    95% Adjusted Gamma UCL (use when n<50)

Lognormal GOF Test

Data appear to follow a Discernible Distribution at 5% Significance Level

Nonparametric Distribution Free UCLs

   95% CLT UCL    95% Jackknife UCL

   95% Standard Bootstrap UCL    95% Bootstrap-t UCL

   95% Chebyshev (MVUE) UCL  97.5% Chebyshev (MVUE) UCL

   99% Chebyshev (MVUE) UCL

Nonparametric Distribution Free UCL Statistics

Maximum of Logged Data SD of logged Data

Assuming Lognormal Distribution

   95% H-UCL    90% Chebyshev (MVUE) UCL

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

Recommendations are based upon data size, data distribution, and skewness.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.

 97.5% Chebyshev(Mean, Sd) UCL    99% Chebyshev(Mean, Sd) UCL

Suggested UCL to Use

95% Student's-t UCL

   95% Hall's Bootstrap UCL    95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

   90% Chebyshev(Mean, Sd) UCL    95% Chebyshev(Mean, Sd) UCL
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340.00000 41.000000

    0

0.0200000 0.0674294

0.4400000 0.0500000

0.0420833 0.0022823

0.6241094 4.4633199

0.5977496

    0

0.2723878

0.0484462

0.0711937 0.0717737

0.0712858

29.165218

0.7571631

0.2943548

0.0494805

4.8883688 4.8471969

0.0137938 0.0139110

3324.0908 3296.0939

0.0674294 0.0306270

3163.6911

0.0492941 3163.1474

0.0702514 0.0702635

0.8380661

    0

0.2909453

0.0484462

-3.912023 -2.802431

-0.820981 0.4153375

0.0687970 0.0707600

0.0728668 0.0757910

0.0815349

0.0711834 0.0711937

0.0712100 0.0723465

0.0720285 0.0710912

0.0718176

0.0742763 0.0773777

0.0816823 0.0901379

0.0711937 0.0712858

SD Std. Error of Mean

Coefficient of Variation Skewness

Normal GOF Test

Number of Missing Observations

Minimum Mean

Maximum Median

Brook Trout

General Statistics

Total Number of Observations Number of Distinct Observations

   95% Student's-t UCL    95% Adjusted-CLT UCL (Chen-1995)

   95% Modified-t UCL (Johnson-1978)

Gamma GOF Test

5% Lilliefors Critical Value Data Not Normal at 5% Significance Level

Data Not Normal at 5% Significance Level

Assuming Normal Distribution

   95% Normal UCL    95% UCLs (Adjusted for Skewness)

Shapiro Wilk Test Statistic Shapiro Wilk GOF Test

5% Shapiro Wilk P Value Data Not Normal at 5% Significance Level

Lilliefors Test Statistic Lilliefors GOF Test

Theta hat (MLE) Theta star (bias corrected MLE)

nu hat (MLE) nu star (bias corrected)

MLE Mean (bias corrected) MLE Sd (bias corrected)

5% K-S Critical Value Data Not Gamma Distributed at 5% Significance Level

Data Not Gamma Distributed at 5% Significance Level

Gamma Statistics

k hat (MLE) k star (bias corrected MLE)

A-D Test Statistic Anderson-Darling Gamma GOF Test

5% A-D Critical Value Data Not Gamma Distributed at 5% Significance Level

K-S Test Statistic Kolmogorov-Smirnov Gamma GOF Test

5% Shapiro Wilk P Value Data Not Lognormal at 5% Significance Level

Lilliefors Test Statistic Lilliefors Lognormal GOF Test

5% Lilliefors Critical Value Data Not Lognormal at 5% Significance Level

   95% Approximate Gamma UCL (use when n>=50))    95% Adjusted Gamma UCL (use when n<50)

Lognormal GOF Test

Shapiro Wilk Test Statistic Shapiro Wilk Lognormal GOF Test

Approximate Chi Square Value (0.05)

Adjusted Level of Significance Adjusted Chi Square Value

Assuming Gamma Distribution

   99% Chebyshev (MVUE) UCL

Nonparametric Distribution Free UCL Statistics

Data do not follow a Discernible Distribution (0.05)

Assuming Lognormal Distribution

   95% H-UCL    90% Chebyshev (MVUE) UCL

   95% Chebyshev (MVUE) UCL  97.5% Chebyshev (MVUE) UCL

Data Not Lognormal at 5% Significance Level

Lognormal Statistics

Minimum of Logged Data Mean of logged Data

Maximum of Logged Data SD of logged Data

Suggested UCL to Use

95% Student's-t UCL or 95% Modified-t UCL

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

   95% BCA Bootstrap UCL

   90% Chebyshev(Mean, Sd) UCL    95% Chebyshev(Mean, Sd) UCL

 97.5% Chebyshev(Mean, Sd) UCL    99% Chebyshev(Mean, Sd) UCL

Nonparametric Distribution Free UCLs

   95% CLT UCL    95% Jackknife UCL

   95% Standard Bootstrap UCL    95% Bootstrap-t UCL

   95% Hall's Bootstrap UCL    95% Percentile Bootstrap UCL

Recommendations are based upon data size, data distribution, and skewness.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.
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24.000000 18.000000

    0

0.0200000 0.0748750

0.1500000 0.0750000

0.0306145 0.0062491

0.4088741 0.3533535

0.9796803

0.9160000

0.0809112

0.1766000

0.0855852 0.0856356

0.0856604

0.3001727

0.7459842

0.1175033

0.1782535

5.5048002 4.8444780

0.0136018 0.0154557

264.23041 232.53494

0.0748750 0.0340184

198.23576

0.0392000 196.01184

0.0878300 0.0888265

0.9482711

0.9160000

0.1425582

0.1766000

-3.912023 -2.685506

-1.897120 0.4691034

0.0921427 0.0982698

0.1084769 0.1226439

0.1504722

0.0851539 0.0855852

0.0852058 0.0859550

0.0861121 0.0847083

0.0858333

0.0936224 0.1021144

0.1139009 0.1370532

0.0855852

Minimum Mean

Maximum Median

SD Std. Error of Mean

General Statistics

Total Number of Observations Number of Distinct Observations

Number of Missing Observations

Dwarf Lake Whitefish

Data appear Normal at 5% Significance Level

Assuming Normal Distribution

   95% Normal UCL    95% UCLs (Adjusted for Skewness)

   95% Student's-t UCL    95% Adjusted-CLT UCL (Chen-1995)

5% Shapiro Wilk Critical Value Data appear Normal at 5% Significance Level

Lilliefors Test Statistic Lilliefors GOF Test

5% Lilliefors Critical Value Data appear Normal at 5% Significance Level

Coefficient of Variation Skewness

Normal GOF Test

Shapiro Wilk Test Statistic Shapiro Wilk GOF Test

Detected data appear Gamma Distributed at 5% Significance Level

Gamma Statistics

k hat (MLE) k star (bias corrected MLE)

Theta hat (MLE) Theta star (bias corrected MLE)

5% A-D Critical Value Detected data appear Gamma Distributed at 5% Significance Level

K-S Test Statistic Kolmogorov-Smirnov Gamma GOF Test

5% K-S Critical Value Detected data appear Gamma Distributed at 5% Significance Level

   95% Modified-t UCL (Johnson-1978)

Gamma GOF Test

A-D Test Statistic Anderson-Darling Gamma GOF Test

Lognormal GOF Test

Shapiro Wilk Test Statistic Shapiro Wilk Lognormal GOF Test

5% Shapiro Wilk Critical Value Data appear Lognormal at 5% Significance Level

Adjusted Level of Significance Adjusted Chi Square Value

Assuming Gamma Distribution

   95% Approximate Gamma UCL (use when n>=50))    95% Adjusted Gamma UCL (use when n<50)

nu hat (MLE) nu star (bias corrected)

MLE Mean (bias corrected) MLE Sd (bias corrected)

Approximate Chi Square Value (0.05)

Assuming Lognormal Distribution

   95% H-UCL    90% Chebyshev (MVUE) UCL

   95% Chebyshev (MVUE) UCL  97.5% Chebyshev (MVUE) UCL

   99% Chebyshev (MVUE) UCL

Lognormal Statistics

Minimum of Logged Data Mean of logged Data

Maximum of Logged Data SD of logged Data

Lilliefors Test Statistic Lilliefors Lognormal GOF Test

5% Lilliefors Critical Value Data appear Lognormal at 5% Significance Level

Data appear Lognormal at 5% Significance Level

   90% Chebyshev(Mean, Sd) UCL    95% Chebyshev(Mean, Sd) UCL

 97.5% Chebyshev(Mean, Sd) UCL    99% Chebyshev(Mean, Sd) UCL

Suggested UCL to Use

   95% Standard Bootstrap UCL    95% Bootstrap-t UCL

   95% Hall's Bootstrap UCL    95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

Nonparametric Distribution Free UCL Statistics

Data appear to follow a Discernible Distribution at 5% Significance Level

Nonparametric Distribution Free UCLs

   95% CLT UCL    95% Jackknife UCL

However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.

95% Student's-t UCL

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

Recommendations are based upon data size, data distribution, and skewness.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).
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44.000000 13.000000

    0

0.0100000 0.0668182

0.1400000 0.0700000

0.0286740 0.0043228

0.4291348 0.1373316

0.9769249

0.9440000

0.0896326

0.1322000

0.0740851 0.0740241

0.0741000

0.8395107

0.7528171

0.1469705

0.1337949

4.4212697 4.1349711

0.0151129 0.0161593

389.07174 363.87745

0.0668182 0.0328593

320.67012

0.0445455 319.29977

0.0758213 0.0761467

0.9089058

0.9440000

0.1662666

0.1322000

-4.605170 -2.823112

-1.966113 0.5393036

0.0805577 0.0861079

0.0940997 0.1051920

0.1269807

0.0739285 0.0740851

0.0739714 0.0745024

0.0746041 0.0738636

0.0743182

0.0797865 0.0856607

0.0938139 0.1098292

0.0740851

Total Number of Observations Number of Distinct Observations

Number of Missing Observations

Minimum Mean

Lake Chub

General Statistics

Lilliefors Test Statistic Lilliefors GOF Test

5% Lilliefors Critical Value Data appear Normal at 5% Significance Level

Data appear Normal at 5% Significance Level

Normal GOF Test

Shapiro Wilk Test Statistic Shapiro Wilk GOF Test

5% Shapiro Wilk Critical Value Data appear Normal at 5% Significance Level

Maximum Median

SD Std. Error of Mean

Coefficient of Variation Skewness

K-S Test Statistic Kolmogorov-Smirnov Gamma GOF Test

5% K-S Critical Value Data Not Gamma Distributed at 5% Significance Level

Data Not Gamma Distributed at 5% Significance Level

Gamma GOF Test

A-D Test Statistic Anderson-Darling Gamma GOF Test

5% A-D Critical Value Data Not Gamma Distributed at 5% Significance Level

Assuming Normal Distribution

   95% Normal UCL    95% UCLs (Adjusted for Skewness)

   95% Student's-t UCL    95% Adjusted-CLT UCL (Chen-1995)

   95% Modified-t UCL (Johnson-1978)

Assuming Gamma Distribution

   95% Approximate Gamma UCL (use when n>=50))    95% Adjusted Gamma UCL (use when n<50)

Lognormal GOF Test

MLE Mean (bias corrected) MLE Sd (bias corrected)

Approximate Chi Square Value (0.05)

Adjusted Level of Significance Adjusted Chi Square Value

Gamma Statistics

k hat (MLE) k star (bias corrected MLE)

Theta hat (MLE) Theta star (bias corrected MLE)

nu hat (MLE) nu star (bias corrected)

Maximum of Logged Data SD of logged Data

Assuming Lognormal Distribution

   95% H-UCL    90% Chebyshev (MVUE) UCL

5% Lilliefors Critical Value Data Not Lognormal at 5% Significance Level

Data Not Lognormal at 5% Significance Level

Lognormal Statistics

Minimum of Logged Data Mean of logged Data

Shapiro Wilk Test Statistic Shapiro Wilk Lognormal GOF Test

5% Shapiro Wilk Critical Value Data Not Lognormal at 5% Significance Level

Lilliefors Test Statistic Lilliefors Lognormal GOF Test

   95% Hall's Bootstrap UCL    95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

   90% Chebyshev(Mean, Sd) UCL    95% Chebyshev(Mean, Sd) UCL

Data appear to follow a Discernible Distribution at 5% Significance Level

Nonparametric Distribution Free UCLs

   95% CLT UCL    95% Jackknife UCL

   95% Standard Bootstrap UCL    95% Bootstrap-t UCL

   95% Chebyshev (MVUE) UCL  97.5% Chebyshev (MVUE) UCL

   99% Chebyshev (MVUE) UCL

Nonparametric Distribution Free UCL Statistics

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

Recommendations are based upon data size, data distribution, and skewness.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.

 97.5% Chebyshev(Mean, Sd) UCL    99% Chebyshev(Mean, Sd) UCL

Suggested UCL to Use

95% Student's-t UCL
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173.00000 38.000000

    0

0.0200000 0.1162775

0.4500000 0.1000000

0.0704061 0.0053529

0.6055007 1.5780643

0.8742089

    0

0.1232098

0.0677720

0.1251298 0.1257684

0.1252369

1.0725371

0.7591657

0.0680036

0.0710468

3.2041798 3.1524696

0.0362893 0.0368846

1108.6462 1090.7545

0.1162775 0.0654893

1015.0826

0.0486127 1014.4772

0.1249456 0.1250202

0.9795322

0.3373808

0.0593483

0.0677720

-3.912023 -2.315863

-0.798508 0.5787692

0.1266331 0.1330994

0.1405994 0.1510090

0.1714568

0.1250822 0.1251298

0.1252113 0.1259785

0.1259539 0.1252370

0.1255202

0.1323361 0.1396101

0.1497061 0.1695379

0.1249456

Lake Whitefish

General Statistics

Total Number of Observations Number of Distinct Observations

Shapiro Wilk Test Statistic Shapiro Wilk GOF Test

5% Shapiro Wilk P Value Data Not Normal at 5% Significance Level

Lilliefors Test Statistic Lilliefors GOF Test

SD Std. Error of Mean

Coefficient of Variation Skewness

Normal GOF Test

Number of Missing Observations

Minimum Mean

Maximum Median

A-D Test Statistic Anderson-Darling Gamma GOF Test

5% A-D Critical Value Data Not Gamma Distributed at 5% Significance Level

K-S Test Statistic Kolmogorov-Smirnov Gamma GOF Test

   95% Student's-t UCL    95% Adjusted-CLT UCL (Chen-1995)

   95% Modified-t UCL (Johnson-1978)

Gamma GOF Test

5% Lilliefors Critical Value Data Not Normal at 5% Significance Level

Data Not Normal at 5% Significance Level

Assuming Normal Distribution

   95% Normal UCL    95% UCLs (Adjusted for Skewness)

Approximate Chi Square Value (0.05)

Adjusted Level of Significance Adjusted Chi Square Value

Assuming Gamma Distribution

Theta hat (MLE) Theta star (bias corrected MLE)

nu hat (MLE) nu star (bias corrected)

MLE Mean (bias corrected) MLE Sd (bias corrected)

5% K-S Critical Value Detected data appear Gamma Distributed at 5% Significance Level

Detected data follow Appr. Gamma Distribution at 5% Significance Level

Gamma Statistics

k hat (MLE) k star (bias corrected MLE)

Data appear Lognormal at 5% Significance Level

Lognormal Statistics

Minimum of Logged Data Mean of logged Data

Maximum of Logged Data SD of logged Data

5% Shapiro Wilk P Value Data appear Lognormal at 5% Significance Level

Lilliefors Test Statistic Lilliefors Lognormal GOF Test

5% Lilliefors Critical Value Data appear Lognormal at 5% Significance Level

   95% Approximate Gamma UCL (use when n>=50)    95% Adjusted Gamma UCL (use when n<50)

Lognormal GOF Test

Shapiro Wilk Test Statistic Shapiro Wilk Lognormal GOF Test

Nonparametric Distribution Free UCLs

   95% CLT UCL    95% Jackknife UCL

   95% Standard Bootstrap UCL    95% Bootstrap-t UCL

   95% Hall's Bootstrap UCL    95% Percentile Bootstrap UCL

   99% Chebyshev (MVUE) UCL

Nonparametric Distribution Free UCL Statistics

Data appear to follow a Discernible Distribution at 5% Significance Level

Assuming Lognormal Distribution

   95% H-UCL    90% Chebyshev (MVUE) UCL

   95% Chebyshev (MVUE) UCL  97.5% Chebyshev (MVUE) UCL

When applicable, it is suggested to use a UCL based upon a distribution (e.g., gamma) passing both GOF tests in ProUCL

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

Recommendations are based upon data size, data distribution, and skewness.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.

Suggested UCL to Use

95% Approximate Gamma UCL

When a data set follows an approximate (e.g., normal) distribution passing one of the GOF test

   95% BCA Bootstrap UCL

   90% Chebyshev(Mean, Sd) UCL    95% Chebyshev(Mean, Sd) UCL

 97.5% Chebyshev(Mean, Sd) UCL    99% Chebyshev(Mean, Sd) UCL
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500.00000 58.000000

    0

0.0100000 0.0829940

0.5500000 0.0500000

0.0732129 0.0032742

0.8821464 2.7037267

0.6950766

    0

0.2552663

0.0399771

0.0883896 0.0888026

0.0884555

25.298187

0.7665080

0.2411876

0.0409664

2.1027012 2.0914183

0.0394702 0.0396831

2102.7012 2091.4183

0.0829940 0.0573887

1986.1868

0.0495200 1985.8949

0.0873912 0.0874040

0.9222402

    0

0.2160325

0.0399771

-4.605170 -2.745236

-0.597837 0.6783768

0.0856139 0.0889472

0.0926348 0.0977532

0.1078071

0.0883795 0.0883896

0.0883905 0.0887976

0.0888455 0.0882960

0.0892380

0.0928165 0.0972658

0.1034412 0.1155717

0.0972658

SD Std. Error of Mean

Coefficient of Variation Skewness

Normal GOF Test

Number of Missing Observations

Minimum Mean

Maximum Median

Longnose Sucker

General Statistics

Total Number of Observations Number of Distinct Observations

   95% Student's-t UCL    95% Adjusted-CLT UCL (Chen-1995)

   95% Modified-t UCL (Johnson-1978)

Gamma GOF Test

5% Lilliefors Critical Value Data Not Normal at 5% Significance Level

Data Not Normal at 5% Significance Level

Assuming Normal Distribution

   95% Normal UCL    95% UCLs (Adjusted for Skewness)

Shapiro Wilk Test Statistic Shapiro Wilk GOF Test

5% Shapiro Wilk P Value Data Not Normal at 5% Significance Level

Lilliefors Test Statistic Lilliefors GOF Test

Theta hat (MLE) Theta star (bias corrected MLE)

nu hat (MLE) nu star (bias corrected)

MLE Mean (bias corrected) MLE Sd (bias corrected)

5% K-S Critical Value Data Not Gamma Distributed at 5% Significance Level

Data Not Gamma Distributed at 5% Significance Level

Gamma Statistics

k hat (MLE) k star (bias corrected MLE)

A-D Test Statistic Anderson-Darling Gamma GOF Test

5% A-D Critical Value Data Not Gamma Distributed at 5% Significance Level

K-S Test Statistic Kolmogorov-Smirnov Gamma GOF Test

5% Shapiro Wilk P Value Data Not Lognormal at 5% Significance Level

Lilliefors Test Statistic Lilliefors Lognormal GOF Test

5% Lilliefors Critical Value Data Not Lognormal at 5% Significance Level

   95% Approximate Gamma UCL (use when n>=50))    95% Adjusted Gamma UCL (use when n<50)

Lognormal GOF Test

Shapiro Wilk Test Statistic Shapiro Wilk Lognormal GOF Test

Approximate Chi Square Value (0.05)

Adjusted Level of Significance Adjusted Chi Square Value

Assuming Gamma Distribution

   99% Chebyshev (MVUE) UCL

Nonparametric Distribution Free UCL Statistics

Data do not follow a Discernible Distribution (0.05)

Assuming Lognormal Distribution

   95% H-UCL    90% Chebyshev (MVUE) UCL

   95% Chebyshev (MVUE) UCL  97.5% Chebyshev (MVUE) UCL

Data Not Lognormal at 5% Significance Level

Lognormal Statistics

Minimum of Logged Data Mean of logged Data

Maximum of Logged Data SD of logged Data

Suggested UCL to Use

95% Chebyshev (Mean, Sd) UCL

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

   95% BCA Bootstrap UCL

   90% Chebyshev(Mean, Sd) UCL    95% Chebyshev(Mean, Sd) UCL

 97.5% Chebyshev(Mean, Sd) UCL    99% Chebyshev(Mean, Sd) UCL

Nonparametric Distribution Free UCLs

   95% CLT UCL    95% Jackknife UCL

   95% Standard Bootstrap UCL    95% Bootstrap-t UCL

   95% Hall's Bootstrap UCL    95% Percentile Bootstrap UCL

Recommendations are based upon data size, data distribution, and skewness.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.
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93.000000 31.000000

    0

0.0100000 0.2094194

2.7000000 0.0560000

0.4284686 0.0444301

2.0459836 3.4442519

0.4829730

    0

0.3861136

0.0920809

0.2832438 0.2994559

0.2858885

10.837206

0.8071149

0.2983167

0.0973336

0.6158174 0.6031208

0.3400673 0.3472262

114.54204 112.18047

0.2094194 0.2696588

88.730996

0.0474194 88.404378

0.2647639 0.2657421

0.8639791

4.891E-12

0.1976014

0.0920809

-4.605170 -2.562931

0.9932518 1.2288378

0.2253757 0.2408145

0.2766383 0.3263605

0.4240299

0.2825004 0.2832438

0.2822441 0.3043583

0.3076939 0.2858065

0.3063226

0.3427097 0.4030858

0.4868854 0.6514935

0.4030858

Minimum Mean

Maximum Median

SD Std. Error of Mean

General Statistics

Total Number of Observations Number of Distinct Observations

Number of Missing Observations

Northern Pike

Data Not Normal at 5% Significance Level

Assuming Normal Distribution

   95% Normal UCL    95% UCLs (Adjusted for Skewness)

   95% Student's-t UCL    95% Adjusted-CLT UCL (Chen-1995)

5% Shapiro Wilk P Value Data Not Normal at 5% Significance Level

Lilliefors Test Statistic Lilliefors GOF Test

5% Lilliefors Critical Value Data Not Normal at 5% Significance Level

Coefficient of Variation Skewness

Normal GOF Test

Shapiro Wilk Test Statistic Shapiro Wilk GOF Test

Data Not Gamma Distributed at 5% Significance Level

Gamma Statistics

k hat (MLE) k star (bias corrected MLE)

Theta hat (MLE) Theta star (bias corrected MLE)

5% A-D Critical Value Data Not Gamma Distributed at 5% Significance Level

K-S Test Statistic Kolmogorov-Smirnov Gamma GOF Test

5% K-S Critical Value Data Not Gamma Distributed at 5% Significance Level

   95% Modified-t UCL (Johnson-1978)

Gamma GOF Test

A-D Test Statistic Anderson-Darling Gamma GOF Test

Lognormal GOF Test

Shapiro Wilk Test Statistic Shapiro Wilk Lognormal GOF Test

5% Shapiro Wilk P Value Data Not Lognormal at 5% Significance Level

Adjusted Level of Significance Adjusted Chi Square Value

Assuming Gamma Distribution

   95% Approximate Gamma UCL (use when n>=50))    95% Adjusted Gamma UCL (use when n<50)

nu hat (MLE) nu star (bias corrected)

MLE Mean (bias corrected) MLE Sd (bias corrected)

Approximate Chi Square Value (0.05)

Assuming Lognormal Distribution

   95% H-UCL    90% Chebyshev (MVUE) UCL

   95% Chebyshev (MVUE) UCL  97.5% Chebyshev (MVUE) UCL

   99% Chebyshev (MVUE) UCL

Lognormal Statistics

Minimum of Logged Data Mean of logged Data

Maximum of Logged Data SD of logged Data

Lilliefors Test Statistic Lilliefors Lognormal GOF Test

5% Lilliefors Critical Value Data Not Lognormal at 5% Significance Level

Data Not Lognormal at 5% Significance Level

   90% Chebyshev(Mean, Sd) UCL    95% Chebyshev(Mean, Sd) UCL

 97.5% Chebyshev(Mean, Sd) UCL    99% Chebyshev(Mean, Sd) UCL

Suggested UCL to Use

   95% Standard Bootstrap UCL    95% Bootstrap-t UCL

   95% Hall's Bootstrap UCL    95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

Nonparametric Distribution Free UCL Statistics

Data do not follow a Discernible Distribution (0.05)

Nonparametric Distribution Free UCLs

   95% CLT UCL    95% Jackknife UCL

However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.

95% Chebyshev (Mean, Sd) UCL

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

Recommendations are based upon data size, data distribution, and skewness.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).
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142.00000 23.000000

    0

0.0300000 0.0959859

0.3100000 0.0700000

0.0592274 0.0049703

0.6170427 1.5683972

0.7927790

    0

0.1905787

0.0747326

0.1042153 0.1048602

0.1043244

6.0557591

0.7579721

0.1843668

0.0790411

3.4581076 3.3897438

0.0277568 0.0283166

982.10256 962.68725

0.0959859 0.0521344

891.66736

0.0483099 890.97494

0.1036310 0.1037116

0.8910569

7.772E-16

0.1771386

0.0747326

-3.506558 -2.495054

-1.171183 0.5287753

0.1029932 0.1081778

0.1142541 0.1226877

0.1392538

0.1041613 0.1042153

0.1040756 0.1053104

0.1047179 0.1044366

0.1049296

0.1108967 0.1176508

0.1270251 0.1454393

0.1176508

Total Number of Observations Number of Distinct Observations

Number of Missing Observations

Minimum Mean

Rainbow Smelt

General Statistics

Lilliefors Test Statistic Lilliefors GOF Test

5% Lilliefors Critical Value Data Not Normal at 5% Significance Level

Data Not Normal at 5% Significance Level

Normal GOF Test

Shapiro Wilk Test Statistic Shapiro Wilk GOF Test

5% Shapiro Wilk P Value Data Not Normal at 5% Significance Level

Maximum Median

SD Std. Error of Mean

Coefficient of Variation Skewness

K-S Test Statistic Kolmogorov-Smirnov Gamma GOF Test

5% K-S Critical Value Data Not Gamma Distributed at 5% Significance Level

Data Not Gamma Distributed at 5% Significance Level

Gamma GOF Test

A-D Test Statistic Anderson-Darling Gamma GOF Test

5% A-D Critical Value Data Not Gamma Distributed at 5% Significance Level

Assuming Normal Distribution

   95% Normal UCL    95% UCLs (Adjusted for Skewness)

   95% Student's-t UCL    95% Adjusted-CLT UCL (Chen-1995)

   95% Modified-t UCL (Johnson-1978)

Assuming Gamma Distribution

   95% Approximate Gamma UCL (use when n>=50))    95% Adjusted Gamma UCL (use when n<50)

Lognormal GOF Test

MLE Mean (bias corrected) MLE Sd (bias corrected)

Approximate Chi Square Value (0.05)

Adjusted Level of Significance Adjusted Chi Square Value

Gamma Statistics

k hat (MLE) k star (bias corrected MLE)

Theta hat (MLE) Theta star (bias corrected MLE)

nu hat (MLE) nu star (bias corrected)

Maximum of Logged Data SD of logged Data

Assuming Lognormal Distribution

   95% H-UCL    90% Chebyshev (MVUE) UCL

5% Lilliefors Critical Value Data Not Lognormal at 5% Significance Level

Data Not Lognormal at 5% Significance Level

Lognormal Statistics

Minimum of Logged Data Mean of logged Data

Shapiro Wilk Test Statistic Shapiro Wilk Lognormal GOF Test

5% Shapiro Wilk P Value Data Not Lognormal at 5% Significance Level

Lilliefors Test Statistic Lilliefors Lognormal GOF Test

   95% Hall's Bootstrap UCL    95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

   90% Chebyshev(Mean, Sd) UCL    95% Chebyshev(Mean, Sd) UCL

Data do not follow a Discernible Distribution (0.05)

Nonparametric Distribution Free UCLs

   95% CLT UCL    95% Jackknife UCL

   95% Standard Bootstrap UCL    95% Bootstrap-t UCL

   95% Chebyshev (MVUE) UCL  97.5% Chebyshev (MVUE) UCL

   99% Chebyshev (MVUE) UCL

Nonparametric Distribution Free UCL Statistics

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

Recommendations are based upon data size, data distribution, and skewness.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.

 97.5% Chebyshev(Mean, Sd) UCL    99% Chebyshev(Mean, Sd) UCL

Suggested UCL to Use

95% Chebyshev (Mean, Sd) UCL
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35.000000 13.000000

    0

0.0200000 0.0422286

0.0910000 0.0300000

0.0213735 0.0036128

0.5061395 0.8020478

0.8694645

0.9340000

0.2306707

0.1478000

0.0483375 0.0486944

0.0484192

1.2220183

0.7517678

0.2073286

0.1492913

4.2938616 3.9448639

0.0098346 0.0107047

300.57031 276.14048

0.0422286 0.0212613

238.65530

0.0425000 237.00666

0.0488613 0.0492012

0.8933729

0.9340000

0.1855781

0.1478000

-3.912023 -3.285599

-2.396896 0.4982323

0.0500052 0.0533463

0.0583969 0.0654070

0.0791771

0.0481711 0.0483375

0.0480852 0.0490366

0.0487690 0.0482857

0.0484286

0.0530669 0.0579764

0.0647904 0.0781754

0.0483375 0.0484192

Round Whitefish

General Statistics

Total Number of Observations Number of Distinct Observations

Shapiro Wilk Test Statistic Shapiro Wilk GOF Test

5% Shapiro Wilk Critical Value Data Not Normal at 5% Significance Level

Lilliefors Test Statistic Lilliefors GOF Test

SD Std. Error of Mean

Coefficient of Variation Skewness

Normal GOF Test

Number of Missing Observations

Minimum Mean

Maximum Median

A-D Test Statistic Anderson-Darling Gamma GOF Test

5% A-D Critical Value Data Not Gamma Distributed at 5% Significance Level

K-S Test Statistic Kolmogorov-Smirnov Gamma GOF Test

   95% Student's-t UCL    95% Adjusted-CLT UCL (Chen-1995)

   95% Modified-t UCL (Johnson-1978)

Gamma GOF Test

5% Lilliefors Critical Value Data Not Normal at 5% Significance Level

Data Not Normal at 5% Significance Level

Assuming Normal Distribution

   95% Normal UCL    95% UCLs (Adjusted for Skewness)

Approximate Chi Square Value (0.05)

Adjusted Level of Significance Adjusted Chi Square Value

Assuming Gamma Distribution

Theta hat (MLE) Theta star (bias corrected MLE)

nu hat (MLE) nu star (bias corrected)

MLE Mean (bias corrected) MLE Sd (bias corrected)

5% K-S Critical Value Data Not Gamma Distributed at 5% Significance Level

Data Not Gamma Distributed at 5% Significance Level

Gamma Statistics

k hat (MLE) k star (bias corrected MLE)

Data Not Lognormal at 5% Significance Level

Lognormal Statistics

Minimum of Logged Data Mean of logged Data

Maximum of Logged Data SD of logged Data

5% Shapiro Wilk Critical Value Data Not Lognormal at 5% Significance Level

Lilliefors Test Statistic Lilliefors Lognormal GOF Test

5% Lilliefors Critical Value Data Not Lognormal at 5% Significance Level

   95% Approximate Gamma UCL (use when n>=50))    95% Adjusted Gamma UCL (use when n<50)

Lognormal GOF Test

Shapiro Wilk Test Statistic Shapiro Wilk Lognormal GOF Test

Nonparametric Distribution Free UCLs

   95% CLT UCL    95% Jackknife UCL

   95% Standard Bootstrap UCL    95% Bootstrap-t UCL

   95% Hall's Bootstrap UCL    95% Percentile Bootstrap UCL

   99% Chebyshev (MVUE) UCL

Nonparametric Distribution Free UCL Statistics

Data do not follow a Discernible Distribution (0.05)

Assuming Lognormal Distribution

   95% H-UCL    90% Chebyshev (MVUE) UCL

   95% Chebyshev (MVUE) UCL  97.5% Chebyshev (MVUE) UCL

Recommendations are based upon data size, data distribution, and skewness.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.

Suggested UCL to Use

95% Student's-t UCL or 95% Modified-t UCL

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

   95% BCA Bootstrap UCL

   90% Chebyshev(Mean, Sd) UCL    95% Chebyshev(Mean, Sd) UCL

 97.5% Chebyshev(Mean, Sd) UCL    99% Chebyshev(Mean, Sd) UCL
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91.000000 19.000000

    0

0.0400000 0.0849451

0.3600000 0.0500000

0.0620282 0.0065023

0.7302155 2.0537677

0.6520720

    0

0.3287944

0.0930702

0.0957517 0.0971362

0.0959850

12.819625

0.7593154

0.3531727

0.0944183

2.9655510 2.8751116

0.0286439 0.0295450

539.73028 523.27031

0.0849451 0.0500969

471.21988

0.0473626 470.43225

0.0943280 0.0944859

0.7018289

    0

0.3561577

0.0930702

-3.218876 -2.643727

-1.021651 0.5451278

0.0918752 0.0973584

0.1041654 0.1136133

0.1321718

0.0956404 0.0957517

0.0957447 0.0974342

0.0974537 0.0960440

0.0979121

0.1044520 0.1132880

0.1255520 0.1496423

0.1132880

Tomcod

Coefficient of Variation Skewness

Normal GOF Test

Shapiro Wilk Test Statistic Shapiro Wilk GOF Test

Minimum Mean

Maximum Median

SD Std. Error of Mean

General Statistics

Total Number of Observations Number of Distinct Observations

Number of Missing Observations

   95% Modified-t UCL (Johnson-1978)

Gamma GOF Test

A-D Test Statistic Anderson-Darling Gamma GOF Test

Data Not Normal at 5% Significance Level

Assuming Normal Distribution

   95% Normal UCL    95% UCLs (Adjusted for Skewness)

   95% Student's-t UCL    95% Adjusted-CLT UCL (Chen-1995)

5% Shapiro Wilk P Value Data Not Normal at 5% Significance Level

Lilliefors Test Statistic Lilliefors GOF Test

5% Lilliefors Critical Value Data Not Normal at 5% Significance Level

nu hat (MLE) nu star (bias corrected)

MLE Mean (bias corrected) MLE Sd (bias corrected)

Approximate Chi Square Value (0.05)

Data Not Gamma Distributed at 5% Significance Level

Gamma Statistics

k hat (MLE) k star (bias corrected MLE)

Theta hat (MLE) Theta star (bias corrected MLE)

5% A-D Critical Value Data Not Gamma Distributed at 5% Significance Level

K-S Test Statistic Kolmogorov-Smirnov Gamma GOF Test

5% K-S Critical Value Data Not Gamma Distributed at 5% Significance Level

Lilliefors Test Statistic Lilliefors Lognormal GOF Test

5% Lilliefors Critical Value Data Not Lognormal at 5% Significance Level

Data Not Lognormal at 5% Significance Level

Lognormal GOF Test

Shapiro Wilk Test Statistic Shapiro Wilk Lognormal GOF Test

5% Shapiro Wilk P Value Data Not Lognormal at 5% Significance Level

Adjusted Level of Significance Adjusted Chi Square Value

Assuming Gamma Distribution

   95% Approximate Gamma UCL (use when n>=50))    95% Adjusted Gamma UCL (use when n<50)

Nonparametric Distribution Free UCL Statistics

Data do not follow a Discernible Distribution (0.05)

Nonparametric Distribution Free UCLs

   95% CLT UCL    95% Jackknife UCL

Assuming Lognormal Distribution

   95% H-UCL    90% Chebyshev (MVUE) UCL

   95% Chebyshev (MVUE) UCL  97.5% Chebyshev (MVUE) UCL

   99% Chebyshev (MVUE) UCL

Lognormal Statistics

Minimum of Logged Data Mean of logged Data

Maximum of Logged Data SD of logged Data

95% Chebyshev (Mean, Sd) UCL

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

Recommendations are based upon data size, data distribution, and skewness.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

   90% Chebyshev(Mean, Sd) UCL    95% Chebyshev(Mean, Sd) UCL

 97.5% Chebyshev(Mean, Sd) UCL    99% Chebyshev(Mean, Sd) UCL

Suggested UCL to Use

   95% Standard Bootstrap UCL    95% Bootstrap-t UCL

   95% Hall's Bootstrap UCL    95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.
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399.00000 60.000000

    0

0.0200000 0.0885764

0.6700000 0.0500000

0.0887060 0.0044409

1.0014625 3.4809167

0.5564564

    0

0.2822102

0.0447354

0.0958980 0.0967079

0.0960270

44.235902

0.7649533

0.3169593

0.0457784

2.1731967 2.1585277

0.0407586 0.0410356

1734.2110 1722.5051

0.0885764 0.0602892

1627.1121

0.0493985 1626.7810

0.0937694 0.0937885

0.7895998

    0

0.3161783

0.0447354

-3.912023 -2.671268

-0.400478 0.6115338

0.0882713 0.0916623

0.0954323 0.1006651

0.1109437

0.0958810 0.0958980

0.0957710 0.0967225

0.0965318 0.0959248

0.0966617

0.1018990 0.1079337

0.1163096 0.1327624

0.1079337

Maximum Median

SD Std. Error of Mean

Coefficient of Variation Skewness

Total Number of Observations Number of Distinct Observations

Number of Missing Observations

Minimum Mean

White Sucker

General Statistics

Assuming Normal Distribution

   95% Normal UCL    95% UCLs (Adjusted for Skewness)

   95% Student's-t UCL    95% Adjusted-CLT UCL (Chen-1995)

   95% Modified-t UCL (Johnson-1978)

Lilliefors Test Statistic Lilliefors GOF Test

5% Lilliefors Critical Value Data Not Normal at 5% Significance Level

Data Not Normal at 5% Significance Level

Normal GOF Test

Shapiro Wilk Test Statistic Shapiro Wilk GOF Test

5% Shapiro Wilk P Value Data Not Normal at 5% Significance Level

Gamma Statistics

k hat (MLE) k star (bias corrected MLE)

Theta hat (MLE) Theta star (bias corrected MLE)

nu hat (MLE) nu star (bias corrected)

K-S Test Statistic Kolmogorov-Smirnov Gamma GOF Test

5% K-S Critical Value Data Not Gamma Distributed at 5% Significance Level

Data Not Gamma Distributed at 5% Significance Level

Gamma GOF Test

A-D Test Statistic Anderson-Darling Gamma GOF Test

5% A-D Critical Value Data Not Gamma Distributed at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Lognormal GOF Test

5% Shapiro Wilk P Value Data Not Lognormal at 5% Significance Level

Lilliefors Test Statistic Lilliefors Lognormal GOF Test

Assuming Gamma Distribution

   95% Approximate Gamma UCL (use when n>=50))    95% Adjusted Gamma UCL (use when n<50)

Lognormal GOF Test

MLE Mean (bias corrected) MLE Sd (bias corrected)

Approximate Chi Square Value (0.05)

Adjusted Level of Significance Adjusted Chi Square Value

   95% Chebyshev (MVUE) UCL  97.5% Chebyshev (MVUE) UCL

   99% Chebyshev (MVUE) UCL

Nonparametric Distribution Free UCL Statistics

Maximum of Logged Data SD of logged Data

Assuming Lognormal Distribution

   95% H-UCL    90% Chebyshev (MVUE) UCL

5% Lilliefors Critical Value Data Not Lognormal at 5% Significance Level

Data Not Lognormal at 5% Significance Level

Lognormal Statistics

Minimum of Logged Data Mean of logged Data

 97.5% Chebyshev(Mean, Sd) UCL    99% Chebyshev(Mean, Sd) UCL

Suggested UCL to Use

95% Chebyshev (Mean, Sd) UCL

   95% Hall's Bootstrap UCL    95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

   90% Chebyshev(Mean, Sd) UCL    95% Chebyshev(Mean, Sd) UCL

Data do not follow a Discernible Distribution (0.05)

Nonparametric Distribution Free UCLs

   95% CLT UCL    95% Jackknife UCL

   95% Standard Bootstrap UCL    95% Bootstrap-t UCL

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

Recommendations are based upon data size, data distribution, and skewness.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.
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10.000000 6.0000000

    0

0.0400000 0.0840000

0.1800000 0.0600000

0.0499333 0.0157903

0.5944439 0.8479228

0.8410056

0.8420000

0.2520353

0.2616000

0.1129454 0.1144968

0.1136510

0.6796169

0.7310546

0.2556919

0.2681959

3.4033640 2.4490215

0.0246815 0.0342994

68.067280 48.980430

0.0840000 0.0536764

33.914052

0.0267000 31.747695

0.1213171 0.1295954

0.8617175

0.8420000

0.2355198

0.2616000

-3.218876 -2.630987

-1.714798 0.5793349

0.1337130 0.1305701

0.1518556 0.1813991

0.2394314

0.1099727 0.1129454

0.1083308 0.1210816

0.1086952 0.1090000

0.1110000

0.1313709 0.1528283

0.1826103 0.2411114

0.1129454

Number of Missing Observations

Minimum Mean

Maximum Median

Winter Flounder

General Statistics

Total Number of Observations Number of Distinct Observations

5% Lilliefors Critical Value Data appear Normal at 5% Significance Level

Data appear Approximate Normal at 5% Significance Level

Assuming Normal Distribution

   95% Normal UCL    95% UCLs (Adjusted for Skewness)

Shapiro Wilk Test Statistic Shapiro Wilk GOF Test

5% Shapiro Wilk Critical Value Data Not Normal at 5% Significance Level

Lilliefors Test Statistic Lilliefors GOF Test

SD Std. Error of Mean

Coefficient of Variation Skewness

Normal GOF Test

5% K-S Critical Value Detected data appear Gamma Distributed at 5% Significance Level

Detected data appear Gamma Distributed at 5% Significance Level

Gamma Statistics

k hat (MLE) k star (bias corrected MLE)

A-D Test Statistic Anderson-Darling Gamma GOF Test

5% A-D Critical Value Detected data appear Gamma Distributed at 5% Significance Level

K-S Test Statistic Kolmogorov-Smirnov Gamma GOF Test

   95% Student's-t UCL    95% Adjusted-CLT UCL (Chen-1995)

   95% Modified-t UCL (Johnson-1978)

Gamma GOF Test

   95% Approximate Gamma UCL (use when n>=50))    95% Adjusted Gamma UCL (use when n<50)

Lognormal GOF Test

Shapiro Wilk Test Statistic Shapiro Wilk Lognormal GOF Test

Approximate Chi Square Value (0.05)

Adjusted Level of Significance Adjusted Chi Square Value

Assuming Gamma Distribution

Theta hat (MLE) Theta star (bias corrected MLE)

nu hat (MLE) nu star (bias corrected)

MLE Mean (bias corrected) MLE Sd (bias corrected)

Assuming Lognormal Distribution

   95% H-UCL    90% Chebyshev (MVUE) UCL

   95% Chebyshev (MVUE) UCL  97.5% Chebyshev (MVUE) UCL

Data appear Lognormal at 5% Significance Level

Lognormal Statistics

Minimum of Logged Data Mean of logged Data

Maximum of Logged Data SD of logged Data

5% Shapiro Wilk Critical Value Data appear Lognormal at 5% Significance Level

Lilliefors Test Statistic Lilliefors Lognormal GOF Test

5% Lilliefors Critical Value Data appear Lognormal at 5% Significance Level

   95% BCA Bootstrap UCL

   90% Chebyshev(Mean, Sd) UCL    95% Chebyshev(Mean, Sd) UCL

 97.5% Chebyshev(Mean, Sd) UCL    99% Chebyshev(Mean, Sd) UCL

Nonparametric Distribution Free UCLs

   95% CLT UCL    95% Jackknife UCL

   95% Standard Bootstrap UCL    95% Bootstrap-t UCL

   95% Hall's Bootstrap UCL    95% Percentile Bootstrap UCL

   99% Chebyshev (MVUE) UCL

Nonparametric Distribution Free UCL Statistics

Data appear to follow a Discernible Distribution at 5% Significance Level

When applicable, it is suggested to use a UCL based upon a distribution (e.g., gamma) passing both GOF tests in ProUCL

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

Recommendations are based upon data size, data distribution, and skewness.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.

Suggested UCL to Use

95% Student's-t UCL

When a data set follows an approximate (e.g., normal) distribution passing one of the GOF test
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29.000000 19.000000

    0

0.0300000 0.1420690

0.4600000 0.1200000

0.1074835 0.0199592

0.7565588 1.7416457

0.8058043

0.9260000

0.1905880

0.1614000

0.1760222 0.1817963

0.1770980

0.6057672

0.7558733

0.1292570

0.1644809

2.3047655 2.0893300

0.0616414 0.0679974

133.67640 121.18114

0.1420690 0.0982869

96.760447

0.0407000 95.457735

0.1779248 0.1803529

0.9631691

0.9260000

0.1314852

0.1614000

-3.506558 -2.183800

-0.776529 0.6845685

0.1871032 0.1988856

0.2251213 0.2615353

0.3330637

0.1748989 0.1760222

0.1749636 0.1880995

0.1880738 0.1758621

0.1827586

0.2019465 0.2290691

0.2667141 0.3406604

0.1803529

Burbot

General Statistics

Total Number of Observations Number of Distinct Observations

Shapiro Wilk Test Statistic Shapiro Wilk GOF Test

5% Shapiro Wilk Critical Value Data Not Normal at 5% Significance Level

Lilliefors Test Statistic Lilliefors GOF Test

SD Std. Error of Mean

Coefficient of Variation Skewness

Normal GOF Test

Number of Missing Observations

Minimum Mean

Maximum Median

A-D Test Statistic Anderson-Darling Gamma GOF Test

5% A-D Critical Value Detected data appear Gamma Distributed at 5% Significance Level

K-S Test Statistic Kolmogorov-Smirnov Gamma GOF Test

   95% Student's-t UCL    95% Adjusted-CLT UCL (Chen-1995)

   95% Modified-t UCL (Johnson-1978)

Gamma GOF Test

5% Lilliefors Critical Value Data Not Normal at 5% Significance Level

Data Not Normal at 5% Significance Level

Assuming Normal Distribution

   95% Normal UCL    95% UCLs (Adjusted for Skewness)

Approximate Chi Square Value (0.05)

Adjusted Level of Significance Adjusted Chi Square Value

Assuming Gamma Distribution

Theta hat (MLE) Theta star (bias corrected MLE)

nu hat (MLE) nu star (bias corrected)

MLE Mean (bias corrected) MLE Sd (bias corrected)

5% K-S Critical Value Detected data appear Gamma Distributed at 5% Significance Level

Detected data appear Gamma Distributed at 5% Significance Level

Gamma Statistics

k hat (MLE) k star (bias corrected MLE)

Data appear Lognormal at 5% Significance Level

Lognormal Statistics

Minimum of Logged Data Mean of logged Data

Maximum of Logged Data SD of logged Data

5% Shapiro Wilk Critical Value Data appear Lognormal at 5% Significance Level

Lilliefors Test Statistic Lilliefors Lognormal GOF Test

5% Lilliefors Critical Value Data appear Lognormal at 5% Significance Level

   95% Approximate Gamma UCL (use when n>=50)    95% Adjusted Gamma UCL (use when n<50)

Lognormal GOF Test

Shapiro Wilk Test Statistic Shapiro Wilk Lognormal GOF Test

Nonparametric Distribution Free UCLs

   95% CLT UCL    95% Jackknife UCL

   95% Standard Bootstrap UCL    95% Bootstrap-t UCL

   95% Hall's Bootstrap UCL    95% Percentile Bootstrap UCL

   99% Chebyshev (MVUE) UCL

Nonparametric Distribution Free UCL Statistics

Data appear to follow a Discernible Distribution at 5% Significance Level

Assuming Lognormal Distribution

   95% H-UCL    90% Chebyshev (MVUE) UCL

   95% Chebyshev (MVUE) UCL  97.5% Chebyshev (MVUE) UCL

Recommendations are based upon data size, data distribution, and skewness.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.

Suggested UCL to Use

95% Adjusted Gamma UCL

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

   95% BCA Bootstrap UCL

   90% Chebyshev(Mean, Sd) UCL    95% Chebyshev(Mean, Sd) UCL

 97.5% Chebyshev(Mean, Sd) UCL    99% Chebyshev(Mean, Sd) UCL
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10.000000 9.0000000

    0

0.2100000 0.4310000

0.7100000 0.4650000

0.1595445 0.0504524

0.3701728 0.1144226

0.9563102

0.8420000

0.1442353

0.2616000

0.5234849 0.5159374

0.5237892

0.3352999

0.7273285

0.1838444

0.2670434

7.4163240 5.2580935

0.0581150 0.0819689

148.32648 105.16187

0.4310000 0.1879590

82.497216

0.0267000 79.014387

0.5494096 0.5736267

0.9307291

0.8420000

0.1876612

0.2616000

-1.560648 -0.910578

-0.342490 0.4044452

0.5790125 0.6009131

0.6770578 0.7827437

0.9903431

0.5139868 0.5234849

0.5095282 0.5309630

0.5223501 0.5120000

0.5120000

0.5823572 0.6509169

0.7460751 0.9329950

0.5234849

Lake Trout

Coefficient of Variation Skewness

Normal GOF Test

Shapiro Wilk Test Statistic Shapiro Wilk GOF Test

Minimum Mean

Maximum Median

SD Std. Error of Mean

General Statistics

Total Number of Observations Number of Distinct Observations

Number of Missing Observations

   95% Modified-t UCL (Johnson-1978)

Gamma GOF Test

A-D Test Statistic Anderson-Darling Gamma GOF Test

Data appear Normal at 5% Significance Level

Assuming Normal Distribution

   95% Normal UCL    95% UCLs (Adjusted for Skewness)

   95% Student's-t UCL    95% Adjusted-CLT UCL (Chen-1995)

5% Shapiro Wilk Critical Value Data appear Normal at 5% Significance Level

Lilliefors Test Statistic Lilliefors GOF Test

5% Lilliefors Critical Value Data appear Normal at 5% Significance Level

nu hat (MLE) nu star (bias corrected)

MLE Mean (bias corrected) MLE Sd (bias corrected)

Approximate Chi Square Value (0.05)

Detected data appear Gamma Distributed at 5% Significance Level

Gamma Statistics

k hat (MLE) k star (bias corrected MLE)

Theta hat (MLE) Theta star (bias corrected MLE)

5% A-D Critical Value Detected data appear Gamma Distributed at 5% Significance Level

K-S Test Statistic Kolmogorov-Smirnov Gamma GOF Test

5% K-S Critical Value Detected data appear Gamma Distributed at 5% Significance Level

Lilliefors Test Statistic Lilliefors Lognormal GOF Test

5% Lilliefors Critical Value Data appear Lognormal at 5% Significance Level

Data appear Lognormal at 5% Significance Level

Lognormal GOF Test

Shapiro Wilk Test Statistic Shapiro Wilk Lognormal GOF Test

5% Shapiro Wilk Critical Value Data appear Lognormal at 5% Significance Level

Adjusted Level of Significance Adjusted Chi Square Value

Assuming Gamma Distribution

   95% Approximate Gamma UCL (use when n>=50))    95% Adjusted Gamma UCL (use when n<50)

Nonparametric Distribution Free UCL Statistics

Data appear to follow a Discernible Distribution at 5% Significance Level

Nonparametric Distribution Free UCLs

   95% CLT UCL    95% Jackknife UCL

Assuming Lognormal Distribution

   95% H-UCL    90% Chebyshev (MVUE) UCL

   95% Chebyshev (MVUE) UCL  97.5% Chebyshev (MVUE) UCL

   99% Chebyshev (MVUE) UCL

Lognormal Statistics

Minimum of Logged Data Mean of logged Data

Maximum of Logged Data SD of logged Data

95% Student's-t UCL

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

Recommendations are based upon data size, data distribution, and skewness.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

   90% Chebyshev(Mean, Sd) UCL    95% Chebyshev(Mean, Sd) UCL

 97.5% Chebyshev(Mean, Sd) UCL    99% Chebyshev(Mean, Sd) UCL

Suggested UCL to Use

   95% Standard Bootstrap UCL    95% Bootstrap-t UCL

   95% Hall's Bootstrap UCL    95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.
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19.000000 9.0000000

    0

0.0700000 0.1442105

0.4600000 0.1100000

0.1039934 0.0238577

0.7211219 2.0028793

0.7254023

0.9010000

0.2762554

0.1965000

0.1855813 0.1951665

0.1874084

1.2548705

0.7481259

0.2291175

0.1999964

3.0046988 2.5653604

0.0479950 0.0562145

114.17855 97.483695

0.1442105 0.0900374

75.708381

0.0368700 74.031865

0.1856885 0.1898936

0.8635068

0.9010000

0.1900409

0.1965000

-2.659260 -2.112020

-0.776529 0.5640373

0.1868470 0.1974824

0.2232866 0.2591018

0.3294537

0.1834530 0.1855813

0.1825778 0.2176608

0.1977875 0.1836842

0.1952632

0.2157837 0.2482039

0.2932019 0.3815918

0.1868470

Maximum Median

SD Std. Error of Mean

Coefficient of Variation Skewness

Total Number of Observations Number of Distinct Observations

Number of Missing Observations

Minimum Mean

Ouananiche

General Statistics

Assuming Normal Distribution

   95% Normal UCL    95% UCLs (Adjusted for Skewness)

   95% Student's-t UCL    95% Adjusted-CLT UCL (Chen-1995)

   95% Modified-t UCL (Johnson-1978)

Lilliefors Test Statistic Lilliefors GOF Test

5% Lilliefors Critical Value Data Not Normal at 5% Significance Level

Data Not Normal at 5% Significance Level

Normal GOF Test

Shapiro Wilk Test Statistic Shapiro Wilk GOF Test

5% Shapiro Wilk Critical Value Data Not Normal at 5% Significance Level

Gamma Statistics

k hat (MLE) k star (bias corrected MLE)

Theta hat (MLE) Theta star (bias corrected MLE)

nu hat (MLE) nu star (bias corrected)

K-S Test Statistic Kolmogorov-Smirnov Gamma GOF Test

5% K-S Critical Value Data Not Gamma Distributed at 5% Significance Level

Data Not Gamma Distributed at 5% Significance Level

Gamma GOF Test

A-D Test Statistic Anderson-Darling Gamma GOF Test

5% A-D Critical Value Data Not Gamma Distributed at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Lognormal GOF Test

5% Shapiro Wilk Critical Value Data Not Lognormal at 5% Significance Level

Lilliefors Test Statistic Lilliefors Lognormal GOF Test

Assuming Gamma Distribution

   95% Approximate Gamma UCL (use when n>=50))    95% Adjusted Gamma UCL (use when n<50)

Lognormal GOF Test

MLE Mean (bias corrected) MLE Sd (bias corrected)

Approximate Chi Square Value (0.05)

Adjusted Level of Significance Adjusted Chi Square Value

   95% Chebyshev (MVUE) UCL  97.5% Chebyshev (MVUE) UCL

   99% Chebyshev (MVUE) UCL

Nonparametric Distribution Free UCL Statistics

Maximum of Logged Data SD of logged Data

Assuming Lognormal Distribution

   95% H-UCL    90% Chebyshev (MVUE) UCL

5% Lilliefors Critical Value Data appear Lognormal at 5% Significance Level

Data appear Approximate Lognormal at 5% Significance Level

Lognormal Statistics

Minimum of Logged Data Mean of logged Data

 97.5% Chebyshev(Mean, Sd) UCL    99% Chebyshev(Mean, Sd) UCL

Suggested UCL to Use

95% H-UCL

   95% Hall's Bootstrap UCL    95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

   90% Chebyshev(Mean, Sd) UCL    95% Chebyshev(Mean, Sd) UCL

Data appear to follow a Discernible Distribution at 5% Significance Level

Nonparametric Distribution Free UCLs

   95% CLT UCL    95% Jackknife UCL

   95% Standard Bootstrap UCL    95% Bootstrap-t UCL

ProUCL computes and outputs H-statistic based UCLs for historical reasons only.

H-statistic often results in unstable (both high and low) values of UCL95 as shown in examples in the Technical Guide.

It is therefore recommended to avoid the use of H-statistic based 95% UCLs.

Use of nonparametric methods are preferred to compute UCL95 for skewed data sets which do not follow a gamma distribution.

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

Recommendations are based upon data size, data distribution, and skewness.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.
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44.000000 26.000000

    0

0.0280000 0.1161818

0.4600000 0.0965000

0.0776013 0.0116988

0.6679301 2.6291145

0.7509182

0.9440000

0.2076517

0.1322000

0.1358484 0.1403793

0.1366212

0.9711042

0.7545280

0.1314508

0.1341207

3.3348672 3.1226414

0.0348385 0.0372063

293.46831 274.79244

0.1161818 0.0657472

237.40181

0.0445455 236.22702

0.1344804 0.1351492

0.9656144

0.9440000

0.1270108

0.1322000

-3.575551 -2.309958

-0.776529 0.5518399

0.1361095 0.1455676

0.1593522 0.1784846

0.2160667

0.1354247 0.1358484

0.1351533 0.1462572

0.1544306 0.1373409

0.1422500

0.1512783 0.1671759

0.1892411 0.2325838

0.1351492

Salmon + Ouananiche Combined

General Statistics

Total Number of Observations Number of Distinct Observations

Number of Missing Observations

5% Shapiro Wilk Critical Value Data Not Normal at 5% Significance Level

Lilliefors Test Statistic Lilliefors GOF Test

5% Lilliefors Critical Value Data Not Normal at 5% Significance Level

Coefficient of Variation Skewness

Normal GOF Test

Shapiro Wilk Test Statistic Shapiro Wilk GOF Test

Minimum Mean

Maximum Median

SD Std. Error of Mean

5% A-D Critical Value Data Not Gamma Distributed at 5% Significance Level

K-S Test Statistic Kolmogorov-Smirnov Gamma GOF Test

5% K-S Critical Value Detected data appear Gamma Distributed at 5% Significance Level

   95% Modified-t UCL (Johnson-1978)

Gamma GOF Test

A-D Test Statistic Anderson-Darling Gamma GOF Test

Data Not Normal at 5% Significance Level

Assuming Normal Distribution

   95% Normal UCL    95% UCLs (Adjusted for Skewness)

   95% Student's-t UCL    95% Adjusted-CLT UCL (Chen-1995)

Adjusted Level of Significance Adjusted Chi Square Value

Assuming Gamma Distribution

   95% Approximate Gamma UCL (use when n>=50)    95% Adjusted Gamma UCL (use when n<50)

nu hat (MLE) nu star (bias corrected)

MLE Mean (bias corrected) MLE Sd (bias corrected)

Approximate Chi Square Value (0.05)

Detected data follow Appr. Gamma Distribution at 5% Significance Level

Gamma Statistics

k hat (MLE) k star (bias corrected MLE)

Theta hat (MLE) Theta star (bias corrected MLE)

Lognormal Statistics

Minimum of Logged Data Mean of logged Data

Maximum of Logged Data SD of logged Data

Lilliefors Test Statistic Lilliefors Lognormal GOF Test

5% Lilliefors Critical Value Data appear Lognormal at 5% Significance Level

Data appear Lognormal at 5% Significance Level

Lognormal GOF Test

Shapiro Wilk Test Statistic Shapiro Wilk Lognormal GOF Test

5% Shapiro Wilk Critical Value Data appear Lognormal at 5% Significance Level

   95% Standard Bootstrap UCL    95% Bootstrap-t UCL

   95% Hall's Bootstrap UCL    95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

Nonparametric Distribution Free UCL Statistics

Data appear to follow a Discernible Distribution at 5% Significance Level

Nonparametric Distribution Free UCLs

   95% CLT UCL    95% Jackknife UCL

Assuming Lognormal Distribution

   95% H-UCL    90% Chebyshev (MVUE) UCL

   95% Chebyshev (MVUE) UCL  97.5% Chebyshev (MVUE) UCL

   99% Chebyshev (MVUE) UCL

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

Recommendations are based upon data size, data distribution, and skewness.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.

95% Adjusted Gamma UCL

When a data set follows an approximate (e.g., normal) distribution passing one of the GOF test

When applicable, it is suggested to use a UCL based upon a distribution (e.g., gamma) passing both GOF tests in ProUCL

   90% Chebyshev(Mean, Sd) UCL    95% Chebyshev(Mean, Sd) UCL

 97.5% Chebyshev(Mean, Sd) UCL    99% Chebyshev(Mean, Sd) UCL

Suggested UCL to Use
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232.00000 48.000000

    0

0.0200000 0.1008233

0.4500000 0.0805000

0.0679744 0.0044627

0.6741935 1.7017068

0.8607192

    0

0.1427627

0.0585885

0.1081934 0.1086966

0.1082765

1.0560170

0.7626453

0.0606007

0.0605040

2.5815242 2.5510160

0.0390557 0.0395228

1197.8272 1183.6714

0.1008233 0.0631254

1104.7935

0.0489655 1104.3237

0.1080217 0.1080676

0.9672938

0.0027401

0.0699295

0.0585885

-3.912023 -2.500399

-0.798508 0.6560056

0.1104301 0.1160574

0.1225894 0.1316557

0.1494647

0.1081638 0.1081934

0.1082250 0.1088087

0.1086158 0.1082500

0.1091422

0.1142115 0.1202759

0.1286931 0.1452270

0.1202759

Coefficient of Variation Skewness

Normal GOF Test

Shapiro Wilk Test Statistic Shapiro Wilk GOF Test

Minimum Mean

Maximum Median

SD Std. Error of Mean

Whitefish Combined

General Statistics

Total Number of Observations Number of Distinct Observations

Number of Missing Observations

   95% Modified-t UCL (Johnson-1978)

Gamma GOF Test

A-D Test Statistic Anderson-Darling Gamma GOF Test

Data Not Normal at 5% Significance Level

Assuming Normal Distribution

   95% Normal UCL    95% UCLs (Adjusted for Skewness)

   95% Student's-t UCL    95% Adjusted-CLT UCL (Chen-1995)

5% Shapiro Wilk P Value Data Not Normal at 5% Significance Level

Lilliefors Test Statistic Lilliefors GOF Test

5% Lilliefors Critical Value Data Not Normal at 5% Significance Level

nu hat (MLE) nu star (bias corrected)

MLE Mean (bias corrected) MLE Sd (bias corrected)

Approximate Chi Square Value (0.05)

Data Not Gamma Distributed at 5% Significance Level

Gamma Statistics

k hat (MLE) k star (bias corrected MLE)

Theta hat (MLE) Theta star (bias corrected MLE)

5% A-D Critical Value Data Not Gamma Distributed at 5% Significance Level

K-S Test Statistic Kolmogorov-Smirnov Gamma GOF Test

5% K-S Critical Value Data Not Gamma Distributed at 5% Significance Level

Lilliefors Test Statistic Lilliefors Lognormal GOF Test

5% Lilliefors Critical Value Data Not Lognormal at 5% Significance Level

Data Not Lognormal at 5% Significance Level

Lognormal GOF Test

Shapiro Wilk Test Statistic Shapiro Wilk Lognormal GOF Test

5% Shapiro Wilk P Value Data Not Lognormal at 5% Significance Level

Adjusted Level of Significance Adjusted Chi Square Value

Assuming Gamma Distribution

   95% Approximate Gamma UCL (use when n>=50))    95% Adjusted Gamma UCL (use when n<50)

Nonparametric Distribution Free UCL Statistics

Data do not follow a Discernible Distribution (0.05)

Nonparametric Distribution Free UCLs

   95% CLT UCL    95% Jackknife UCL

Assuming Lognormal Distribution

   95% H-UCL    90% Chebyshev (MVUE) UCL

   95% Chebyshev (MVUE) UCL  97.5% Chebyshev (MVUE) UCL

   99% Chebyshev (MVUE) UCL

Lognormal Statistics

Minimum of Logged Data Mean of logged Data

Maximum of Logged Data SD of logged Data

However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.

95% Chebyshev (Mean, Sd) UCL

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

Recommendations are based upon data size, data distribution, and skewness.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

   90% Chebyshev(Mean, Sd) UCL    95% Chebyshev(Mean, Sd) UCL

 97.5% Chebyshev(Mean, Sd) UCL    99% Chebyshev(Mean, Sd) UCL

Suggested UCL to Use

   95% Standard Bootstrap UCL    95% Bootstrap-t UCL

   95% Hall's Bootstrap UCL    95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL
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Number of Sample(s) - N 340 10 29 44 25 19 142 1 44 500 93 91 399 10 232 24 173 35
# of Samples with THg Concentrations

Exceeding Health Canada (CFIA) Action Level
for Mercury in Fish and Fish Products of

0.5 mg/kg ww

0 3 0 0 0 0 0 0 0 2 11 0 4 0 0 0 0 0

Exceedance Frequency - % of samples
>0.5 mg/kg ww

0% 30% 0% 0% 0% 0% 0% 0% 0% 0% 12% 0% 1% 0% 0% 0% 0% 0%

# of Samples with THg Concentrations
Exceeding Health Canada Advisory Level for

Subsistence Consumers of 0.2 mg/kg ww
4 10 5 3 0 3 10 0 0 31 14 6 27 0 18 0 18 0

Exceedance Frequency - % of samples
>0.2 mg/kg ww

1% 100% 17% 7% 0% 16% 7% 0% 0% 6% 15% 7% 7% 0% 8% 0% 10% 0%

# of Samples with THg Concentrations
Exceeding U.S. EPA Fish Tissue Criterion for

Consumers of Non-Commercial
Freshwater/Estuarine Fish of 0.3 mg/kg ww

3 7 2 1 0 1 1 0 0 13 12 1 15 0 5 0 5 0

Exceedance Frequency - % of samples
>0.3 mg/kg ww

1% 70% 7% 2% 0% 5% 1% 0% 0% 3% 13% 1% 4% 0% 2% 0% 3% 0%

Notes:
a. Denotes fish species that are consumed by LCHGP study area residents (as reported by DS participants) and that were assessed in the HHRA.
CFIA = Canadian Food Inspection Agency.
U.S. EPA = United States Environmental Protection Agency.
ww = wet weight.
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Summary Statistics: Study Area Ringed Seal Chemistry Data

NumObs # Missing Minimum Maximum Mean Geo-Mean SD SEM MAD/0.675 Skewness CV

159.00000    0 0.0100000 6.3000000 0.1569811 0.0748797 0.5292325 0.0419709 0.0148258 10.261153 3.3713128 SD standard deviation

145.00000 14.000000 0.0400000 110.00000 4.1297241 0.4759138 13.807920 1.1466853 0.1779096 5.2229925 3.3435453 SEM standard error of mean

20.000000 30.000000 0.0260000 1.3400000 0.2100500 0.0945509 0.3418243 0.0764342 0.0429948 2.6164806 1.6273472 MAD/0.675 median absolute deviation

30.000000    0 0.0260000 2.1300000 0.2072667 0.1095573 0.3874312 0.0707349 0.0637509 4.5191468 1.8692404 CV coefficient of variation

%ile percentile

NumObs # Missing 10%ile 20%ile 25%ile(Q1) 50%ile(Q2) 75%ile(Q3) 80%ile 90%ile 95%ile 99%ile

159.00000    0 0.0480000 0.0500000 0.0500000 0.0500000 0.1000000 0.1380000 0.2340000 0.3530000 1.4010000

145.00000 14.000000 0.1340000 0.1700000 0.1800000 0.2700000 0.5500000 0.9100000 10.348000 22.920000 71.128000

20.000000 30.000000 0.0346000 0.0378000 0.0387500 0.0660000 0.2375000 0.2642000 0.4418000 0.9638000 1.2647600

30.000000    0 0.0396000 0.0520000 0.0547500 0.0950000 0.1590000 0.1870000 0.4265000 0.4873000 1.6648400

Legend

General Statistics on Uncensored Full Data

Date/Time of Computation   ProUCL 5.110/6/2016 1:26:53 PM

User Selected Options

Hg Liver

From File   WorkSheet.xls

Full Precision   ON

From File: WorkSheet.xls

General Statistics for Uncensored Data Sets

Variable

Hg Muscle

Hg Muscle

Hg Liver

MeHg Muscle

MeHg Liver

MeHg Muscle

MeHg Liver

Percentiles for Uncensored Data Sets

Variable
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Study Area Ringed Seal Chemistry Data Summary

Sample Year Sample ID Age Weight (kg) Length (cm) Blubber (cm)
Total Mercury (muscle)

(mg/kg ww)
Total Mercury (liver)

(mg/kg ww)
MeHg muscle
(mg/kg ww)

MeHg Liver
(mg/kg ww)

2011 RS01 8 68.18 121.92 0.19
2011 RS02 1 27.27 83.82 0.09
2011 RS03 0 18.18 76.20 0.1
2011 RS04 0 22.73 76.20 0.09
2011 RS05 2 50.00 121.92 0.39
2011 RS06 0 27.27 86.36 0.05
2011 RS07 0 45.45 101.60 0.35
2011 RS08 0 27.27 96.52 0.13
2011 RS09 1 27.27 91.44 0.23
2011 RS10 0 31.82 91.44 0.06
2011 RS11 0 36.36 101.60 0.11
2011 RS12 0 40.91 111.76 0.19
2011 RS13 1 59.09 121.92 0.32
2011 RS14 0 27.27 91.44 0.16
2012 RS01 1 63.50 91.44 0.16 0.98
2012 RS02 0 27.22 60.96 0.014 0.18
2012 RS03 0 27.22 60.96 0.073 0.40
2012 RS04 0 27.22 60.96 0.073 0.75
2012 RS05 0 27.22 60.96 0.021 0.16
2012 RS06 6 90.72 114.30 0.18 13.00
2012 RS07 0 27.22 60.96 0.036 0.17
2012 RS08 0 27.22 60.96 0.012 0.21
2012 RS09 0 27.22 60.96 0.051 0.18
2012 RS10 0 27.22 60.96 0.07 0.28
2012 RS11 0 27.22 60.96 0.023 0.58
2012 RS12 0 27.22 60.96 0.018 0.11
2012 RS13 6 81.65 101.60 0.21 14.00
2012 RS14 0 27.22 60.96 0.081 0.35
2012 RS15 0 27.22 60.96 0.01 0.22
2012 RS16 7 90.72 114.30 0.21 38.00
2012 RS17 0 54.43 91.44 0.028 0.18
2012 RS18 0 27.22 60.96 0.022 0.17
2012 RS19 0 0.031 0.34
2012 RS20 0 27.22 60.96 0.035 0.17
2012 RS21 0 27.22 60.96 0.073 0.43
2012 RS22 0 27.22 60.96 0.046 0.37
2012 RS23 0 27.22 60.96 0.026 0.04
2012 RS24 0 27.22 60.96 0.021 0.20
2012 RS25 0 27.22 60.96 0.031 0.29
2012 RS26 0 27.22 60.96 0.028 0.12
2012 RS27 6 68.04 91.44 0.38 62.00
2012 RS28 10 113.40 121.92 6.3 110.00
2012 RS29 0 27.22 60.96 0.037 0.18
2012 RS30 0 27.22 63.50 0.16 1.70
2013 RS01 0 27.22 76.20 5.08 0.05 0.25
2013 RS02 0 22.68 66.04 5.08 0.08 0.90
2013 RS03 0 22.68 66.04 5.08 0.05 0.05
2013 RS04 0 27.22 76.20 5.08 0.05 0.42
2013 RS05 0 27.22 76.20 5.08 0.05 0.27
2013 RS06 0 27.22 76.20 5.08 0.05 0.50
2013 RS07 0 22.68 66.04 5.08 0.05 0.15
2013 RS08 0 27.22 76.20 5.08 0.05 0.35
2013 RS09 0 27.22 76.20 5.08 0.05 0.44
2013 RS10 0 27.22 76.20 5.08 0.05 0.49
2013 RS11 0 22.68 66.04 5.08 0.05 0.11
2013 RS12 0 27.22 76.20 5.08 0.05 0.11
2013 RS13 0 27.22 76.20 5.08 0.05 0.24
2013 RS14 0 31.75 86.36 5.08 0.05 0.46
2013 RS15 0 27.22 76.20 5.08 0.05 0.42
2013 RS16 9 90.72 111.76 2.54 0.18 2.50
2013 RS17 0 22.68 66.04 5.08 0.05 0.17
2013 RS18 6 113.40 121.92 7.62 0.11 24.10
2013 RS19 9 68.04 91.44 6.35 0.2 26.40
2013 RS20 0 27.22 76.20 5.08 0.13 0.82
2013 RS21 0 27.22 76.20 5.08 0.05 0.29
2013 RS22 0 27.22 76.20 5.08 0.05 0.26
2013 RS23 0 27.22 76.20 5.08 0.05 0.16
2013 RS24 0 27.22 76.20 5.08 0.05 0.36
2013 RS25 0 27.22 76.20 5.08 0.07 0.53
2013 RS26 0 22.68 66.04 5.08 0.05 0.18
2013 RS27 0 27.22 76.20 5.08 0.05 0.20
2013 RS28 0 27.22 76.20 5.08 0.05 0.20
2013 RS29 0 27.22 76.20 5.08 0.05 0.21
2013 RS30 0 18.14 66.04 2.54 0.05 0.05
2014 RS01 0 27.27 76.00 5.00 0.05 0.14
2014 RS02 0 27.27 74.00 5.00 0.08 0.57
2014 RS03 0 22.73 67.00 3.00 0.05 0.25
2014 RS04 0 22.73 72.00 5.00 0.06 0.38
2014 RS05 0 27.27 74.00 5.00 0.05 0.33
2014 RS06 0 36.36 86.00 6.00 0.05 0.14
2014 RS07 0 27.27 78.00 5.00 0.05 0.17
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Study Area Ringed Seal Chemistry Data Summary

Sample Year Sample ID Age Weight (kg) Length (cm) Blubber (cm)
Total Mercury (muscle)

(mg/kg ww)
Total Mercury (liver)

(mg/kg ww)
MeHg muscle
(mg/kg ww)

MeHg Liver
(mg/kg ww)

2014 RS08 0 27.27 77.00 5.00 0.05 0.19
2014 RS09 0 31.82 83.00 6.00 0.22 1.51
2014 RS10 0 27.27 76.00 6.00 0.05 0.38
2014 RS11 0 22.73 64.00 3.00 0.05 0.64
2014 RS12 0 27.27 78.00 5.00 0.05 0.37
2014 RS13 0 27.27 76.00 5.00 0.3 1.52
2014 RS14 0 31.82 88.00 6.00 0.05 0.09
2014 RS15 0 31.82 86.00 6.00 0.05 0.10
2014 RS16 5 90.91 134.00 6.00 0.19 8.09
2014 RS17 0 31.82 76.00 6.00 0.05 0.35
2014 RS18 4 68.18 114.00 4.00 0.25 7.76
2014 RS19 0 27.27 70.00 6.00 0.11 0.70
2014 RS20 0 31.82 84.00 6.00 0.06 0.49
2014 RS21 0 22.73 66.00 2.50 0.05 0.36
2014 RS22 0 31.82 80.00 6.00 0.05 0.21
2014 RS23 14 90.91 126.00 6.00 1.43 18.20
2014 RS24 0 27.27 80.00 6.00 0.25 1.81
2014 RS25 22 113.64 138.00 4.00 1.38 17.60
2014 RS26 0 27.27 78.00 6.00 0.08 1.07
2014 RS27 0 22.73 68.00 5.00 0.05 0.31
2014 RS28 0 27.27 78.00 6.00 0.08 0.95
2015 RS01 pending 113.64 128.00 4.00 0.27 11.20
2015 RS02 pending 22.73 78.00 6.00 0.05 0.19
2015 RS03 pending 22.73 80.00 6.00 0.05 0.18
2015 RS04 pending 27.27 82.00 6.00 0.1 0.26
2015 RS05 pending 18.18 68.00 6.00 0.08 0.26
2015 RS06 pending 18.18 72.00 4.00 0.05 0.14
2015 RS07 pending 136.36 140.00 6.00 0.87 12.30 0.94
2015 RS08 pending 22.73 76.00 6.00 0.15 0.33
2015 RS09 pending 27.27 80.00 6.00 0.05 0.19
2015 RS10 pending 54.55 98.00 6.00 0.42 9.07 0.39
2015 RS11 pending 27.27 84.00 6.00 0.05 0.13
2015 RS12 pending 22.73 78.00 4.00 0.05 0.36
2015 RS13 pending 45.45 104.00 6.00 0.08 0.32 0.06
2015 RS14 pending 27.27 78.00 6.00 0.06 0.27
2015 RS15 pending 22.73 74.00 6.00 0.05 0.41
2015 RS16 pending 27.27 78.00 6.00 0.05 0.28
2015 RS17 pending 15.91 60.00 3.00 0.1 0.20
2015 RS18 pending 22.73 66.00 5.00 0.05 0.18
2015 RS19 pending 27.27 78.00 6.00 0.12 0.44
2015 RS20 pending 27.27 76.00 6.00 0.07 0.21 0.07
2015 RS21 pending 27.27 80.00 6.00 0.06 0.26 0.06
2015 RS22 pending 15.91 60.00 3.00 0.05 0.15
2015 RS23 pending 31.82 80.00 7.00 0.05 0.27 0.04
2015 RS24 pending 27.27 76.00 6.00 0.05 0.29 0.04
2015 RS25 pending 22.73 72.00 6.00 0.05 0.19 0.04
2015 RS26 pending 27.27 80.00 6.00 0.05 0.27 0.03
2015 RS27 pending 27.27 76.00 6.00 0.05 0.05 0.04
2016 RS-01 pending <0.05 0.09 0.027
2016 RS-02 pending 0.05 0.20 0.07 0.096
2016 RS-03 pending 0.05 0.23 0.103
2016 RS-04 pending <0.05 0.13 0.03 0.040
2016 RS-05 pending 0.06 0.26 0.086
2016 RS-06 pending <0.05 0.15 0.04 0.068
2016 RS-07 pending <0.05 0.21 0.069
2016 RS-08 pending <0.05 0.11 0.036
2016 RS-09 pending <0.05 0.15 0.048
2016 RS-10 pending <0.05 0.15 0.067
2016 RS-11 pending 0.05 0.25 0.080
2016 RS-12 pending 0.06 0.26 0.102
2016 RS-13 pending <0.05 0.09 0.026
2016 RS-14 pending <0.05 0.22 0.052
2016 RS-15 pending 0.07 0.23 0.104
2016 RS-16 pending <0.05 0.26 0.060
2016 RS-17 pending 0.06 0.18 0.052
2016 RS-18 pending 0.17 15.70 0.23 0.414
2016 RS-19 pending 0.07 0.44 0.07 0.138
2016 RS-20 pending 1.25 78.30 1.34 2.130
2016 RS-21 pending 0.05 0.31 0.159
2016 RS-22 pending <0.05 0.14 0.04 0.053
2016 RS-23 pending 0.29 47.10 0.526
2016 RS-24 pending 0.06 0.29 0.124
2016 RS-25 pending 0.07 0.55 0.166
2016 RS-26 pending 0.11 1.03 0.10 0.159
2016 RS-27 pending <0.05 0.26 0.094
2016 RS-28 pending 0.31 33.10 0.33 0.440
2016 RS-29 pending 0.22 6.76 0.25 0.425
2016 RS-30 pending 0.1 1.23 0.271

128 128 85 159 145 20 30.0
136.36 140.00 7.62 6.30 110.00 1.34 2.1
15.91 60.00 2.50 0.01 0.04 0.03 0.026

45 97 100 100
0.34 9.13

95% Chebyshev (Mean, Sd) UCL 95% Chebyshev (Mean, Sd) UCL

Detection Frequency (%)

UCLM-95 based EPC

Number of Sample(s) (N)
Maximum
Minimum
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159.00000 37.000000

    0

0.0100000 0.1569811

6.3000000 0.0500000

0.5292325 0.0419709

3.3713128 10.261153

0.2291209

    0

0.3906117

0.0706653

0.2264242 0.2625114

0.2321166

20.755682

0.7932122

0.2771870

0.0770137

0.8015494 0.7906187

0.1958471 0.1985548

254.89270 251.41674

0.1569811 0.1765485

215.70415

0.0484906 215.40446

0.1829714 0.1832259

0.8332042

    0

0.2328547

0.0706653

-4.605170 -2.591872

1.8405496 0.9004547

0.1307546 0.1400324

0.1527689 0.1704466

0.2051710

0.2260171 0.2264242

0.2257645 0.3654289

0.4539938 0.2335220

0.2777987

0.2828937 0.3399279

0.4190891 0.5745860

0.3399279

From File   WorkSheet.xls

Full Precision   ON

Confidence Coefficient   95%

UCL Statistics for Uncensored Full Data Sets

User Selected Options

Date/Time of Computation   ProUCL 5.110/6/2016 1:24:42 PM

General Statistics

Total Number of Observations Number of Distinct Observations

Number of Missing Observations

Minimum Mean

Number of Bootstrap Operations   2000

THg Muscle

Normal GOF Test

Shapiro Wilk Test Statistic Shapiro Wilk GOF Test

5% Shapiro Wilk P Value Data Not Normal at 5% Significance Level

Maximum Median

SD Std. Error of Mean

Coefficient of Variation Skewness

Assuming Normal Distribution

   95% Normal UCL    95% UCLs (Adjusted for Skewness)

   95% Student's-t UCL    95% Adjusted-CLT UCL (Chen-1995)

   95% Modified-t UCL (Johnson-1978)

Lilliefors Test Statistic Lilliefors GOF Test

5% Lilliefors Critical Value Data Not Normal at 5% Significance Level

Data Not Normal at 5% Significance Level

K-S Test Statistic Kolmogorov-Smirnov Gamma GOF Test

5% K-S Critical Value Data Not Gamma Distributed at 5% Significance Level

Data Not Gamma Distributed at 5% Significance Level

Gamma GOF Test

A-D Test Statistic Anderson-Darling Gamma GOF Test

5% A-D Critical Value Data Not Gamma Distributed at 5% Significance Level

MLE Mean (bias corrected) MLE Sd (bias corrected)

Approximate Chi Square Value (0.05)

Adjusted Level of Significance Adjusted Chi Square Value

Gamma Statistics

k hat (MLE) k star (bias corrected MLE)

Theta hat (MLE) Theta star (bias corrected MLE)

nu hat (MLE) nu star (bias corrected)

Shapiro Wilk Test Statistic Shapiro Wilk Lognormal GOF Test

5% Shapiro Wilk P Value Data Not Lognormal at 5% Significance Level

Lilliefors Test Statistic Lilliefors Lognormal GOF Test

Assuming Gamma Distribution

   95% Approximate Gamma UCL (use when n>=50))    95% Adjusted Gamma UCL (use when n<50)

Lognormal GOF Test

Maximum of Logged Data SD of logged Data

Assuming Lognormal Distribution

   95% H-UCL    90% Chebyshev (MVUE) UCL

5% Lilliefors Critical Value Data Not Lognormal at 5% Significance Level

Data Not Lognormal at 5% Significance Level

Lognormal Statistics

Minimum of Logged Data Mean of logged Data

Data do not follow a Discernible Distribution (0.05)

Nonparametric Distribution Free UCLs

   95% CLT UCL    95% Jackknife UCL

   95% Standard Bootstrap UCL    95% Bootstrap-t UCL

   95% Chebyshev (MVUE) UCL  97.5% Chebyshev (MVUE) UCL

   99% Chebyshev (MVUE) UCL

Nonparametric Distribution Free UCL Statistics

 97.5% Chebyshev(Mean, Sd) UCL    99% Chebyshev(Mean, Sd) UCL

Suggested UCL to Use

95% Chebyshev (Mean, Sd) UCL

   95% Hall's Bootstrap UCL    95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

   90% Chebyshev(Mean, Sd) UCL    95% Chebyshev(Mean, Sd) UCL

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

Recommendations are based upon data size, data distribution, and skewness.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.
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145.00000 77.000000

14.000000

0.0400000 4.1297241

110.00000 0.2700000

13.807920 1.1466853

3.3435453 5.2229925

0.3445561

    0

0.4287771

0.0739637

6.0280664 6.5473008

6.1109614

25.213217

0.8643234

0.3527748

0.0843245

0.3163783 0.3144303

13.053120 13.133991

91.749710 91.184773

4.1297241 7.3647648

70.165677

0.0483448 69.981644

5.3668399 5.3809533

0.7868676

    0

0.2293270

0.0739637

-3.218876 -0.742518

4.7004804 1.6483902

2.7475116 2.9063011

3.4019002 4.0897725

5.4409644

6.0158536 6.0280664

6.0163135 7.0487656

6.8701029 6.1463448

6.8128276

7.5697801 9.1280095

11.290772 15.539099

9.1280095

THg Liver

General Statistics

Total Number of Observations Number of Distinct Observations

SD Std. Error of Mean

Coefficient of Variation Skewness

Normal GOF Test

Number of Missing Observations

Minimum Mean

Maximum Median

5% Lilliefors Critical Value Data Not Normal at 5% Significance Level

Data Not Normal at 5% Significance Level

Assuming Normal Distribution

   95% Normal UCL    95% UCLs (Adjusted for Skewness)

Shapiro Wilk Test Statistic Shapiro Wilk GOF Test

5% Shapiro Wilk P Value Data Not Normal at 5% Significance Level

Lilliefors Test Statistic Lilliefors GOF Test

A-D Test Statistic Anderson-Darling Gamma GOF Test

5% A-D Critical Value Data Not Gamma Distributed at 5% Significance Level

K-S Test Statistic Kolmogorov-Smirnov Gamma GOF Test

   95% Student's-t UCL    95% Adjusted-CLT UCL (Chen-1995)

   95% Modified-t UCL (Johnson-1978)

Gamma GOF Test

Theta hat (MLE) Theta star (bias corrected MLE)

nu hat (MLE) nu star (bias corrected)

MLE Mean (bias corrected) MLE Sd (bias corrected)

5% K-S Critical Value Data Not Gamma Distributed at 5% Significance Level

Data Not Gamma Distributed at 5% Significance Level

Gamma Statistics

k hat (MLE) k star (bias corrected MLE)

   95% Approximate Gamma UCL (use when n>=50))    95% Adjusted Gamma UCL (use when n<50)

Lognormal GOF Test

Shapiro Wilk Test Statistic Shapiro Wilk Lognormal GOF Test

Approximate Chi Square Value (0.05)

Adjusted Level of Significance Adjusted Chi Square Value

Assuming Gamma Distribution

Data Not Lognormal at 5% Significance Level

Lognormal Statistics

Minimum of Logged Data Mean of logged Data

Maximum of Logged Data SD of logged Data

5% Shapiro Wilk P Value Data Not Lognormal at 5% Significance Level

Lilliefors Test Statistic Lilliefors Lognormal GOF Test

5% Lilliefors Critical Value Data Not Lognormal at 5% Significance Level

   99% Chebyshev (MVUE) UCL

Nonparametric Distribution Free UCL Statistics

Data do not follow a Discernible Distribution (0.05)

Assuming Lognormal Distribution

   95% H-UCL    90% Chebyshev (MVUE) UCL

   95% Chebyshev (MVUE) UCL  97.5% Chebyshev (MVUE) UCL

   95% BCA Bootstrap UCL

   90% Chebyshev(Mean, Sd) UCL    95% Chebyshev(Mean, Sd) UCL

 97.5% Chebyshev(Mean, Sd) UCL    99% Chebyshev(Mean, Sd) UCL

Nonparametric Distribution Free UCLs

   95% CLT UCL    95% Jackknife UCL

   95% Standard Bootstrap UCL    95% Bootstrap-t UCL

   95% Hall's Bootstrap UCL    95% Percentile Bootstrap UCL

Recommendations are based upon data size, data distribution, and skewness.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.

Suggested UCL to Use

95% Chebyshev (Mean, Sd) UCL

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
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Summary Statistics: Study Area Wild Bird Egg Chemistry Data Unpublished Environment Canada Data (2013-2015)

NumObs # Missing Minimum Maximum Mean Geo-Mean SD SEM MAD/0.675 Skewness CV

83.000000    0 0.0630000 1.5610000 0.2007470 0.1675498 0.1958296 0.0214951 0.0563380 5.3856062 0.9755043 SD standard deviation

SEM standard error of mean

MAD/0.675 median absolute deviation

CV coefficient of variation

NumObs # Missing 10%ile 20%ile 25%ile(Q1) 50%ile(Q2) 75%ile(Q3) 80%ile 90%ile 95%ile 99%ile %ile percentile

83.000000    0 0.0972000 0.1210000 0.1255000 0.1540000 0.2165000 0.2416000 0.3000000 0.3567000 1.1829800

From File: WorkSheet.xls

General Statistics on Uncensored Full Data

Date/Time of Computation   ProUCL 5.17/26/2016 3:53:48 PM

User Selected Options

From File   WorkSheet.xls

Full Precision   ON

General Statistics for Uncensored Dataset

Variable

Wild Bird Egg ([Hg] ug/g wet wt.

Percentiles for Uncensored Dataset

Variable

Wild Bird Egg ([Hg] ug/g wet wt.

Legend
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Study Area Wild Bird Egg Chemistry Data Summary: Unpublished Environment Canada Data (2013-2015)
Moisture [THg ] [THg]

[%] µg/g dw µg/g ww
K13-35514-00-07 LMRG-1 Gull, Ring-billed New Cook Island NL 2-Jul-13 NWR07 53.71602 -59.98957 74.0 0.930 0.242
K13-35515-00-07 LMRG-2 Gull, Ring-billed New Cook Island NL 2-Jul-13 NWR07 53.71602 -59.98957 77.1 0.557 0.128
K13-35516-00-07 LMRG-3 Gull, Ring-billed New Cook Island NL 2-Jul-13 NWR07 53.71602 -59.98957 75.2 1.01 0.250
K13-35517-00-07 LMRG-4 Gull, Ring-billed New Cook Island NL 2-Jul-13 NWR07 53.71602 -59.98957 77.7 1.11 0.248
K13-35518-00-07 LMRG-5 Gull, Ring-billed New Cook Island NL 2-Jul-13 NWR07 53.71602 -59.98957 75.8 0.400 0.097
K13-35519-00-07 LMRG-6 Gull, Ring-billed New Cook Island NL 2-Jul-13 NWR07 53.71602 -59.98957 76.4 0.757 0.179
K13-35520-00-07 LMRG-7 Gull, Ring-billed New Cook Island NL 2-Jul-13 NWR07 53.71602 -59.98957 74.9 0.959 0.241
K13-35521-00-07 LMRG-8 Gull, Ring-billed New Cook Island NL 2-Jul-13 NWR07 53.71602 -59.98957 74.4 0.601 0.154
K13-35522-00-07 LMRG-9 Gull, Ring-billed New Cook Island NL 2-Jul-13 NWR07 53.71602 -59.98957 77.2 0.716 0.164
K13-35523-00-07 LMRG-10 Gull, Ring-billed New Cook Island NL 2-Jul-13 NWR07 53.71602 -59.98957 74.3 0.721 0.185
K13-35524-00-08 LMRG-11 Gull, Ring-billed Edward Island NL 3-Jul-13 NWR12 53.66092 -60.00393 76.8 4.73 1.100
K13-35525-00-07 LMRG-12 Gull, Ring-billed Unnamed Island NL 3-Jul-13 NWR13 53.65829 -60.01013 78.2 0.696 0.152
K13-35526-00-07 LMRG-13 Gull, Ring-billed Unnamed Island NL 3-Jul-13 NWR13 53.65829 -60.01013 76.8 0.611 0.142
K13-35527-00-07 LMRG-14 Gull, Ring-billed Unnamed Island NL 3-Jul-13 NWR13 53.65829 -60.01013 78.0 7.11 1.561
K13-35528-00-07 LMRG-15 Gull, Ring-billed Unnamed Island NL 3-Jul-13 NWR13 53.65829 -60.01013 73.8 0.480 0.126
K13-35529-00-07 LMRG-16 Gull, Ring-billed Unnamed Island NL 3-Jul-13 NWR13 53.65829 -60.01013 76.4 0.658 0.155
K13-35530-00-07 LMRG-17 Gull, Ring-billed Unnamed Island NL 3-Jul-13 NWR13 53.65829 -60.01013 76.2 0.740 0.176
K13-35531-00-07 LMRG-18 Gull, Ring-billed Unnamed Island NL 3-Jul-13 NWR13 53.65829 -60.01013 74.6 0.477 0.121
K13-35532-00-07 LMRG-19 Gull, Ring-billed Unnamed Island NL 3-Jul-13 NWR13 53.65829 -60.01013 75.9 0.652 0.157
K13-35533-00-07 LMRG-20 Gull, Ring-billed Unnamed Island NL 3-Jul-13 NWR13 53.65829 -60.01013 76.3 0.499 0.118
K14-38597-00-04 LMRG-1 Gull, Ring-billed Horse Island NL 10-Jul-14 NWR06 53.79563 -59.79945 74.4 0.749 0.192
K14-38598-00-04 LMRG-2 Gull, Ring-billed Horse Island NL 10-Jul-14 NWR06 53.79563 -59.79945 78.2 0.565 0.123
K14-38599-00-04 LMRG-3 Gull, Ring-billed Horse Island NL 10-Jul-14 NWR06 53.79563 -59.79945 76.2 0.615 0.147
K14-38600-00-04 LMRG-4 Gull, Ring-billed Horse Island NL 10-Jul-14 NWR06 53.79563 -59.79945 76.0 1.04 0.249
K14-38601-00-04 LMRG-5 Gull, Ring-billed Horse Island NL 10-Jul-14 NWR06 53.79563 -59.79945 75.5 1.11 0.272
K14-38602-00-04 LMRG-6 Gull, Ring-billed Horse Island NL 10-Jul-14 NWR06 53.79563 -59.79945 75.1 0.507 0.126
K14-38603-00-04 LMRG-7 Gull, Ring-billed Horse Island NL 10-Jul-14 NWR06 53.79563 -59.79945 74.5 1.32 0.336
K14-38604-00-04 LMRG-8 Gull, Ring-billed Horse Island NL 10-Jul-14 NWR06 53.79563 -59.79945 75.2 0.605 0.150
K14-38605-00-04 LMRG-9 Gull, Ring-billed Horse Island NL 10-Jul-14 NWR06 53.79563 -59.79945 77.7 0.661 0.147
K14-38606-00-04 LMRG-10 Gull, Ring-billed Horse Island NL 10-Jul-14 NWR06 53.79563 -59.79945 75.1 0.549 0.137
K14-38607-00-04 LMRG-11 Gull, Ring-billed Horse Island NL 10-Jul-14 NWR06 53.79563 -59.79945 79.0 1.32 0.276
K14-38608-00-04 LMRG-12 Gull, Ring-billed Horse Island NL 10-Jul-14 NWR06 53.79563 -59.79945 75.4 0.751 0.184
K14-38609-00-04 LMRG-13 Gull, Ring-billed Horse Island NL 10-Jul-14 NWR06 53.79563 -59.79945 74.5 0.778 0.199
K14-38610-00-04 LMRG-14 Gull, Ring-billed Horse Island NL 10-Jul-14 NWR06 53.79563 -59.79945 75.6 0.937 0.228
K14-38611-00-04 LMRG-15 Gull, Ring-billed Horse Island NL 10-Jul-14 NWR06 53.79563 -59.79945 75.2 1.24 0.306
K14-38612-00-04 LMRG-16 Gull, Ring-billed Horse Island NL 10-Jul-14 NWR06 53.79563 -59.79945 76.1 0.393 0.094
K14-38613-00-04 LMRG-17 Gull, Ring-billed Horse Island NL 10-Jul-14 NWR06 53.79563 -59.79945 76.7 1.58 0.368
K14-38614-00-04 LMRG-18 Gull, Ring-billed Horse Island NL 10-Jul-14 NWR06 53.79563 -59.79945 75.0 0.549 0.137
K14-38615-00-04 LMRG-19 Gull, Ring-billed Horse Island NL 10-Jul-14 NWR06 53.79563 -59.79945 75.4 0.257 0.063
K14-38616-00-04 LMRG-20 Gull, Ring-billed Horse Island NL 10-Jul-14 NWR06 53.79563 -59.79945 75.3 0.534 0.132
K14-38748-00-05 RGRG-1 Gull, Ring-billed Sarah Janes Island NL 28-Jun-14 SJI 53.84981 -58.98960 76.9 0.648 0.150
K14-38749-00-05 RGRG-2 Gull, Ring-billed Sarah Janes Island NL 28-Jun-14 SJI 53.84981 -58.98960 76.3 0.513 0.122
K14-38750-00-05 RGRG-3 Gull, Ring-billed Sarah Janes Island NL 28-Jun-14 SJI 53.84981 -58.98960 76.1 0.525 0.126
K14-38751-00-05 RGRG-4 Gull, Ring-billed Sarah Janes Island NL 28-Jun-14 SJI 53.84981 -58.98960 76.4 0.482 0.114
K14-38752-00-05 RGRG-5 Gull, Ring-billed Sarah Janes Island NL 28-Jun-14 SJI 53.84981 -58.98960 75.0 0.393 0.098
K14-38753-00-05 RGRG-6 Gull, Ring-billed Sarah Janes Island NL 28-Jun-14 SJI 53.84981 -58.98960 74.9 0.659 0.165
K14-38754-00-05 RGRG-7 Gull, Ring-billed Sarah Janes Island NL 28-Jun-14 SJI 53.84981 -58.98960 76.7 0.926 0.216
K14-38755-00-05 RGRM-8 Merganser, Red-breasted Sarah Janes Island NL 28-Jun-14 SJI 53.84981 -58.98960 68.2 0.259 0.082
K14-38756-00-05 RGRM-9 Merganser, Red-breasted Sarah Janes Island NL 28-Jun-14 SJI 53.84981 -58.98960 68.4 0.321 0.102
K14-38757-00-05 RGRM-10 Merganser, Red-breasted Sarah Janes Island NL 28-Jun-14 SJI 53.84981 -58.98960 68.3 0.309 0.098
K14-38758-00-05 RGRM-11 Merganser, Red-breasted Sarah Janes Island NL 28-Jun-14 SJI 53.84981 -58.98960 67.2 0.279 0.091
K14-38759-00-05 RGHG-12 Gull, Herring Peter Lewis Island NL 28-Jun-14 PLI 54.00156 -58.59112 76.5 0.845 0.198
K14-38760-00-05 RGGG-13 Gull, Great Black-backed Peter Lewis Island NL 28-Jun-14 PLI 54.00156 -58.59112 77.6 0.605 0.135
K14-38761-00-05 RGHG-14 Gull, Herring Peter Lewis Island NL 28-Jun-14 PLI 54.00156 -58.59112 78.4 0.719 0.155
K14-38762-00-05 RGGG-15 Gull, Great Black-backed Peter Lewis Island NL 28-Jun-14 PLI 54.00156 -58.59112 78.4 1.51 0.326
K14-38763-00-05 RGHG-16 Gull, Herring Peter Lewis Island NL 28-Jun-14 PLI 54.00156 -58.59112 76.8 0.893 0.207
K14-38764-00-05 RGHG-17 Gull, Herring Peter Lewis Island NL 28-Jun-14 PLI 54.00156 -58.59112 76.2 0.727 0.173
K14-38765-00-05 RGHG-18 Gull, Herring Peter Lewis Island NL 28-Jun-14 PLI 54.00156 -58.59112 74.6 1.28 0.325
K14-38766-00-05 RGHG-19 Gull, Herring Peter Lewis Island NL 28-Jun-14 PLI 54.00156 -58.59112 76.6 0.930 0.217
K14-38767-00-05 RGCE-20 Eider, Common Peter Lewis Island NL 28-Jun-14 PLI 54.00156 -58.59112 65.8 0.369 0.126
K14-38768-00-05 RGCE-21 Eider, Common Peter Lewis Island NL 28-Jun-14 PLI 54.00156 -58.59112 66.2 0.335 0.113
K14-38769-00-05 RGCE-22 Eider, Common Peter Lewis Island NL 28-Jun-14 PLI 54.00156 -58.59112 65.2 0.397 0.138
K14-38770-00-05 RGCE-23 Eider, Common Peter Lewis Island NL 28-Jun-14 PLI 54.00156 -58.59112 66.1 0.358 0.121
K14-38771-00-05 RGCE-24 Eider, Common Peter Lewis Island NL 28-Jun-14 PLI 54.00156 -58.59112 64.9 0.572 0.201
K14-38772-00-05 RGRM-25 Merganser, Red-breasted Sarah Janes Island NL 28-Jun-14 SJI 53.84981 -58.98960 68.2 0.248 0.079
K14-38773-00-05 RGRM-26 Merganser, Red-breasted Sarah Janes Island NL 28-Jun-14 SJI 53.84981 -58.98960 67.8 0.217 0.070
K14-38774-00-05 RGRM-27 Merganser, Red-breasted Sarah Janes Island NL 28-Jun-14 SJI 53.84981 -58.98960 67.1 0.228 0.075

K15-42067 LMRG-1 Gull, Ring-billed New Cook Island NL 7-Jul-15 NWR07 53.71602 -59.98957 77.3 0.769 0.175
K15-42068 LMRG-2 Gull, Ring-billed New Cook Island NL 7-Jul-15 NWR07 53.71602 -59.98957 76.3 0.935 0.222
K15-42069 LMRG-3 Gull, Ring-billed New Cook Island NL 7-Jul-15 NWR07 53.71602 -59.98957 75.7 0.486 0.118
K15-42070 LMRG-5 Gull, Ring-billed New Cook Island NL 7-Jul-15 NWR07 53.71602 -59.98957 77.8 0.596 0.133
K15-42071 LMRG-6 Gull, Ring-billed New Cook Island NL 7-Jul-15 NWR07 53.71602 -59.98957 78.1 0.572 0.125
K15-42072 LMRG-8 Gull, Ring-billed New Cook Island NL 7-Jul-15 NWR07 53.71602 -59.98957 75.7 0.882 0.214

Latitude LongitudeSample ID Specimen # Species Collection Site Province
Collection

Date
Site Code
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Study Area Wild Bird Egg Chemistry Data Summary: Unpublished Environment Canada Data (2013-2015)
Moisture [THg ] [THg]

[%] µg/g dw µg/g ww
Latitude LongitudeSample ID Specimen # Species Collection Site Province

Collection
Date

Site Code

K15-42073 LMRG-9 Gull, Ring-billed New Cook Island NL 7-Jul-15 NWR07 53.71602 -59.98957 76.2 0.648 0.154
K15-42074 LMRG-10 Gull, Ring-billed New Cook Island NL 7-Jul-15 NWR07 53.71602 -59.98957 77.4 1.59 0.359
K15-42075 LMRG-11 Gull, Ring-billed New Cook Island NL 7-Jul-15 NWR07 53.71602 -59.98957 75.4 0.705 0.174
K15-42076 LMRG-12 Gull, Ring-billed New Cook Island NL 7-Jul-15 NWR07 53.71602 -59.98957 76.8 0.634 0.147
K15-42077 LMRG-13 Gull, Ring-billed New Cook Island NL 7-Jul-15 NWR07 53.71602 -59.98957 76.4 0.342 0.081
K15-42078 LMRG-14 Gull, Ring-billed New Cook Island NL 7-Jul-15 NWR07 53.71602 -59.98957 76.1 1.10 0.262
K15-42079 LMRG-15 Gull, Ring-billed Edward Island NL 7-Jul-15 NWR12 53.66092 -60.00393 75.4 0.521 0.128
K15-42080 LMRG-16 Gull, Ring-billed Edward Island NL 7-Jul-15 NWR12 53.66092 -60.00393 77.3 0.734 0.167
K15-42081 LMRG-18 Gull, Ring-billed New Cook Island NL 7-Jul-15 NWR07 53.71602 -59.98957 75.9 1.06 0.255
K15-42082 LMRG-19 Gull, Ring-billed New Cook Island NL 7-Jul-15 NWR07 53.71602 -59.98957 75.9 1.51 0.363

83 83 83
79.0 7.110 1.561
64.9 0.217 0.063

0.29
95% Chebyshev
(Mean, Sd) UCL

NOTES:
dw = dry weight.
ww = wet weight.
[ THg ] = total mercury concentration.
NL = Newfoundland and Labrador.
RDL = reported detection limit.
UCLM95 = 95% upper confidence limit on arithmetic mean.
EPC = exposure point concentration.

 UCLM95-based EPC

Number of Samples (N)
Maximum
Minimum
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83.000000 70.000000

    0

0.0630000 0.2007470

1.5610000 0.1540000

0.1958296 0.0214951

0.9755043 5.3856062

0.4748120

    0

0.2462956

0.0973722

0.2365073 0.2496806

0.2386251

3.7383154

0.7593256

0.1388008

0.0988582

2.9220403 2.8244565

0.0687010 0.0710746

485.05869 468.85978

0.2007470 0.1194487

419.65312

0.0471084 418.83739

0.2242857 0.2247225

Assuming Gamma Distribution

   95% Approximate Gamma UCL (use when n>=50))    95% Adjusted Gamma UCL (use when n<50)

MLE Mean (bias corrected) MLE Sd (bias corrected)

Approximate Chi Square Value (0.05)

Adjusted Level of Significance Adjusted Chi Square Value

Gamma Statistics

k hat (MLE) k star (bias corrected MLE)

Theta hat (MLE) Theta star (bias corrected MLE)

nu hat (MLE) nu star (bias corrected)

K-S Test Statistic Kolmogorov-Smirnov Gamma GOF Test

5% K-S Critical Value Data Not Gamma Distributed at 5% Significance Level

Data Not Gamma Distributed at 5% Significance Level

Gamma GOF Test

A-D Test Statistic Anderson-Darling Gamma GOF Test

5% A-D Critical Value Data Not Gamma Distributed at 5% Significance Level

Assuming Normal Distribution

   95% Normal UCL    95% UCLs (Adjusted for Skewness)

   95% Student's-t UCL    95% Adjusted-CLT UCL (Chen-1995)

   95% Modified-t UCL (Johnson-1978)

Lilliefors Test Statistic Lilliefors GOF Test

5% Lilliefors Critical Value Data Not Normal at 5% Significance Level

Data Not Normal at 5% Significance Level

Normal GOF Test

Shapiro Wilk Test Statistic Shapiro Wilk GOF Test

5% Shapiro Wilk P Value Data Not Normal at 5% Significance Level

Maximum Median

SD Std. Error of Mean

Coefficient of Variation Skewness

General Statistics

Total Number of Observations Number of Distinct Observations

Number of Missing Observations

Minimum Mean

Number of Bootstrap Operations   2000

Wild Bird Egg ([Hg] ug/g wet wt.

From File   WorkSheet.xls

Full Precision   ON

Confidence Coefficient   95%

UCL Statistics for Uncensored Full Data Sets

User Selected Options

Date/Time of Computation   ProUCL 5.17/12/2016 9:05:56 AM
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Number of Bootstrap Operations   2000

Wild Bird Egg ([Hg] ug/g wet wt.

From File   WorkSheet.xls

Full Precision   ON

Confidence Coefficient   95%

UCL Statistics for Uncensored Full Data Sets

User Selected Options

Date/Time of Computation   ProUCL 5.17/12/2016 9:05:56 AM

0.9115304

3.9388E-6

0.0922134

0.0973722

-2.764621 -1.786475

0.4453266 0.5170759

0.2128961 0.2256017

0.2411994 0.2628485

0.3053740

0.2361033 0.2365073

0.2358101 0.2856733

0.4172720 0.2387108

0.2518675

0.2652322 0.2944419

0.3349838 0.4146204

0.2128961

ProUCL computes and outputs H-statistic based UCLs for historical reasons only.

H-statistic often results in unstable (both high and low) values of UCL95 as shown in examples in the Technical Guide.

It is therefore recommended to avoid the use of H-statistic based 95% UCLs.

Use of nonparametric methods are preferred to compute UCL95 for skewed data sets which do not follow a gamma distribution.

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

Recommendations are based upon data size, data distribution, and skewness.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.

 97.5% Chebyshev(Mean, Sd) UCL    99% Chebyshev(Mean, Sd) UCL

Suggested UCL to Use

95% H-UCL Note: not used due to ProUCL warning. Used 95%
Chebyshev(Mean, Sd) UCL instead.

   95% Hall's Bootstrap UCL    95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

   90% Chebyshev(Mean, Sd) UCL    95% Chebyshev(Mean, Sd) UCL

Data appear to follow a Discernible Distribution at 5% Significance Level

Nonparametric Distribution Free UCLs

   95% CLT UCL    95% Jackknife UCL

   95% Standard Bootstrap UCL    95% Bootstrap-t UCL

   95% Chebyshev (MVUE) UCL  97.5% Chebyshev (MVUE) UCL

   99% Chebyshev (MVUE) UCL

Nonparametric Distribution Free UCL Statistics

Maximum of Logged Data SD of logged Data

Assuming Lognormal Distribution

   95% H-UCL    90% Chebyshev (MVUE) UCL

5% Lilliefors Critical Value Data appear Lognormal at 5% Significance Level

Data appear Approximate Lognormal at 5% Significance Level

Lognormal Statistics

Minimum of Logged Data Mean of logged Data

Shapiro Wilk Test Statistic Shapiro Wilk Lognormal GOF Test

5% Shapiro Wilk P Value Data Not Lognormal at 5% Significance Level

Lilliefors Test Statistic Lilliefors Lognormal GOF Test

Lognormal GOF Test
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Appendix E 

 
Final Baseline HHRA 
October 2016 –12-6331-7000 

E - 1 

 

E Discussion of Normalizing Fish THg 
Concentration Data to Standard Fish 
Lengths 
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Final Baseline HHRA 
October 2016 –12-6331-7000 

E - 2 

 

Appendix E: Discussion of Normalizing Fish 
THg Concentration Data to Standard Fish 
Lengths 
 

Normalizing or standardizing THg or MeHg concentrations in fish muscle to a standard length 

for a given fish species is a common practice in many long term fish monitoring programs. The 

utility of this approach in such monitoring programs is that normalizing or standardizing 

removes a lot of the "noise" from the data and can make it easier to track trends in Hg 

concentrations over time, and determine if reductions or increases in fish Hg levels between 

certain time periods are statistically significant or not. The normalization procedure is based on 

regression analysis, where various types of regression models can be applicable depending on 

the species and the observed relationships between THg concentrations and fish length. The 

procedure typically involves ANOVA and/or ANCOVA as well, prior to fitting the data to an 

appropriate regression model. Thus, normalizing THg or MeHg concentrations in fish muscle to 

standard fish length is dependent on robust and statistically significant relationships between 

THg concentrations in fish muscle tissue and fish length. 

 

Some common issues that arise when considering a normalization procedure include: 

 

 The varied and inconsistent regulatory guidance on how the normalization procedure 

should be conducted. 

 The selection of a standard fish length is often not based on statistical analyses but 

rather, is based on professional judgment. However, a standard fish length for a given 

species can be statistically derived from available monitoring data. 

 Depending on the quantity and quality of fish muscle THg or MeHg data (and the data 

distribution type and frequency of non-detectable concentrations), it is not unusual to 

have weak or poor correlations between fish length and fish muscle Hg concentrations 

(often due to natural variability), which can lead to issues and challenges in trying to fit 

an appropriate regression model to these data. Often, data transformations are 

necessary to achieve model fit. However, there is inconsistent regulatory guidance 

regarding whether or not both the Hg concentration and fish length parameters should 

be transformed, or just one of these variables. Often, only the Hg concentrations are 

transformed. Data transformation procedures always need careful consideration as to 

their appropriateness, need and value (U.S. EPA, 2006), and may increase rather than 

decrease uncertainty. Normalizing or standardizing based on weak or highly 

uncertain/highly variable statistical relationships and regression models provides little 

to no value and could create a situation where potential human exposure to THg or 

MeHg from fish consumption could be underestimated. 
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Final Baseline HHRA 
October 2016 –12-6331-7000 

E - 3 

 

These issues apply to the common scenario of normalizing fish THg data to standard fish length 

in EEM and similar long term monitoring programs. They also apply equally when considering 

the application of normalization procedures in HHRA. If attempts to normalize fish Hg data to 

standard fish length reveal high data uncertainty and weak relationships between Hg 

concentrations and fish length, then such an approach has no value within a HHRA, especially if 

the best fit regression model has a potential to underestimate human exposures to THg or 

MeHg from consuming fish. In general, the normalization procedure is not statistically 

compatible with how statistics are used in HHRA. The normalization procedures focus on 

central tendency fish muscle Hg concentrations and fish lengths, which is inconsistent with the 

concept and practice of EPC calculation in HHRAs, where upper bound estimates or upper 

estimates of central tendency are used to represent the concentrations of COPCs in media or 

foods that people are exposed to. 

 

Likely due (at least in part) to the issues noted above, studies that focus on potential human 

exposure to Hg (as is the case in HHRAs or consumption advisories) do not typically normalize 

fish Hg concentrations to a standard fish length. Some further reasons why normalization 

procedures are not generally applied in HHRAs are as follows: 

 

 When normalization procedures are conducted, one useful feature is being able to 

predict a THg or MeHg muscle concentration based on fish length for a given species. 

However, this offers little to no advantage if ample measured fish THg or MeHg muscle 

concentration data are available (as is the case for the LCHGP and its aquatic EEM 

program, where over 2000 fish muscle samples from 15 species have been analyzed for 

THg to date). In HHRA, it is well established standard practice that measured data 

(when available and of adequate sample size and data quality) are preferred to 

predicted data.  

 There is a potential for bias or reduced conservatism if it is assumed that people 

always eat fish of a certain standard length or size. This does not occur in reality. 

HHRAs are always better informed when they focus on what people actually claim they 

eat, rather than relying on more restrictive data and assumptions that may be 

unrealistic for a given community.  

 

Review of a number of recent Canadian HHRAs that focused on Hg in fish, as well as review of a 

number of fish consumption advisory (CA) programs across Canada and the U.S., revealed that 

fish Hg data are typically not normalized to standard lengths in these studies or programs. The 

review included several HHRAs in Alberta conducted by Alberta Health and Wellness (AHW), 

several HHRAs in the U.S. conducted by Fisheries and Wildlife Service, Health Canada (2007), 

and several other Canadian HHRAs conducted as part of EA processes. While it is 

acknowledged that some HHRAs of Hg in fish did utilize length-adjusted (length-normalized) Hg 

data when estimating human exposure, the majority of the reviewed studies did not. On the 
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rare occasions when HHRAs have evaluated length-normalized fish Hg concentrations, they 

have typically done so only if the underlying statistical relationships between Hg 

concentrations in a given fish species’ muscle tissue and fish length were robust, significant 

and indicative of a strong positive correlation. As noted above, this is not always the case.  

 

There were also some further reasons, more specific to the LCHGP final baseline HHRA, as to 

why normalization of fish THg concentrations to standard fish length was not conducted (as 

follows). 

 

 The baseline DS did not obtain information on the sizes of fish consumed from LCHGP 

study area water bodies. While a question on fish size was considered initially, it was 

rejected based on prior experience in other dietary surveys and common observations 

within the scientific literature that respondents often do not know the typical sizes of 

the fish that are harvested and consumed. Frequently, fewer individuals harvest or 

catch the fish than consume them. Thus, when people consume a fish meal, it is 

common to not know the length of the fish that a fillet came from. Also, self-reporting 

of fish sizes can often be inaccurate due to recall bias and perhaps partly due to 

anglers not wanting to admit harvesting fish that may not be within legal size limits. 

Overall, it is commonly difficult to obtain reliable data on fish sizes from diet survey 

programs. As such, it was not attempted during the baseline DS program. 

 With the extensive aquatic EEM program data available (i.e., over 2000 fish muscle 

samples from 15 species with measured THg concentration data), relying on inherently 

more predictive THg concentration estimates (as would be the case if normalization 

procedures were used), rather than the measured data, would be nonsensical, and 

would increase rather than reduce uncertainty. 

 The HHRA considered store-bought (market basket) fish consumption in addition to 

locally harvested country fish consumption. With market basket fish THg or MeHg data, 

it is virtually impossible to know the lengths of the fish that would correspond with the 

Hg concentrations (i.e., fish length is rarely if ever reported in literature or data sources 

that present Hg concentrations in store-bought fish products). It would be 

inappropriate to assess length-normalized Hg concentration data for country fish 

consumption, but not for store-bought fish, when both sources of human Hg exposure 

are being evaluated in the same HHRA. In any HHRA, it is important to assess exposure 

to chemicals from multiple food items as consistently as possible. Otherwise, positive 

or negative bias could be introduced that could make the HHRA results questionable or 

less meaningful.  

 As noted, people do not eat fish of a standard length every time they eat a certain type 

of fish. In reality, various sizes of fish are eaten when a fish meal is consumed. 

Assuming a standard length of fish for a consumed species has the potential of missing 

smaller or larger fish that may be consumed, that may potentially contain higher THg 
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concentrations. Also, for smelts (which are among the more commonly consumed fish 

species in the LCHGP study area), all fish are small, and smelts are consumed 

regardless of their length; thus, normalizing THg concentrations to smelt length would 

serve no practical purpose.  

 

A study conducted during the EA process for the LCHGP attempted to develop relationships 

between various fish species’ THg concentrations in muscle and standard fish lengths (i.e., 

Stantec, 2010). This study tested a number of regression models with both transformed and 

un-transformed THg concentration data. Standard fish lengths were selected via professional 

judgement. Several different THg data transformations were tested but no rationale was 

provided for the types of transformations that were conducted. Fish length data were not 

transformed in this study, again with no rationale as to why this was the case. The approaches 

and outcomes of the Stantec (2010) study were reviewed in order to determine if any of the 

regression models could potentially merit application within the final baseline HHRA. A similar 

study had been previously conducted by JWL (2006), but as this study focused only on 

Smallwood Reservoir water bodies, which are outside the LCHGP study area, it was excluded 

from further consideration. 

 

Essentially, Stantec (2010) attempted to fit regression models to baseline fish data (THg versus 

length) collected from LCHGP study area water bodies in 1999, 2004 and 2010 (depending on 

data availability; for some species and water body combinations, available data were limited to 

only one of these years). A general finding from Stantec (2010) was that THg concentrations 

generally increased with increasing fish size (as is commonly reported in the scientific 

literature), but the relationship was not necessarily statistically significant in all of the fish 

species that were considered. While many of the regression models reported in Stantec (2010) 

are for fish species that are not consumed by LCHGP study area community residents (based 

on DS participant responses and the earlier Minaskuat (2009) angling survey outcomes), 

regression models were able to be developed for most of the species that are reported to be 

harvested and consumed within the study area (i.e., brook trout, lake trout, rainbow smelt, 

burbot, ouananiche). Overall, there was high variability and a lack of consistency in terms of 

the best fit regression models between and within years, water bodies and fish species. In 

association with the best fit regression models, the correlation coefficients (r2) for fish muscle 

THg concentration versus fish length ranged from weak to relatively strong for some species, 

but were generally weak for most species evaluated by Stantec (2010). These outcomes 

suggest that none of the regression models developed in Stantec (2010) are sufficiently robust 

or reliable to apply in the HHRA or the aquatic EEM program with any degree of confidence. 

For example: 

 

 For brook trout in the estuary, several regression models showed an equally good fit 

(linear (un-transformed), polynomial, linear-log10-transformed, polynomial log10 
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transformed, linear square root transformed, and polynomial square root transformed) 

where the correlation coefficients were strong and ranged from 0.69 to 0.75. However, 

for brook trout in Gull Lake in 1999 and 2004, different regression models showed the 

best fit for these years and the correlation coefficients for the best fit regression 

models were relatively weak (i.e., polynomial in 1999, r2=0.32; polynomial square root 

transformed in 2004, r2=0.55). For brook trout in Lake Winokapau, the best fit 

regression model was different again with a weak correlation coefficient (polynomial 

log10 transformed, r2=0.31). 

 For burbot in Gull Lake, the best fit regression model was polynomial (untransformed) 

with a weak correlation between THg concentration and length, where r2=0.39. 

 For lake trout in Lake Winokapau, the best fit regression model was polynomial log10-

transformed with strong correlation between THg concentration and length (r2=0.79). 

 For ouananiche in Lake Winokapau, the best fit regression model was polynomial 

square root transformed with strong correlation between THg concentration and 

length (r2=0.76). 

 For rainbow smelt in the estuary, the best fit regression model was polynomial log10-

transformed with a weak correlation between THg concentration and length, where 

r2=0.47. 

 Similar patterns were also evident in the best fit regression models and correlation 

coefficients determined for fish species that are not consumed by study area 

community residents, which included lake chub, whitefish, longnose sucker, northern 

pike, white sucker, and tomcod. For these species, there was also high variability in the 

best fit regression models across species, but also within species (and across years and 

water bodies). There were also variable and generally weak correlations between THg 

concentrations and fish length in these species within the study area water bodies. 

 

Some other issues affecting the data evaluated by Stantec (2010) include the following.  

 

 Sample sizes for a number of the datasets used to develop best fit regression models 

were small (which reduces statistical power).  

 For many fish species and water bodies, fish THg data were not available for more than 

one year.  

 The Stantec (2010) study was not able to address all species of interest in all study area 

water bodies of interest. 

 The 5 to 6 year intervals between the fish data collection events (1999, 2004 and 2010) 

make it difficult to characterize the variability in the relationships between fish muscle 

THg concentrations and fish length. 

 

AMEC-FW will be conducting a statistical evaluation of the aquatic EEM program fish THg and 

fish length data prior to the beginning of the post-construction monitoring period. At that time, 
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the statistical relationships between fish muscle THg concentrations and fish length will be 

characterized, and appropriate best fit regression models developed that can potentially 

enable the normalization of fish THg data to standard fish lengths. Following this, the potential 

utility of normalization procedures for HHRA and/or consumption advisory programs can be 

revisited.  

 

In summary, the preceding discussion demonstrates that even when significant statistical 

relationships between fish muscle THg concentrations and fish length can be elucidated (which 

is not always the case), these relationships are not exportable across water bodies or aquatic 

ecosystems and may not even be consistent across short periods of time in the same species 

within the same aquatic ecosystem or water body. High variability can occur in this relationship 

as a function of the numerous interconnected factors that influence MeHg accumulation in fish, 

as well as fish growth and ecology within a given aquatic ecosystem. Thus, while normalizing 

fish Hg concentrations to standard fish lengths has its place in monitoring programs (though 

there can be various issues that limit the value of normalization procedures even for this 

purpose), and may provide helpful supporting information to HHRA and consumption advisory 

programs, it is not considered to be an appropriate approach when directly assessing potential 

human exposure and risk in HHRAs and/or consumption advisory programs.  
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