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ABSTRACT 

 

While fish and seafood are a beneficial food source for all ages, some populations 

are at risk for exposure to environmental pollutants found in fish. Methylmercury is one 

such toxin found in nearly all fish species. Regular consumption of fish, especially those 

high in methylmercury, is associated with neurotoxicities in developing fetuses and 

children and increased risk for cardiovascular disease in adults. National and state fish 

advisories are established to guide the general population in safe fish-eating practices. 

Although not commonly studied, research suggests anglers likely have higher exposures 

to methylmercury due to greater consumption of locally-caught fish. The purpose of this 

study was to examine fish consumption patterns, fish advisory awareness, risk 

communication preferences, and actual methylmercury exposure among recreational 

anglers. Further evaluation was necessary to determine the type, size, amount, and 

frequency of fish consumed by the anglers, assess awareness of fish consumption 

advisories, and measure actual methylmercury exposure relative to dietary intake of fish, 

in order to ascertain whether this population is at risk and in need of a risk 

communication intervention. A convenience sample was performed with participating 

recreational anglers (N = 31). A survey completed by the participants examined fish 

consumption patterns, fish advisory awareness, and risk communication preferences. 

Biomarker assessment included hair mercury analysis to measure actual methylmercury 

exposure in the participating angler population (N = 25). Results revealed elevated hair 

mercury levels in 32% of participants (n = 8). After adjusting for all other variables, 

anglers who eat northern pike and walleye had significantly higher hair mercury levels (p 

= 0.009 and p = 0.016 respectively) than those who do not. Additionally, anglers who fish 

in lakes have higher hair mercury levels than those who do not (p = 0.005). Advisory 

awareness was not a significant factor after adjusting for all other variables. Additional 

research is needed to (a) improve the identification of specific routes of exposure (fish 

species, size, and waterbody) in recreational anglers, (b) identify the health impacts of 

mercury in the exposed population, and (c) establish effective risk reduction interventions 

specific for the angler population. 
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CHAPTER ONE 

 

INTRODUCTION 

 

Fish and seafood are an important and beneficial food source for all ages. The 

American Heart Association (AHA) recommends consuming fish at least two times per 

week for the cardiovascular benefits derived from eating low-fat protein and omega-3 

polyunsaturated fatty acids (AHA, 2010). Fish consumption also provides nutrients 

essential to growth and brain development in fetuses and children (Stern & Korn, 2011; 

United States Food and Drug Administration [U.S. FDA], 2004).  

While the benefits of eating fish are well established, some populations are at risk 

for exposure to environmental pollutants found in fish. Methylmercury is one such toxin 

found in nearly all fish species (National Research Council [NRC], 2000; U.S. FDA, 

2004). Methylmercury is an organic derivative of mercury that accumulates in aquatic 

species and watersheds. Regular consumption of fish, especially those high in 

methylmercury, is associated with neurotoxicities in developing fetuses and children and 

increased risk for cardiovascular disease in adults (Salonen et al., 1995; Grandjean et al., 

1997; Grandjean, Weihe, White, & Debes, 1998; Choi et al., 2009; Grotto et al., 2010; 

Valera, Dewailly, & Poirier, 2011a; Valera, Dewailly, Poirier, Counil, & Suhas, 2011b).  

National and state fish advisories are established to guide the general population 

in safe fish-eating practices. The advisories elucidate the potential risks of eating fish 

high in methylmercury and offer substantial counsel to vulnerable women and children 

populations (United States Environmental Protection Agency [U.S. EPA], 2010a; U.S. 
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FDA, 2004). The advisory issued jointly by the U.S. EPA and the U.S. FDA recommends 

to, “check local advisories about the safety of fish caught by family and friends in your 

local lakes, rivers, and coastal areas” (2004, Key parts of the advisory #3). While the 

advisory is targeted to women of childbearing age and mothers of young children, 

another group potentially at risk includes recreational anglers. Although not commonly 

studied, research suggests anglers likely have higher exposures to methylmercury due to 

greater consumption of local, sport-caught fish (Lincoln et al., 2011; Gobeille, Morland, 

Bopp, Godbold, & Landrigan, 2006; Knobeloch, Gloiri, & Anderson, 2007).  

 

Purpose of the Study 

 

 The purpose of this study was to examine fish consumption patterns, fish advisory 

awareness, risk communication preferences, and actual methylmercury exposure among 

recreational anglers participating in a fishing contest in a northwestern state. The fishing 

contest takes place at a lake located on one open American Indian reservation, and 

attracts a diverse angling population. Many of the anglers who participate in the contest 

are experts or “super anglers,” that commit to fishing on a regular basis. Further 

evaluation was necessary to determine the type, size, amount, and frequency of fish 

consumed by the anglers, assess awareness of fish consumption advisories, and measure 

actual methylmercury exposure relative to dietary intake of fish, in order to ascertain 

whether this population is at risk and in need of a risk communication intervention. 
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Background and Significance of the Study 

 

History of the Fishing Contest 

The fishing contest that hosts the recreational anglers targeted for this study began 

in 2002 as an effort to bring balance between native and nonnative fish in the lake’s 

ecosystem (Mack Days, 2010c). Due to competition and predation in the early 1990’s, 

nonnative fish species caused substantial decreases in the native fish population 

(Confederated Salish and Kootenai Tribes [CSKT] & Montana Fish, Wildlife, & Parks 

[MT FWP], 2000). Competitive recreational angling was chosen as a management tactic 

to help decrease the number of nonnative fish in the lake and connected waterways 

(CSKT & MT FWP, 2000). The fishing contest is held for approximately eight to ten 

weeks on Fridays, Saturdays, and Sundays every spring and fall. Contest participation 

incentives include cash and prize awards totaling $125,000 (Mack Days, 2010c). Anglers 

may keep the fish they catch, or they may donate them to the contest in which case they 

are filleted and distributed to local food banks (CSKT & MT FWP, 2000).   

 

Methylmercury 

Environmental toxins are any chemical in the environment that are poisonous to 

humans (Kirch, 2008), and can occur naturally or anthropogenically. One toxin 

associated with irreversible organ damage in humans is mercury.  Mercury is an element 

found in several forms, including metallic, organic, and inorganic. Its forms are derived 

from natural and man-made sources (NRC, 2000).  Natural releases of mercury come 

from forest fires, volcanic eruptions, erosions of soils and rocks that contain mercury, and 

water evaporation.  The primary man-made source for environmentally released mercury 
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in the United States is coal combustion (Agency for Toxic Substances and Disease 

Registry [ATSDR], 2009).  Mercury is released into the atmosphere, is transported over a 

range of distances, and then deposited within ecosystems (U.S. EPA, 2010b).     

 Methylmercury, an organic compound primarily found in fish, is one of the most 

common forms of mercury that threatens humanity (NRC, 2000).  Methylmercury 

accumulates throughout the bodies of aquatic animals such as fish and shellfish.  All fish, 

regardless of size, are found to contain methylmercury (NRC, 2000).  In the aquatic food 

chain, as bigger fish eat smaller fish, bioaccumulation occurs resulting in the bigger fish 

developing high concentrations of methylmercury over time (U.S. EPA, 2010b).  The 

highest concentrations of methylmercury are found in predatory fish such as tuna, 

swordfish, king mackerel, shark, and whale.  Consumption of contaminated fish is the 

major source of human exposure to methylmercury in the United States (NRC, 2000).   

 Fish are an excellent source of protein and omega-3 fatty acids, which can 

decrease triglyceride levels, slow growth rate of atherosclerotic plaque, and lower blood 

pressure (AHA, 2010).  However, regularly consuming fish high in methylmercury 

content can result in an increased risk of adverse effects. Neurotoxic effects associated 

with high-dose methylmercury exposures include mental retardation, deafness, and 

blindness, in developing fetuses and young children. Research suggests even at low 

doses, methylmercury exposures are associated with neurological effects, such as 

developmental delays, learning disabilities, and attention deficits in fetuses, infants, and 

children (Grandjean et al., 1997, 1998). Methylmercury contamination has also been 

linked to adverse cardiovascular impacts such as myocardial infarction, high blood 

pressure, and cardiac arrhythmias at both high and low levels of exposure (Salonen et al., 
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1995; Choi et al., 2009; Grotto et al., 2010; Valera et al., 2011b). A dose-response 

relationship between methylmercury and cardiovascular health effects such as myocardial 

infarction is not yet established. However, upon evaluating current evidence, researchers 

recommend the “development of a dose-response function relating methylmercury 

exposures with myocardial infarction, for use in regulatory benefits analyses…” (Roman 

et al., 2011, p. 607).  

 

History of Methylmercury Poisoning  

In May 1956, methylmercury poisoning hit coastal areas of Japan. The source of 

contamination was fish and shellfish containing high levels of methylmercury from a 

chemical plant’s wastewater (Harada, 1995). Residents living in the coastal areas, 

particularly Minamata Bay, regularly consumed fish and shellfish in most main dishes. 

Many of the people were poisoned by methylmercury after ingesting the contaminated 

marine life. According to Harada, “these cases of the poisoning with organic mercury 

poisoning were the first to take place in the world through the food chain transfer of its 

environmental pollution” (n.d., para. 1). 

Overall, 600 deaths and numerous cases of neurological effects were reported 

among the people living near Minamata Bay. Typical effects included nervous system 

disturbances such as ataxia, tremors, and slurred speech. Fetuses and children were most 

affected by the exposure, with deafness, blindness, mental retardation, and cerebral palsy 

reported among the most severe cases (Harada, 1995; NRC, 2000).  

In the early 1970’s, an outbreak occurred in Iraq caused by wheat seeds covered 

in methylmercury-derived fungicide. Farmers and their families ingested the 
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contaminated wheat through homemade breads, causing a scourge of methylmercury 

poisoning (Bakir, et al., 1973). Thousands of people were admitted to hospitals 

throughout the country and 459 deaths were directly related to the methylmercury 

poisoning. According to Bakir et al., the epidemic was the most “catastrophic ever 

recorded in terms of its extent and the ensuing morbidity and mortality” (1973, p. 231). 

The symptoms of methylmercury poisoning were similar to those in Japan’s outbreak and 

consisted of central nervous system disturbances. Effects on fetuses exposed in-utero 

resulted in serious disabilities including severe mental and sensory impairments (NRC, 

2000).  

 

History of Fish Advisories 

In 1971, the U.S. FDA issued the first warnings on methylmercury and fish 

consumption.  The advisory provided guidelines for safe dose ranges of methylmercury 

consumption and weekly fish ingestion limits (Chen & Williams, 2009).  In 1993, formal 

efforts were made by the U.S. EPA to educate the public of fish consuming risks and safe 

eating guidelines Although the information was available, the initial warnings may not 

have reached local vulnerable populations, such as women of childbearing age and 

children living in tribal communities (Kuntz, Ricco, Hill, & Anderko, 2010).   

In 2001, local fish advisories were developed within states to offer further 

guidance based on geographical areas.   The U.S. EPA also issued an updated national 

fish advisory, providing current information on fish consumption limits, toxicity, and 

regulations for mercury (U.S. EPA, 2001a).   An edited version of the U.S. EPA fish 
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advisory followed in 2004 and was a collaborative effort of the U.S. EPA and the U.S. 

FDA.  

The U.S. EPA’s National Listing of Fish Advisories provides updated federal, 

state, and tribal fish consumption advisories, including those for geographical specific 

sport-caught fish. The advisories offer safe-fish consumption guidelines and allow 

database queries to search by state, waterbody, fish species, or environmental 

contaminant (U.S. EPA, 2011c).  

 

Effect of Methylmercury on People 

 Conclusive evidence shows that methylmercury is highly toxic to humans (NRC, 

2000).  At low-dose levels, methylmercury can cause neurotoxicities, delayed 

neurodevelopment, and cardiotoxicities.  According to the AHA, “the negative impact of 

high levels of environmental mercury in seafood may outweigh the protective effects of 

omega-3 fatty acids and selenium in fish” (2009, p. 1).  The AHA also reports that even 

when blood pressure is within normal range, consuming large amounts of fish high in 

methylmercury can lead to higher blood and pulse pressure. 

 The NRC estimated that each year approximately 60,000 children are born in the 

United States with neurological defects directly related to methylmercury exposure in-

utero (2000).  The adverse neurological effects are irreversible and therefore, are carried 

across the lifespan.  
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Effect of Methylmercury on  

Society and Policy Implications 

 Because mercury can travel long distances and deposit into any ecosystem (U.S. 

EPA, 2010b), society as a whole is at risk for exposure.  Poisoning episodes like those 

found in Japan and Iraq demonstrate the large-scale effects that methylmercury can have 

on communities.  In 2005, the U.S. EPA issued the Clean Air Mercury Rule to 

permanently reduce mercury emissions caused by coal-fired power plants. Coal-fired 

power plants are the largest contributing cause of mercury emission in the United States. 

In 2008, coal-fired power plants were delisted from the Clean Air Act list of sources of 

hazardous air pollutants, permitting no regulations on the amount of mercury that can be 

released into the air by coal-fired power plants. Concurrently, the U.S. Circuit Court 

vacated the Clean Air Mercury Rule, ordering the U.S. EPA to revise their policy (U.S. 

EPA, 2011a).   

In 2011, the U.S. EPA proposed the Mercury and Air Toxics Standards (MATS) 

replace the Clean Air Mercury Rule. Under the new rule, the U.S. EPA projects MATS 

will limit up to 91% of mercury found in coal from being emitted into the air. By 

restricting the amount of mercury coal-fired power plants can emit, the U.S. EPA projects 

a $59 to $140 billion improvement in health benefits by the year 2016 (U.S. EPA, 

2011b).  

 

Significance to Nursing 

 With over three million registered nurses (RNs) and 2.6 million jobs, RNs 

currently comprise the largest sector of healthcare providers in the United States (Chen, 

2010; United States Bureau of Labor Statistics [U.S. BLS], 2009). As leaders in 
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healthcare, nurses are often responsible for educating and guiding individuals, families, 

and communities on health risks, including risks associated with environmental hazards 

(Hill & Butterfield, 2010). According to the Institute of Medicine (IOM): 

“On a daily basis, regardless of specialty or practice site, nurses meet 

people who are at risk or ill because of hazards in the environment…The 

health benefits to patients from nurses’ better education and fuller 

involvement in addressing environmental health concerns are potentially 

enormous” (1995, p. 14). 

  

Nurses can help prevent the adverse effects of methylmercury exposure through 

providing risk communication education to the general population and those at greatest 

risk for exposure. Offering resources such as fish advisory guidance, dietary counseling, 

and risk assessment can empower individuals to take proper measures to ensure safe-fish 

eating practices. Nurses equipped with pertinent environmental health competencies can 

advocate for vulnerable populations and help decrease preventable health disparities such 

as those associated with methylmercury exposure.  

 

Statement of the Problem 

 

 The main source of human exposure to methylmercury is consuming 

contaminated fish and shellfish (NRC, 2000). Adverse health effects related to 

methylmercury exposure are well documented, especially for vulnerable populations such 

as women of childbearing age, fetuses, infants, and children (U.S. EPA, 2001b).  

Although not commonly studied, some researchers have suggested that recreational 

anglers likely have a greater risk for methylmercury exposure due to consuming higher 

amounts of wild, sport-caught fish (Lincoln et al., 2011). Because recreational anglers 

may regularly consume fish and thus pose a risk for methylmercury exposure, more 
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information is needed to determine fish consumption patterns, fish advisory awareness, 

risk communication preferences, and actual exposure to methylmercury. 

 

Research Questions 

 

1. What are the fish consumption patterns of recreational anglers participating 

in a northwestern state’s local fishing contest? 

2. Are recreational anglers aware of local fish consumption advisories and if so, 

what level of knowledge do they have regarding specific content within the 

advisory message? 

3. What are the risk communication preferences of recreational anglers? 

4. Are recreational anglers exposed to methylmercury through fish 

consumption?  

 

Theoretical Framework 

 

Whether out of necessity or leisure, anglers are in contact with environmental 

hazards that plague fish and waterbodies. The hazards caused by methylmercury pose 

substantial threat to vulnerable populations. Rural anglers, such as those participating in 

the fishing contest in this study, are unique because rural communities are often “faced 

with additional challenges in obtaining environmental health risk reduction advice” 

(Butterfield & Postma, 2009, p. 108).  

In an attempt to better address environmental health inequities in rural 

communities, Butterfield and Postma (2009) developed a conceptual framework titled 

Translational Environmental Research in Rural Areas (TERRA). The core of TERRA’s 
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framework highlights risk and risk perception of rural individuals and communities. 

According to the authors, the framework was built to explain which environmental health 

actions were accessible to communities and which were not, due to “poverty, public 

health service gaps, and/or prevailing political/economical ideologies” (p. 109). Four key 

concepts from the TERRA framework will assist in assessing anglers’ behavioral risks 

and exposure to methylmercury.  

 

Macrodeterminants 

“The natural and anthropogenic world sets the stage for EH [environmental 

health] risks and citizens’ perceptions of those risks” (Butterfield & Postma, 2009, p. 

111). Macrodeterminants within the TERRA framework include physical-spatial, 

economic-resources, and cultural-ideologic determinants. Macrodeterminants influence 

how rural individuals and communities respond to environmental health risks (Butterfield 

& Postma, 2009). For example, subsistence anglers fishing in a lake contaminated with 

mercury based on convenience of waterbody location (physical-spatial) and self-reliance 

of providing food for family members (cultural-ideologic), may be more influenced by 

such macrodeterminants than by the health risks associated with methylmercury 

consumption.  

 

Environmental Health Risks 

According to Butterfield and Postma, “environmental health risks refer to the 

potential for exposure to biologic, chemical, physical, and social agents with deleterious 

health consequences (2009, p. 110). Environmental health risks vary by geographical 

region and “unique local features” (p. 112). Fish contaminated by methylmercury is an 
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environmental health risk identified in this study, and warrants further assessment of 

anglers’ exposure to methylmercury through consuming contaminated fish. 

 

Environmental Health Mental Models 

 “Risks are perceived dynamically, with thoughts and feelings contributing to 

citizen’s conclusions about environmental health risks and the impact they can have on 

them” (Butterfield & Postma, 2009, p. 112). Tangible environmental health risks are 

more trepidus than intangible risks. Butterfield and Postma explain that people base their 

response to environmental health risks on previous experience (2009). For example, an 

angler with no previous knowledge of local fish consumption advisories may have no 

concern for regularly consuming large predatory fish. Conversely, an angler with 

previous knowledge of fish consumption advisories may adhere to the suggested safe-fish 

eating guidelines and avoid the risk for methylmercury exposure. 

 

Environmental Risk Reduction Intervention 

“Environmental risk reduction interventions delivered by health providers, can 

either directly mitigate EH risks or indirectly alter the mental models pathway, such that 

citizens act to change their risk” (Butterfield & Postma, 2009, p. 111). The environmental 

risk reduction intervention concept is based on the notion that people can take active part 

in risk reduction through informed decision-making. Providing ample education and 

motivation promotes behavioral change to reduce or prevent environmental health risks. 

Standard risk reduction information results in less information integration and overload 

(Butterfield & Postma, 2009).  
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Fish consumption advisories implemented by federal, state, tribal, and local 

governments are an attempt to provide standard risk reduction information for safe fish 

consumption.  Facilitating risk communication and education on fish consumption 

advisories to populations such as anglers, represents environmental risk reduction 

intervention by empowering them to make informed and safe fish-eating decisions.      

 

Definition of Terms 

 

Concepts used frequently throughout this study are defined below: 

Angler:  Men or women who fish recreationally for wild-caught, regionally 

specific fish (Lincoln et al., 2011).  Operational definition:  This will be defined as 

recreational anglers who participate in the fishing contest. 

Awareness:  Possessing knowledge of local fish advisories, including “fish 

species, fish size, fishing location, and consumption frequency” guidelines (Kuntz, Hill, 

Linkenbach, Lande, & Larsson, 2009, p. 756).  Operationally, this will be measured 

through fish advisory message awareness survey questions completed by participating 

anglers.  

Risk:  “A measure of the probability that damage to life, health, property, and/or 

the environment will occur as a result of a given hazard” (NRC, 2000, p. 342).  

Operational definition: Operationally, this will be measured through fish consumption 

survey questions completed by the anglers, relative to the methylmercury concentration 

measured in anglers’ hair samples, to determine how fish consumption is contributing to 

the risk of methylmercury exposure in this population. 
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Exposure:  “An event that occurs when there is contact at a boundary between a 

human and the environment with a contaminant of a specific concentration for an interval 

of time.” (NRC, 2000, p. 340). Operationally, exposure will be measured by analyzing 

methylmercury concentration in hair samples taken from participating anglers.  

Fish consumption patterns:  Observing fish consumption in populations in order 

to evaluate beneficial constituents versus risks of eating fish (Stern & Korn, 2011). 

Operational Definition: This is defined as type, amount, frequency, and source of fish 

consumed, and will be measured by fish consumption survey questions completed by 

participating recreational anglers. 

Fish consumption advisory:  Guidelines provided by federal, state, tribal, and 

local governments regarding consumption exposure dangers and safe fish-eating 

measures (Kuntz, et al., 2009). Operational Definition: This is defined as anglers’ 

knowledge of current advisories, including local information, and will be measured 

through fish advisory message awareness survey questions completed by participating 

recreational anglers. 

 

Assumptions 

 

1. The study’s survey tool will measure recreational anglers’ methylmercury 

risk and risk communication preferences. 

2. The participating recreational anglers will respond to the survey accurately 

and to the best of their ability. 

3. Recreational anglers who participate in the study fish for local, wild-caught 

fish. 



   

 

 

15 

Limitations 

 

One limitation to this study is time constraints, which could restrict the number of 

subjects and amount of data collected for the project.  This is a limitation because small 

sample size could negatively affect the “believability of the study’s statistical findings” 

(Norwood, 2010, p. 235).  This limitation was controlled as much as possible by choosing 

highly populated recreational days, such as fair weather days, and being available for data 

collection most days the contest was held. 

 Accessibility to anglers is another possible limitation. Due to a daily catch limit 

of 100 fish (Mack Days, 2010a), most anglers maximize their time on the water and 

return to the fish station at dark for fish tallying. Because it is often late, this may limit 

the number of anglers who are willing to answer the survey and provide a hair sample. 

This limitation was controlled as much as possible by performing the data collection in an 

efficient and timely manner, so not to significantly prolong anglers’ stay at the fish 

station. 

 

Organization of the Remainder of the Study 

 

The next chapter provides a review of relevant literature, examining current and 

classic research of recreational anglers’ fish consumption patterns and advisory 

awareness, as well as documented outcomes of actual methylmercury exposure testing in 

angler subpopulations. Chapter III presents the study’s methodology and provides a 

description of participant selection, sample setting, study design, and procedures for data 

collection and analysis. In Chapter IV, the results of the study’s collected data from the 
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survey and hair sampling tools are presented. Chapter V discusses the data analysis and 

research findings, and offers recommendations for further research. 
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CHAPTER TWO 

 

 

REVIEW OF THE LITERATURE 

 

 Exposure to methylmercury can potentially cause adverse health effects in 

humans. Fish consumption is the main source of human exposure to methylmercury. A 

search of relevant and current literature was performed in order to understand the effects 

of methylmercury. This chapter discusses the literature search process, including search 

engines and inclusion criteria, and relevant studies regarding methylmercury, to assist in 

gaining knowledge of methylmercury risk, awareness, and exposure from fish 

consumption.  

 

Description of Literature Search 

 

 The databases used for this literature search were the Cumulative Index of 

Nursing and Allied Health Literature (CINAHL), Medline, Web of Science, and PubMed. 

The terms searched within each database were, “fish consumption patterns,” “advisory 

awareness,” “risk communication,” “methylmercury exposure,” and “recreational 

anglers.” To further narrow the search, the terms were searched in combination; for 

example, “fish consumption patterns” and “advisory awareness” was one combination of 

terms utilized in the search process. Inclusion criteria for the search were as follows: 

Human subjects, articles written between the years 2006-2011, peer-reviewed, full-text, 

and those written only in English.  

 To supplement current literature, an additional hand search was performed for 

classic literature written by founding methylmercury researchers. A hand search was also 
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carried out to establish literature concerning methylmercury exposure, fish consumption, 

and neurodevelopmental and cardiovascular studies. Lastly, government and other trusted 

websites such as the United States Environmental Protection Agency (U.S. EPA), the 

United States Food and Drug Administration (U.S. FDA), and the American Heart 

Association (AHA) were utilized in order to gather current advisory recommendations 

and health impacts of fish consumption. After eliminating articles based on non-

relevancy, inclusion criteria, and duplication, 27 articles were ascertained for the 

literature review.   

 

Discussion of Search Results 

 

Benefits and Risks of Fish Consumption 

For the past decade, much scientific research and recommendations have emerged 

regarding health benefits and risks of fish consumption. Most information on this topic 

concerns balancing the benefits of omega-3 fatty acids found in fish with the adverse 

effects of methylmercury, also found in fish. Because research shows omega-3 fatty acids 

and methylmercury affect the neurological and cardiovascular systems both adversely 

and beneficially, recommendations for adequate and practical fish consumption can be 

challenging (Stern & Korn, 2011).  

 

Cardiovascular Studies-Benefits:  In 2002, The AHA issued a scientific statement 

regarding the beneficial effects of omega-3 fatty acids on the cardiovascular system 

(Kris-Etherton, Harris, & Appel, 2002). Several clinical trials and epidemiological studies 

have shown that omega-3 fatty acids help reduce incidence of cardiovascular disease 
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(CVD) and cardiac events such as death, nonfatal myocardial infarction (MI), and 

nonfatal stroke. Additionally, omega-3 fatty acids may decrease progression of 

atherosclerosis in patients with coronary disease. A 30-year follow-up of the Chicago 

Western Electric Study concluded that men who consumed at least 35 g of fish on a daily 

basis had a relative risk of death from coronary heart disease (CHD) of 0.62 and a 

relative risk of non-sudden death from MI of 0.33 (compared to men who had no fish 

consumption). The Nurses’ Health Study is another CHD study that examined women’s 

fish consumption patterns. The researchers reported that women who ate fish one to three 

times per month, once per week, two to four times per week, and greater than five times 

per week had a 21%, 29%, 31%, and 34% lower risk for CHD death than women who ate 

fish less than once per month (Kris-Etherton, et al., 2002).  

 After numerous human studies involving hypotriglyceridemic effects of omega-3 

fatty acids, a dose-response relationship was established for omega-3 fatty acid intake 

and triglyceride lowering. According to the AHA scientific statement, a review by Harris 

“reported that approximately 4 g/day of omega-3 fatty acids from fish oil decreased 

serum triglyceride concentrations by 25% to 30%” (Kris-Etherton et al., 2002, p. 2750). 

 In support of the U.S. FDA fish consumption recommendations, the AHA also 

recommends eating approximately 12 ounces of fish per week. The AHA endorse the 

restriction recommendations placed on women of childbearing age, women who are 

pregnant, women who are breastfeeding, and young children by the U.S. FDA and U.S. 

EPA and conclude: 

Consumers need to be aware of both the benefits and risks of fish 

consumption for their particular stage of life...Consumption of a wide 

variety of species within the guidelines is the best approach to both 
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minimizing mercury exposure and increasing omega-3 fatty acid intake 

(2010, p. 2754). 

 

Ayotte et al. (2011) studied the effect methylmercury exposure may have on 

plasma paraoxonase activity. Paraoxonase (PON1) is an enzyme that inhibits oxidation of 

low-density lipoprotein (LDL) and high-density lipoprotein (HDL) through lipid peroxide 

breakdown. The authors report that research suggests, “PON1 inhibits the atherosclerotic 

process by preventing LDL oxidation in the arterial wall” (p. 1077). A decrease in PON1 

activity is therefore associated with increased risk of atherosclerosis and cardiovascular 

disease. Ayotte et al. conducted a questionnaire in the Inuit population of Nunavik, 

Quebec, Canada. This population is known to have high exposure to methylmercury 

through “consuming marine mammal meat, kidney, and liver” (p. 1080). The 

questionnaire contained information on demographics, lifestyle, nutrition, and health 

history. Additionally, blood samples and anthropometric measurements were collected. A 

total of 899 people ranging from ages 18 to 74 years participated in the study. Through 

whole blood sampling, PON1 activity was measured and mercury, selenium, and lead 

concentrations determined. Total cholesterol and triacylglycerol (plasma lipids) were also 

collected. Other collections included phospholipid fatty acid composition and genotyping 

in a participating subsample.  

 After controlling for potential confounding variables, the researchers (Ayotte et 

al., 2011) reported increasing blood mercury concentrations were inversely associated 

with PON1 activity, which prevents LDL and HDL oxidation. Furthermore, the 

researchers reported a positive effect that eicosapentaenoic (EPA) and docosahexaenoic 

(DHA) omega-3 fatty acids (measured through erythrocyte membrane content) had on 
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PON1 activity. In addition to the EPA and DHA benefits, Ayotte et al. noted “blood 

selenium levels appeared to oppose the effect of blood mercury levels on plasma PON1 

activity” (p. 1082).  In conclusion the study the authors stated: 

Results…suggest that methylmercury exposure exerts an inhibitory effect 

on plasma PON1 activity. In addition to being a source of exposure to 

methylmercury, marine foods that are part of the traditional Inuit diet are 

rich in selenium and n-3 PUFAs (poly-unsaturated fatty acids) that may 

offset inhibitory effects of methylmercury on PON1 activity (p. 1082). 

 

 

Cardiovascular Studies-Risks:  Several biomarkers can help depict adverse 

cardiovascular effects. While some are clinical manifestations, such as changes in blood 

pressure, others potentially provide evidence of progressing cardiovascular disease, such 

as atherosclerosis, decreased heart rate variability, and oxidative stress (Roman et al., 

2011). While circumstantial variables play a considerable role in causes of cardiovascular 

disease (genetics, lifestyle patterns, age, gender), exposure to environmental 

contaminants, such as methylmercury, may also be a contributing factor. 

 Atherosclerotic plaque in coronary arteries can impede blood flow, causing 

ischemia and heart cell death. Atherosclerosis is the source for most acute myocardial 

infarctions (Roman et al., 2011). A common measurement of atherosclerotic plaque 

progression is the intima-media thickness (IMT) of the carotid artery. Epidemiological 

studies have observed an association between methylmercury exposure and increased 

IMT.  

 A study performed by Salonen et al. (1995) evaluated dietary intake of fish among 

1833 men aged 42 to 60 years who were without coronary heart disease (CHD), 

cardiovascular disease (CVD), stroke, claudication, or cancer. The researchers examined 
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the relationship between fish diet and mercury and risk for acute myocardial infarction 

(AMI) and death from CHD or CVD. Seventy-three participants experienced an AMI in 

two to seven years and 78 men died; eighteen died of CHD and 24 died of CVD. The 

authors reported, “men who had consumed local non-fatty fish species had elevated hair 

mercury contents” (p. 645). The researchers found that when major cardiovascular risk 

factors were covariates in a Cox Model, fish consumption and mercury were significantly 

associated with increased risk of AMI, death from CHD and CVD, and causes of any 

death. Those men whose mercury exceeded 2 μg/g had twice the risk of AMI than men 

with lower mercury levels. The authors concluded the findings suggest a high intake of 

mercury from fish consumption is associated with increased risk for AMI and mortality 

from CHD and CVD risk.  

A recent study by Choi et al. (2009) examined a sub-population of male members 

of the Faroese whaling society who had participated in an exposure examination study in 

1998 (n = 70). Of the original 70, fifty-four males participated in Choi et al.’s exposure 

examination study. Twenty-six of the 41 men who provided detailed whale consumption 

data reported eating three or more whale meals per month. Measurements of exposure 

included long-term exposures to methylmercury (measured by toenail clippings, scalp 

hair, and whole blood collection), heart rate variability (HRV), cardiovascular functions 

(CVF) (blood pressure and heart rate), and carotid atherosclerosis (measured by common 

carotid IMT).  

 Results from the study revealed a wide range of mercury exposure, “where the 

highest mercury concentration was 50-fold higher than the lowest in toenails and hair” 

(Choi et al., 2009, p. 370). The cardiovascular examinations showed increases in systolic 



   

 

 

23 

and diastolic blood pressure and in IMT, with toenail clipping samples as the best 

exposure predictor. Based on examination results, the authors report this study supports 

previous studies related to similar biomarkers at lower exposure levels. The authors 

conclude that, “at highly increased methylmercury exposures, this study supports the 

notion that methylmercury from seafood may promote the development of cardiovascular 

disease” (p. 372). 

 Heart rate variability (HRV) is another measurement used to observe 

cardiovascular health and adaptation. Controlled by the autonomic nervous system, HRV 

is a marker of how the autonomic nervous system is functioning; “decreased HRV is a 

common feature of cardiovascular disease and predicts increased risk of cardiovascular 

mortality…” (Roman et al., 2011, p. 609). Researchers have consistently associated 

decreased HRV with methylmercury exposure.  

A recent study by Valera et al. (2011a) explored the effects of methylmercury 

exposure on blood pressure and cardiac autonomic activity within the Cree population in 

James Bay, Quebec, Canada. Seven hundred ninety-one adults over the age of 18 years 

participated in the study. Participants completed questionnaires about age, sex, smoking 

history, education, and physical activity. Additionally, health history was gathered 

through medical files and blood samples, and anthropometric and physiological 

assessments were collected during a clinical evaluation. Blood mercury levels and hair 

samples were used to examine recent and long-term methylmercury exposure. Heart rate 

variability was also analyzed through Holter monitoring for 663 of the 971 participants. 

 Results of blood mercury level tests revealed that 11% of participants were 

“considered at ‘increased risk’ according to health Canada recommendations (100-500 
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nmol/L) while two individuals had mercury levels in the range of concentrations 

considered ‘at risk’ (≥ 500 nmol/L)” (Valera, et al., 2011a, p. 1267). Moreover, blood 

pressure measurements demonstrated that 28.5% of the participants had systemic 

hypertension, while 20.7% were taking medication for hypertension and/or arrhythmia. 

After adapting for confounding variables, the researchers reported, “blood mercury was 

significantly associated with LF (P=0.0002) [low frequency], HF (P=0.004) [high 

frequency], and LF/HF ratio (P=0.003) [HRV parameters]” (p. 1267). After adjusting for 

confounders, the researchers reported observing no significant association between blood 

and hair mercury levels and blood pressure. However, the researchers did observe a 

“significant [negative] association with HRV parameters even at mercury levels that are 

lower than those observed in previous studies” (p. 1268).  

 Another study assessing how methylmercury exposure influences blood pressure, 

resting heart rate, and HRV was conducted with French Polynesian adults and teenagers 

(Valera et al., 2011b). A total of 189 adults and 117 teenagers (12 to 17 years old) 

participated in the study. Data collection consisted of a questionnaire (age, gender, 

alcohol consumption, smoking, and anti-hypertensive treatment), anthropometric 

measurements, heart rate monitoring, including HRV analysis, blood pressure 

measurements, and laboratory analyses, which included mercury, selenium, plasma 

lipids, insulin, and total fatty acid composition.  

 Fifty-three adult participants (29.4%) had blood mercury levels of “increased 

risk” and three (1.7%) were “at risk.” Moreover, five teenagers (4.9%) had blood 

mercury levels of “increased risk” in accordance with recommendations from Health 

Canada. After adjusting for fish nutrients and risk factors related to HRV, Valera et al. 
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(2011b) reported an association between mercury exposure and decreased HRV among 

teenagers. Additionally, the authors found some decreased HRV parameters related to 

blood mercury levels among the adult participants, “but the differences only approached 

the significance level” (p. 7). The authors also reported no significant differences in heart 

rate, pulse pressure, or blood pressure in relation to blood mercury levels in either the 

adult or teenager participants.   

 Oxidative stress affects the cardiovascular system by causing inflammation, 

vasoconstriction, and lipid peroxidation, which can create endothelial cell damage. As a 

result, diseases such as arrhythmias, hypertension, and atherosclerosis can occur (Roman 

et al., 2011). Epidemiological studies have suggested methylmercury exposure can cause 

oxidative stress, thus contributing to cardiovascular disease development.  Grotto et al. 

(2010) studied possible associations between mercury exposure and oxidative stress 

among fish-eating populations in the Brazilian Amazon. A total of 108 people (54 women 

and 54 men) participated in the study; participants were recruited from 12 different 

villages. Blood and hair samples were collected for evaluation of oxidative stress 

biomarkers and blood and hair mercury levels. 

 Average blood mercury was 39 g/L and average hair mercury 9.9 g/L; men had 

significantly higher concentrations of blood and hair mercury levels than women (Grotto 

et al., 2010). The authors reported a significant association between oxidative stress and 

mercury exposure biomarkers. Additionally, women showed a significant association 

with all mercury exposure biomarkers and two measured oxidative stress biomarkers, 

while men showed significant relations with one mercury biomarker and one oxidative 

stress biomarker. The authors concluded, “Despite the nutritional benefits of fish 
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consumption, these findings have many implications for the health of these fish-eating 

communities exposed to elevated levels of mercury” (p. 810).  

 A review by Roman et al. (2011), directed by the U.S. EPA, assessed current 

research concerning the impacts methylmercury exposure may have on cardiovascular 

health. The authors reported out of four major epidemiological studies examining an 

association between methylmercury exposure through fish consumption and myocardial 

infarction (MI), three studies reported significant positive associations. Based upon their 

review analysis, the authors stated, “Overall, we believe the link between methylmercury 

and MI is plausible, given the range of intermediary effects for which some positive 

evidence exists and the strength and consistency across the epidemiological studies for 

MI” (p. 611). Furthermore, the reviewers recommended the “development of a dose-

response function relating MeHg [methylmercury] exposures with MI, for use in 

regulatory benefits analyses of future rules targeting Hg [mercury] emissions” (p. 607). 

 In the same review, Roman et al. (2011) reported that although several studies 

have observed a link between methylmercury exposure and blood pressure and 

hypertension, the specific measure of the association has differed between studies. 

Because of this inconsistency, the authors concluded the evidence that methylmercury 

exposure affects blood pressure is “weak” (p. 610).   

 

Neurodevelopmental Studies-Benefits:  DHA, an omega-3 fatty acid, is found to 

contribute to early neurodevelopment. Studies have linked DHA to improved visual 

acuity, intelligence, increased behavioral attention, memory, and language 

comprehension (Daniels, Longnecker, Rowland, & Golding, 2004; Oken et al., 2005). 
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While fish consumption does pose possible risks for methylmercury exposure, studies 

suggest eating one to two servings per week appears to be a substantial benefit to child 

brain development. 

  As part of the Seychelles infant-mother studies beginning in the years 1989 and 

1990, the researchers examined cognitive and behavior outcomes in relation to fish 

consumption and prenatal methylmercury exposure (Davidson et al., 2011). The study 

took place at 17 years from the start of the child development study and consisted of 705 

of the original 779 subjects.  Prenatal mercury was measured from maternal hair samples 

and postnatal mercury from hair samples taken from each participating child. 

Neurocognitive and behavioral testing consisted of a questionnaire followed by paper and 

pencil and computer-based testing.  

 For subjects completing at least one neurocognitive development endpoint test, 

the mean total prenatal methylmercury exposure was 6.9 ppm (n = 462). The researchers 

reported improved performance and no association between prenatal methylmercury 

exposure and 26 of the 27 endpoints that were measured (Davidson et al., 2011). The 

endpoint, “referrals to a school counselor” (p. 715), was the only adverse association with 

prenatal methylmercury exposure. The authors conclude these findings appear to “reflect 

the role of beneficial nutrients present in fish…[suggesting] that ocean fish consumption 

during pregnancy is important for the health and development of children and that the 

benefits are long lasting” (p. 711).  

 In another portion of the Seychelles Child Development Study, Davidson et al. 

(2008) assessed the relationship between prenatal methylmercury exposure and 

visuospatial ability 10.7 years into the study. The researchers used the Bender Visual 
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Motor Gestalt Test, stating it is “used widely as an objective measure of the 

developmental level of visual-motor integration in children…” (p. 454). Two tasks were 

measured within the test, the Copying Task and the Reproduction Task. Maternal hair 

samples were also collected to determine prenatal methylmercury exposure.  

 The mean methylmercury exposure in the study’s participants (n = 613) was 6.83 

ppm (Davidson et al., 2008). Results showed no association between prenatal 

methylmercury exposure from consuming fish and the Bender Copying Task. When 

considering one outlier in the study’s results, a significant adverse association was noted 

between prenatal methylmercury exposure and the Reproduction Task portion of the 

Bender test (when the outlier was excluded, no association was observed). The authors 

reported, “In a population whose exposure to MeHg [methylmercury] is from fish 

consumption, we continue to find no consistent adverse associations between MeHg and 

visual motor coordination” (p. 453). 

 

Neurodevelopmental Studies-Risks:  Because methylmercury crosses the 

placenta, fetal methylmercury exposure correlates with maternal exposure. Substantial 

neurodevelopmental abnormalities in children from high levels of methylmercury 

exposure have been well documented in episodes such as the Minimata Bay, Japan and 

Iraq contaminations (Bakir et al., 1973; Harada, 1995). Moreover, asymptomatic, sub-

clinical effects have been recorded in studies that have examined methylmercury 

exposure in lower levels (Grandjean et al., 1997, 1998). Cognitive and psychomotor 

function deficits in children have been associated with methylmercury exposure through 

fish consumption.  
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 While examining cord blood mercury levels and neurodevelopment, 

Jedrychowski et al. (2007) found an inverse association between mercury exposure and 

cognitive and psychomotor test scores of 12 month olds (n = 374). While the cognitive 

deficit in 12 month olds was higher because of mercury exposure, the effects appeared to 

be reversible and insignificant at 24 and 36 months of age. Moreover, the researchers 

found that many environmental factors play a crucial role in the reversal process, one 

being maternal education. The authors stated, “One can assume that observed 

performance deficit due to prenatal mercury exposure at 12 months of age may be leveled 

off or concealed in the second or third year of life by favorable and challenging socio-

cultural environment…” (p. 1060).    

 Davidson et al. (2010) examined data previously collected from the Seychelles 

Child Development Study to determine any associations between fish consumption, 

mercury exposure, and scholastic achievement in the main cohort of child participants 

enrolled in the study in 1989 (n = 779). Neurodevelopmental data was collected on the 

cohort at ages 6, 19, and 29 months and at 5.5, 9, 10.5 and 17 years of age; for this study 

the data collected at nine and 17 years of age were used. Examination scores were 

assessed in relation to prenatal and postnatal mercury exposure analysis. A third 

examination called the Southern and Eastern African Consortium for Monitoring 

Educational Quality (SACMEQ), issued to a sub-group of the original cohort (n = 215) in 

2000, was also analyzed in relation to prenatal and postnatal mercury exposure.  

 The mean mercury level for the prenatal samples was 6.89 ppm. The nine-year 

child hair mercury level was 6.09 ppm and the 17-year child hair was 8 ppm (Davidson et 

al., 2010). Although the researchers reported no consistent association between prenatal 
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or postnatal mercury exposure and either the nine-year or 17-year examination scores, 

significant adverse associations were noted between SACMEQ examination scores and 

postnatal exposure in the male cohort only. The authors reported a significantly higher 

postnatal mercury exposure for this subgroup than found in the overall cohort.  

 Research suggests the health benefits and adverse effects of fish consumption 

target the same endpoints, in opposite directions. Omega-3 fatty acids found in fish are 

reported to contribute to a decreased incidence of CVD, nonfatal MI, nonfatal stroke, and 

atherosclerosis in people with coronary disease (Kris-Etherton et al., 2002). DHA and 

selenium are also found to inhibit atherosclerotic progression caused by methylmercury 

(Ayotte et al., 2011). Moreover, a dose-response relationship between omega-3 fatty acid 

intake and triglyceride lowering has been established because of omega-3 fatty acids’ 

hypotriglyceridemic effects (Kris-Etherton et al., 2002). 

 On the opposite endpoint, researchers have linked adverse cardiovascular effects 

to methylmercury exposure. Biomarkers such as increased carotid artery IMT (which 

contributes to atherosclerotic plaque development), decreased HRV, increased oxidative 

stress, and less consistently, changes in blood pressure, have been reported in association 

with methylmercury exposure through fish consumption (Choi et al., 2009; Grotto et al., 

2010; Valera, et al., 2011a, 2011b). Additionally, studies have reported such strong 

association between methylmercury exposure through fish consumption and MI that 

expert reviewers have recommended developing a dose-response function for regulatory 

benefits analysis for methylmercury exposure and MI (Roman et al., 2011). 

 As with cardiovascular endpoints, fish consumption also affects similar 

neurodevelopmental endpoints both beneficially and adversely. Results of current 



   

 

 

31 

findings from the Seychelles Child Development Study reported no association between 

methylmercury and visual motor coordination and improved neurocognitive development 

performance with fish intake (Davidson et al., 2008, 2011). However, another portion of 

the Seychelles Child Development Study found significant adverse associations between 

examination scores and postnatal methylmercury exposure in the participating male 

population (Davidson et al., 2010). Moreover, a study examining cord blood mercury 

levels in association to neurodevelopment reported an inverse association between 

mercury exposure and cognitive psychomotor test scores of participating 12 month olds; 

while a cognitive deficit was found in the 12-month-old cohort, effects seemed reversible 

and insignificant by 24 and 36 months of age (Jedrychowski et al., 2007). 

 

Fish Consumption Patterns 

Methylmercury accumulates throughout the bodies of aquatic animals such as fish 

and shellfish.  All fish, regardless of size, are found to contain methylmercury (NRC, 

2000). The highest concentrations of methylmercury are found in predatory fish such as 

tuna, swordfish, king mackerel, shark, and whale.  Consumption of contaminated fish is 

the major source of human exposure to methylmercury in the United States (NRC, 2000).  

While fish provides an excellent source of protein and omega-3 fatty acids 

essential for cardiac health and brain development, vulnerable populations that regularly 

consume fish contaminated with methylmercury may be at risk for adverse health effects. 

Consequentially, much of the current literature reflects researchers’ interest in the fish 

consumption patterns of previously established vulnerable populations as well as 

populations that may be at risk, such as anglers.  
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A study assessing methylmercury exposure in Wisconsin surveyed more than 

2,028 adult volunteers through a fish consumption questionnaire (Knobeloch et al., 

2007). The participants were asked to estimate the average number of times they ate fish, 

including canned tuna, fish consumed in a restaurant, fresh or frozen fish purchased and 

prepared at home, and the amount of sport-caught fish they consumed during the last 12 

months. They were asked to record the number of meals they consumed in each category 

per week and per month.  

Results of the study indicated a monthly mean consumption of 7.7 meals per 

month. The consumption totals were as follows: Twenty-nine percent of meals were 

purchased and prepared at home; 24% were tuna consumption (of the 3,701 tuna meals, 

1,898 were albacore tuna); 25% were consumed at restaurants; and 17% were 

consumption of sport-caught fish. While the types of fish eaten were comparable between 

men and women, the study reported that women ate more tuna and men ate more sport-

caught fish. Upon hair mercury analysis involving the same participants, those who 

reported eating sport-caught fish had hair mercury levels averaging 1.5 times higher than 

those who ate commercial fish (mean mercury levels in men who ate sport-caught fish 

were 1.37 μg/g and in women were 0.77 μg/g). Based on the study’s findings, the 

researchers concluded, “exposure to methylmercury is widespread and men may be a 

previously unrecognized high risk population” (p. 205). 

A study conducted in the Great Lakes region by Imm et al. (2005) reported 

similar results, where greater than 80% of adults had eaten some type of fish during the 

previous 12 months. The study found that although the percentage of men and women 

who ate fish was almost equal, more men ate sport-caught fish, while more women 
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consumed tuna. The average number of fish meals eaten were 44 per year of commercial 

fish and 53 per year of sport-caught fish, while just 7% of the sport-caught meals eaten 

were fish from one of the Great Lakes.  Only a small percentage of men (10%) and 

women (3%) ate Great Lakes sport-caught fish more than the recommended 35 times a 

year, or approximately three times per month. 

A study by Lincoln et al. targeted recreational anglers residing in coastal 

Louisiana (2011). The researchers conducted a fish consumption questionnaire that 

inquired of types of fishing practices anglers held, fish consumption within three months 

of the survey, and sources of fish consumed. Participants were recruited at boat launches 

and fishing tournaments and totaled 534 adult anglers who were primarily male. Results 

of the survey revealed that seven percent of the participants reported eating fish once per 

month or less; 55% ate fish once per week; 36% ate fish three times per week; and two 

percent ate fish once per day. Anglers reported eating 79 types of fish. Most common 

types included shrimp, speckled trout, crab, red drum, and crawfish. Unlike the general 

United States population who mainly eats commercial fish, 64% of fish-meals and 74% 

of estimated mercury intake by all participating anglers were recreationally caught. Upon 

hair analysis coupled with the fish consumption survey the researchers reported high 

levels of methylmercury in the study’s participants. Moreover, the results suggested the 

exposure in this population is due mainly to frequent consumption of fish species 

containing low to moderate amounts of methylmercury.  

Another angler study held in Louisiana took a random sample of 6,064 residents 

who purchased fishing licenses in 2008 (Katner et al., 2011). Most of the participants 

were Caucasian males between 40 and 59 years old. The survey questions consisted of 
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demographics, fishing practices, consumption patterns, and fish advisory awareness in 

the 12 months preceding the survey. Most of the participants in the study reported eating 

commercial or sport-caught fish. The mean monthly fish-meal consumption for all 

combined fish was approximately four meals per month or 44 meals per year. Similar to 

the coastal Louisiana study, the most frequently consumed sport-caught fish were drum, 

speckled trout, and catfish. Compared to the coastal Louisiana angler study, where 64% 

ate sport-caught fish, sport-caught fish consumption in this study comprised half of the 

total fish consumed (48-51%) by the participants. However, according to the researchers, 

both Louisiana studies’ “estimates are higher than the proportion of sportfish eaten by the 

general public” (p. 1039). 

Burger and Campbell (2008) studied anglers’ fishing and consumption patterns in 

Tennessee. The study area was located along the Clinch River, where three nuclear 

facilities operate. According to the researchers, discharge from all three facilities flow 

into the Clinch River. Participants in the study included 202 anglers who fished the study 

area; 95% of the anglers interviewed were male. The survey included questions regarding 

respondents’ fishing practices and fish consumption patterns.  

The results of the study concluded that approximately 35% of the anglers 

interviewed did not eat fish, and only 38% of the 65% who did eat fish consumed fish 

from the study area (Burger & Campbell, 2008). Of the 38% who ate fish from the study 

area, 23% ate striped bass, 20% ate catfish, and 22% ate sauger; all three species are 

under advisory in the Clinch River. Only about 27% of the anglers interviewed who 

caught and consumed fish in the study area reported eating fish species exclusively not 

under advisory. The average fish meals reported totaled 37 grams of fish per day, with 
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nearly 73% of the participants eating fish either under advisory or a combination of those 

under consumption advisory and those not under advisory. The researchers concluded 

that almost 77% of the anglers consumed over Tennessee’s established recommended 

amount of 6.5 grams of fish per day. Additionally, the researchers reported: 

Unlike previous studies of fish consumption, this study indicated that a 

smaller proportion of anglers ate their fish, and those that ate the most 

were the high income anglers for this fishing population…This suggests 

that targeting only low income, low education anglers will miss some 

people who are most at risk (p. 335). 

 

 Mayfield, Robinson, & Simmons (2007) studied the fish consumption patterns of 

anglers in King County, Washington. The researchers looked at marine fish, shellfish, 

and freshwater fish consumption amongst participating anglers in various locations 

throughout King County. Three different surveys were utilized to collect consumption 

information at public parks, common fishing places, and boat launches. Marine fish 

caught with greatest frequency by the respondents were sea perch, sole, salmon, crabs, 

and shrimp. Freshwater fish most regularly caught by the anglers included perch, trout, 

salmon, bass, and bullhead. The results of the survey revealed the anglers commonly 

planned to keep their catch for individual consumption (20-66%) or to share with others 

(35-57%). Others reported they used their catch as bait (2-20%), implemented catch and 

release (9-64%), or gave it away (5-26%). The mean consumption rate for marine and 

shellfish meals was 53 g/day and 25 g/day, while the mean consumption rate for 

freshwater fish was 10 g/day. Based on the results of the study, the authors concluded 

that marine consumption by King County anglers is higher than the general United States 

population, as reported by the U.S. EPA. Moreover, the researchers reported the 

freshwater consumption rates for anglers in King County were “lower than the U.S. EPA 
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default consumption rate for recreational anglers, suggesting that the use of the U.S. EPA 

default consumption rate for King County freshwater anglers may result in overestimates 

of exposure” (p. 611).  

 Although most studies report equal fish consumption between males and females 

(Imm et al., 2005; Knobeloch et al., 2007), findings suggest males are eating a higher 

percentage of sport-caught fish than females (Imm et al., 2005; Katner et al., 2011; 

Knobeloch et al., 2007; Lincoln et al., 2011). Moreover, one study reported 38% of the 

fish consumed by participants were under local advisory for mercury (Burger & 

Campbell, 2008), while another study reported the freshwater consumption rates for 

anglers is higher than the general U.S. population (Mayfield et al., 2007). Based on 

findings suggesting males eat more sport-caught fish, researchers from one study 

proposed, “…men may be a previously unrecognized high risk population” (Knobeloch et 

al., 2007, p. 205).    

 

Methylmercury Exposure 

 While the consequences of high-dose methylmercury ingestion have been well-

documented (Bakir et al., 1973; Harada, 1995; NRC, 2000), adverse effects found in 

chronic low-dose ingestion are gaining recognition. Research suggests that even in low-

dose amounts, methylmercury has the potential to cause neurological effects such as 

developmental delays, learning disabilities, and attention deficits in fetuses, infants, and 

children (Grandjean et al., 1997, 1998). Methylmercury exposure has also been linked to 

adverse cardiovascular impacts such as myocardial infarction, atherosclerosis, increased 

oxidative stress, and decreased heart rate variability at both high and low levels of 
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exposure (Choi et al., 2009; Grotto et al., 2010; NRC, 2000; Roman et al., 2011; Salonen 

et al., 1995; Valera et al., 2011a, 2011b). 

 While studying Louisiana recreational anglers’ fish consumption habits and 

methylmercury exposure, Lincoln et al. (2011) found the participants’ exposure to 

methylmercury came from consuming low-to-moderate methylmercury fish species, 

rather than high-methylmercury species. Upon performing hair sample analysis on 

participating anglers, the researchers reported methylmercury exposure levels from 0.02 

to 10.7 μg/g (median = 0.81 μg/g; mean = 1.1 μg/g). In comparison to the U.S. EPA’s 

reference dose of 0.1 μg/kg/day, 38% of the anglers had a hair methylmercury 

concentration of >1 μg/g, which matches the reference dose, while 13% had a 

concentration of >2 μg/g; this level “has been associated with adverse cardiovascular 

outcomes in adult men” (p. 247). Eighty-nine percent of the study’s participants were 

males with an average age of 45 years. The researchers noted high exposure levels, such 

as those found in this study’s participants, are primarily caused by a “wide range of 

recreationally caught fish, many of which are regionally specific” (pg. 250). Because of 

this, national or locally issued fish advisories may not protect unique angling populations 

who consume regionally specific species containing low-to-moderate methylmercury 

concentrations.  

 Another study including participants in Wisconsin reported methylmercury 

exposures exceeding the U.S. EPA’s reference dose (Knobeloch et al., 2007). Of the 

2,028 hair sample donors, fifty-two percent resided in a home where at least one person 

had a Wisconsin fishing license. Hair samples resulted in mercury levels of 0.012 to 15.2 

μg/g (mean = 0.714 μg/g). Twenty-nine percent of the male participants exceeded the 
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U.S. EPA reference dose of 1 μg/g, while 13% of female participants exceeded the 

exposure guideline. The results suggested the highest levels of mercury were in those 

with less than 12 years of formal education or a household with an annual income greater 

than $75,000. According to the researchers, “These seemingly inconsistent results likely 

reflect consumption of mercury-contaminated fish among subsistence fishermen and their 

families, and among higher income families that may eat large, predatory marine fish or 

enjoy sport fishing as recreational activity” (p. 207). 

 While effects of high-dose methylmercury exposure has been well established 

through the Minamata Bay, Japan and Iraq episodes (Bakir et al., 1973; Harada, 1995), 

some studies are finding moderate to high levels of exposure through consuming 

recreationally caught fish with low-to-moderate levels of methylmercury. The researchers 

noted because the high exposure levels are caused primarily by a diverse amount of 

recreationally caught fish that are regionally specific, national and state issued advisories 

may not offer protection to anglers who are consuming low-to-moderate methylmercury 

contaminated, regionally specific fish (Lincoln et al., 2011). Additionally, another study 

assessing methylmercury exposure through fish consumption reported 29% of males and 

13% of females exceeded the U.S. EPA exposure guideline. The researchers reported 

subsistence fishermen and their families, and families with higher incomes were likely 

consuming mercury-contaminated fish (Knobeloch et al., 2007). 

 

Risk Communication 

The National Research Council (NRC) defines risk as a “measure of probability 

that damage to life, health, property, and/or the environment will occur as a result of a 
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given hazard” (2000, p. 342), and risk communication as “an interactive process of 

exchange of information and opinion among individuals, groups, and institutions” (U.S. 

Public Health Service, 1995, p. 1). According to Derrick, Miller, & Andrews (2008), 

“The challenge to risk communicators is not only to decide when to release information 

to the public but also in what form to deliver these data” (p. 312). Because risk 

communication messages are oftentimes issued for diverse populations, tailoring the 

message to successfully reach everyone can be difficult. After extensive research and 

collaboration, fish consumption advisories have infiltrated the media. The research 

continuum is therefore in search of whether the advisory recommendations are reaching 

target populations and if so, whether the benefits and risks of eating fish are maintaining 

their poise, or if confounding messages are causing one to outweigh the other. 

 While considering fish consumption advisories, Tan, Ujihara, Kent, & 

Hendrickson (2011) noted the unique challenges of mercury advisories because they must 

appeal to both the angling population, who are predominately male, as well as the more 

restrictive advisories issued for populations such as women of childbearing age. Burger, 

Shukla, Fitzgerald, Flores, & Chess (2008) noted that although risk communication 

advisories for fish consumption are available, compliance rates are many times low due 

to inaccessibility, apathy, or mistrust. Past studies have similarly reported that, “many 

anglers and other sport-fish consumers do not read, understand, retain, or rely on official 

fish consumption advisories or recommended consumption guidelines” (Westphal, 

Longoni, LeBlanc, & Wali, 2008, p. 47). 

 Derrick, Miller, & Andrews (2008) studied anglers in an at-risk community to 

determine the success of a community-based risk reduction intervention designed for 
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subsistence anglers. The study’s target population was located in Augusta-Richmond 

County, Georgia, near a Superfund site. According to the authors, Augusta-Richmond 

County was in the top 10% of most polluted counties in the United States, and many of 

its residents had minimal access to health promotion or aided healthcare. The waters in 

the area are contaminated with mercury and many have fish consumption advisories 

issued by the Georgia Department of Natural Resources. The population resides in a 

public housing neighborhood with 850 individuals (all African American). After 

participants were screened for inclusion criteria, 19 who met the study’s criteria and 

completed both the pretest and posttest were included. Sixty-nine percent of the 

participants were female. On average, the residents’ annual income for a four-person 

family was $5,448. Around 40% of the adults did not have a high school education and 

most had literacy levels of seventh-to-eighth grade.  

Upon initial risk assessment, a community-based risk communication pilot 

intervention was implemented. According to the authors, “the risk communication 

program focused on: “(1) eating a reduced number of large, bottom-feeding fish in favor 

of eating smaller, younger fish, (2) reducing portions to approximately three ounces, (3) 

trimming away skin and fat, and (4) choosing to grill, bake, broil, or deep fry instead of 

pan frying” (Derrick et al., 2008, pp. 314-315). The authors noted the last two methods 

would not decrease mercury levels in fish (which is the contaminant of concern in this 

study), but was a conservative approach to reducing polychlorinated biphenyls (PCBs), 

which were not a concerning contaminant. The community intervention meeting 

consisted of a power point presentation, followed by a visual demonstration including 

fish trimming, fat and skin removal, and a portion size discussion. Brochures from the 
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U.S. EPA were handed out at the end of the demonstration. Four weeks later, additional 

materials were mailed to each participant.  

A pretest and posttest were issued to determine fish consumption knowledge 

improvements. Results suggested mean posttest knowledge scores (M = 71) were higher 

than mean pretest scores (M = 50.43). Additionally, from baseline to posttest, participants 

reported consuming less large fish and healthier portion sizes. The authors concluded, 

“The data from the behavior survey indicated that participants may have been influenced 

to make healthier choices regarding species of fish consumed following risk 

communication” (Derrick et al., 2008, p. 317).  

Another community-based study (Habron, Barbier, & Kinnunen, 2008) assessed 

local understanding of fish consumption advisory risks in Michigan’s Upper Peninsula. 

According to the authors: 

The Agency for Toxic Substances and Disease Registry identifies the 

Upper Peninsula of Michigan as a particular region of concern regarding 

the uncertain effectiveness of fish consumption advisories due to the vast 

rural and isolated nature of the area as well as the relatively large presence 

of Native American populations who may consume larger amount of fish 

(p. 276). 

The study aimed to determine how residents of the Upper Peninsula access fish 

consumption risk communication information, how they interpret the risk information, 

and what they do about the identified risks. The researchers used a mix of face-to-face 

interviews, angler surveys, focus groups, and community gatherings to collect data. 

Approximately 155 people participated in the study; results suggested most of the 

participants have little or no concern for consuming fish (including locally-caught fish). 

Many reported their lack of concern was due to the fish being local, fresh, and/or caught 
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by local commercial fishermen, whom they considered trustworthy. Some placed trust in 

the government and retail markets. One woman stated, “because of what you buy in the 

store, trust that the federal government is regulating what kind of fish they can sell, if it 

has a stamp of approval then it should be safe” (p. 283). Other participants expressed they 

were not concerned about fish consumption risks because there was no evidence of 

adverse health impacts in their community. According to the authors, one angler reported 

“he has been eating fish forever and [is] still around” (p. 282). 

When focus group participants were asked what sources they used for attaining 

fish consumption information, thirty-eight percent reported media sources and 16% 

reported the Department of Natural Resources (DNR). When anglers at access sites were 

asked the same question, forty-nine percent reported the DNR or the fish license guide 

and 47% stated they obtained their information from media sources. The most frequently 

identified sources of information amongst male anglers were the fishing license guide 

(49%), media sources (42%), and other people (13%). Female anglers reported media 

sources (64%), other people (29%), and the DNR or fishing guide (21%). When asked 

which source was the most reliable for fish consumption information, both focus group 

and angler participants identified the DNR (40% and 47% respectively). When 

considering media sources, most of the participants stated the fish information the media 

portrayed is often times confusing. The researchers reported, “In their minds, one day 

they would read about all of the benefits of eating fish, and the next day they would read 

about how fish posed a health risk due to contamination. This inconsistency led to doubt 

and apathy” (Habron et al., p. 288).  
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Burger et al. (2008) developed a risk communication brochure for Hispanic 

women of childbearing age and found it effective for the target audience. In their study, 

the researchers set out to determine whether the brochure was suitable for anglers. 

According to Burger et al., “Even with consumption advisories, compliance is usually not 

high, suggesting that risk communication is either not reaching the target audience, the 

message is not believed, or people choose not to follow the advice” (2008, p. 892). The 

study took place along the Newark Bay Complex, which is one of the most polluted 

waterways in the United States. A total of 151 anglers were interviewed for the study. 

The participants were given a choice to read the brochure in either Spanish or English, 

which was followed by a survey covering fish consumption, advisories, reasons for 

fishing the waterway, and demographic information. Most of the 151 participants 

reported themselves Hispanic, while 32% were women. Ninety-four percent stated the 

brochure was easy to understand. More than half believed it was detrimental to eat the 

fish from the Newark Bay Complex (n = 70%), and 62% reported consuming the fish 

from the targeted waterways was harmful to developing fetuses. While almost 75% stated 

they believed the brochure, only 30% reported they would change any of their fish 

consumption patterns after reading it. 

A qualitative study by Tan et al. (2011), sought to address the “need for in-depth 

information about consumer’s beliefs, thoughts, and reactions that ultimately affect their 

understanding of and compliance with fish advisories” (p. 1097). The study took place in 

California, where a number of fish advisories have been issued throughout the state for 

contaminated water bodies. The researchers performed 46 key informant interviews of 

men and women who fish and consume fish from the Sacramento-San Joaquin Delta; 
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numerous species are under advisory due to elevated mercury levels in the Delta. 

Twenty-eight of the 46 interviews were in-depth, lasting 40 to 60 minutes and covered 

two areas: (1) “What are some of the conceptual principles that influence understanding 

of fish advisory information?” and (2) “What are the impressions of, and reactions to, fish 

consumption advice as presented in various existing formats?” (p. 1098). The other 18 

interviews conducted were shorter in duration (approximately 20 to 30 minutes) and 

assessed the following: (1) “What visual tools best relay advisory information such as 

recommended portion sizes,” and (2) “What language is best to use in conjunction with 

visual tools” (p. 1098).  

The authors of the study (Tan et al., 2011) identified four themes from the 

interview results:  

 Theme 1: “Advisories that rely on controlled portion sizes are not likely to be effective” 

(p. 1098). When participants were asked whether fish consumption advisories influenced 

portion size, the overall response was that amount of fish eaten in one setting was not 

influenced by advisory recommendations.   

 Theme 2: “Interpretation and acceptance of fish advisories are strongly influenced by 

personal beliefs” (p. 1098). Tan et al. found anglers (from novice to expert) were 

influenced more by prevailing personal beliefs about the safety of fishing and fish 

consumption than by any advisories. The authors reported the top three most influential 

sources were past experiences, opinions held by trusted sources such as friends and 

family, and fishing magazines. No participant listed government-issued information as a 

substantial source of information. Participants were more likely to accept advisory 
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information if it did not contradict existing personal beliefs or if the information was new 

knowledge and did not exclusively speak of consumption limits.  

 Theme 3: “Advisory elements that are barriers to communication” (p. 1100). The authors 

reported that numerous visuals utilized in the interviews caused confusion and rejection 

of advisory information among the participants. The main reasons for the confusion 

include: “Poorly understood key terminology, misleading category headings, ineffective 

visual tools, different advice for different populations, and missing fish” (pp. 1100-1102). 

 Theme 4: “Effective methods for communicating advisory concepts” (p. 1102). Tan et al. 

identified four concepts that were effective in delivering advisory messages to the 

participants: portion sizes, mercury meters, advice categories, and population definitions. 

Participants reported it was helpful to have a reference point to determine adequate 

portion size when eating fish; the most positively understood reference point was a visual 

of an adult hand holding a fish fillet from palm to knuckles as a portion of six to eight 

ounces. Participants associated the round mercury meter to a speedometer, “interpreting 

high to mean ‘danger’ or ‘stop,’ and low to be ‘safe,’ making it an effective low-literacy 

tool” (p 1102). Additionally, participants reported three advice categories (high, medium, 

and low) was more intuitive than two categories (high and low), which created confusion 

for middle-range advisory recommendations. Lastly, when describing sensitive and less 

sensitive advisory populations, participants reported terminology was less ambiguous 

when using age specific categories such as “women ages 18 to 45, especially pregnant 

and breastfeeding women,” rather than terms such as “women of childbearing age” (p. 

1103). 
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Westphal et al. (2008) studied anglers’ views of eating sport-caught fish from the 

Calumet Region, located in northwest Indiana and southeast Chicago. The Calumet 

Region was once the epicenter of the Midwest United States steel-making industry. 

While active industry still exists in the Calumet Region, the Region is an eclectic area of 

old landfills, brown fields, businesses, residential neighborhoods, and recreational areas 

such as wetlands, public parks and water bodies. Although the Calumet Region’s 

waterways vary greatly in contamination level, people fish in several of them. Both 

Illinois and Indiana publish booklets annually that contain fishing regulations and fishing 

advice and recommendations. These booklets are generally in all locations where fishing 

licenses are sold. Along with state and federal government websites that have fish 

advisory information, the published booklet is the main outreach tool for fish 

consumption risk communication for the angling population.    

The researchers in the study set out to determine anglers’ reasons for fishing the 

Calumet Region. The study was a qualitative, ethnographic design, which interviewed 

anglers on the following topics: “Why they are fishing, what they do with the fish they 

catch, how they perceive and assess the risks of eating locally-caught fish, and how 

perceptions of risk influence their behaviors” (Westphal et al., 2008, pp. 46-47). The 

researchers chose participant observation and impromptu interviews as their methods to 

gain information. Approximately 170 people participated in the study, which took place 

along 31 different fishing sites in the Calumet Region. Of the three main ethnic groups 

representing the participants, approximately 93% of African Americans, 78% of Latinos, 

and 57% of Whites reported at least occasionally fishing for consumption in the study’s 

targeted waterways. Sixty-eight percent of African Americans, 50% of Latinos, and 20% 
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of Whites reported they usually fished for consumption. When asked about fish 

consumption risks, 23 participants discussed their beliefs about “which information is 

useful in risk assessment, which is not, and what people can or should do to control risk” 

(p. 55). A majority of the participants stated there was no way to discern which risk 

information to believe or trust. While some based their lack of trust on their own personal 

experiences or beliefs about fishing the Calumet Region, others reported the enjoyment 

of eating their catch outweighed the health risks. Other participants felt there were no 

safe food consumption choices. 

Thirty-nine anglers were queried about their preferred risk communication 

information sources. Although many of the participants were aware of state-issued fish 

consumption advisory content, most never mentioned the information as a primary source 

for risk communication. Many reported receiving the information second-hand from 

other anglers, media reports, or fishing programs on television. Of the participants who 

had read the official government-issued information, most stated it had been a long time 

ago, or they could not remember the specific source. Lastly, the researchers found that 

many of the participating anglers “relied heavily on personal knowledge gained from 

experience and observation when making decisions about fishing and assessing fish 

consumption risks…over warnings or information from all others sources” (Westphal et 

al., 2008, p. 56). 

 

Fish Consumption Advisory Awareness 

 The U.S EPA and the U.S. FDA last issued a federal fish consumption advisory in 

2004. The advisory targets at-risk populations, such as women of childbearing age, 
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women who are breastfeeding, and families with young children, as well as provides 

general fish consumption recommendations. As of 2008, all states in the U.S. have issued 

fish advisories for geographical and water body specific areas. Many of the risk 

communication messages can be located on state and national websites, fishing license 

brochures, and fishing access sites (U.S. EPA, 2011c; Kuntz et al., 2010). 

 A study performed in Wisconsin, which included 978 men and 1,050 women 

participants (all adults), reported 95% of the subjects were aware they had to limit 

consumption of particular kinds of fish because of mercury. Additionally, 77% knew of 

the sport-caught advisory issued for Wisconsin; awareness of the sport-caught advisory 

was greater among men (83%) than women (71%). The researchers also reported 

awareness rates of 89% for licensed anglers and 86% for sport-caught fish consumers 

(Knobeloch et al., 2007).  

 Katner et al. (2011) reported similar findings in a Louisiana angler study. Out of 

1,745 participants, 58% had “seen, read, or heard about fish consumption warnings for 

LA (Louisiana)” (p. 1042). Additionally, of the 205 participants who made comments, 

“sixteen percent indicated a need for improvements in education on health warnings and 

recreational fishing” (p. 1042). A higher percentage of women of childbearing age knew 

of the benefits of eating fish (75%) than were aware of fish consumption advisories 

(53%). Moreover, the researchers reported 73% of all participating anglers knew of the 

health benefits of eating fish. 

 A study targeting the Great Lakes (GL) region (Imm et al., 2005) reported about 

half of the participants who ate fish from the GL region were aware of the advisory 

issued by their state health department. Men were four times more likely than women to 
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know about their state’s fish advisory content. The researchers reported that, “most GL 

fish consumers who were aware of the advisories issued by their state complied with 

them” (p. 1328). While compliance rates were 63 to 77 percent, the recommendation that 

held the least validity was restricting the “amount of fish that should be eaten in a given 

period of time” (p. 1328); only 52% of the respondents reported complying with this 

advisory recommendation.  

 In order to assess the U.S. population’s fish consumption advisory awareness, the 

U.S. FDA conducted two cross-sectional surveys in 2001 and 2006. An analysis of these 

surveys suggested the population’s awareness increased from 69% to 80% (Lando & 

Zhang, 2011). Knowledge of advisory content also increased as a whole; however, the 

researchers found target populations such as women of childbearing age did not have 

greater knowledge or awareness of fish advisories than the general population. 

Additionally, the researchers noted the survey could not “capture groups that were not 

covered by the national advisory, such as anglers or subsistence fishermen that may be 

covered by some state and local advisories” (p. 449). 

 

Awareness of Benefits and  

Risks of Fish Consumption 

A survey conducted by Burger (2008) examined whether overall advisory 

awareness had increased since the 2004 joint issued national advisory, if fish 

consumption had changed as a result of the advisories, and whether the participants 

believed the advisory warnings. The study took place at Rutgers University in central 

New Jersey and included college students and university employees. Among the 

participants, eighty-three percent reported eating fish, with a mean average of 7.2 meals 
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per month. Only 8% of fish-meals reported were sport-caught fish, while 92% of fish 

meals were either eaten at restaurants or were purchased and prepared at home.  

Among the study’s participants, over 90% had heard of the benefits of eating fish, 

while 78% knew of the risks associated with fish consumption (Burger, 2008). Of the 

78% who were aware of fish consumption risks, many did not know whether the 

advisories were for freshwater or saltwater fish, and only 75% of all participants believed 

the advisory warnings. When asked about the most trusted source to receive health 

information on benefits and risks of eating fish, doctors were mentioned most frequently. 

The author concluded that this finding suggests doctors and other health care 

professionals should be at the forefront in communicating “health benefits and risks, the 

trade-offs involved, and how to minimize risk from chemicals while increasing the health 

benefits” (p. 115).    

Greiner, Clegg Smith, & Guallar (2010) tracked news coverage of fish as a health 

issue over a 15- year period. The researchers followed 10 U.S. news sources and 

discovered a total of 310 news stories in 15 years on the health issues of fish 

consumption. Out of 310 news stories, 212 (68%) covered health issues of mercury in 

fish, while only 62 stories (20%) focused on the health benefits of eating fish. Another 36 

stories (12%) covered fish safety concerns other than mercury.  

A total of 195 health benefit messages were included in the 310 overall news 

stories (Greiner et al., 2010). According to the researchers, health benefit messages were 

more frequent after the year 2001. Additionally, the health benefits messages varied with 

“prevention or reduction of CVD (cardiovascular disease) [as] the most commonly 

featured health benefit (35%), followed by depression (11%) and by benefits to fetal 
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development (8%)” (p. 1790). Health risks from fish consumption most often reported 

were fetal development concerns (32%) and general neurological problems not specific to 

fetal development (32%). Overall, the authors concluded that fish consumption risk 

messages outweighed fish consumption benefit messages four to one, suggesting the 

“imbalance may mean that benefits of fish may get lost among the risk messages” (p. 

1791).  

A qualitative study by Bloomingdale et al. (2010) researched pregnant women 

who ate fish infrequently. The researchers examined the women’s knowledge, behaviors, 

and council they received about fish consumption while pregnant, in order to determine 

the cause for their infrequent fish consumption. Over a period of six months, the 

researchers conducted five focus groups that included a total of 22 participating pregnant 

women. Target questions focused on what the women knew about the benefits and risks 

of eating fish, where or who their fish consumption advice came from, what type fish 

consumption patterns they held, and if these patterns had changed since pregnancy.  

Out of 22 participants, 10 (45%) had knowledge that fish contains mercury. 

Sixteen participants had a notion that mercury is “dangerous and can affect neurological 

development” (Bloomingdale et al., 2010, p. 1236). Of the four fish recommended in the 

national fish advisory that pregnant women should avoid, eight women were able to list 

swordfish. Most of the participants could not name any of the other three fish species 

listed. When the researchers inquired which fish are higher in mercury, some of the 

participating women stated larger fish, fish “high on the food chain,” “deep sea fish,” or 

“predatory” fish (p. 1236), while others listed fish not high in mercury such as catfish, 

shrimp, and shellfish. According to the authors, many of the women listed tuna as a fish 
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they most often or liked to eat, but several of them were confused about which type they 

could eat.  

When researchers inquired about omega-3 fatty acids and DHA, many 

participants had no recollection of what they are; eight women (36%) reported they are 

“supposed to have a positive health affect” (Bloomingdale et al., 2010, p. 1236), and five 

of the eight knew they helped with brain function. Others mentioned benefits such as 

“your cholesterol” and “good for your eyes” (p. 1236). Additionally, a number of the 

women named salmon as a fish that is generally healthy and high in omega-3 fatty acids.  

When asked about who or where they received fish consumption advice, some 

reported receiving information from their obstetrician or midwife, but most reported 

never receiving any guidance on fish consumption and advisory recommendations. Of the 

women who had received advice, most reported the advice was to limit fish intake; none 

reported receiving advice to eat fish to increase DHA intake and “very few of the women 

were told which types of fish they could eat” (Bloomingdale et al., p. 1236).   

Studies show fish consumption advisory awareness has increased in the past 

decade (Imm et al., 2005; Katner et al., 2011; Knobeloch et al., 2007; Lando & Zhang, 

2011). While the number of issued advisories and advisory awareness has increased, 

several studies show low compliance to fish consumption recommendations due to 

personal experience, confusion and/or mistrust in advisory information, and general 

apathy (Burger et al., 2008; Habron et al., 2008; Tan et al., 2011; Westphal et al., 2008). 

Furthermore, studies suggest risk communication messages targeting fish consumption 

risks are outweighing fish consumption benefit messages (Bloomingdale et al., 2010; 

Greiner et al., 2010), which may be contributing to a decrease in overall fish intake in 
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target populations, and mistrust and apathy toward fish consumption advisories 

(Bloomingdale et al., 2010; Burger et al., 2008; Tan et al., 2011).  

 

Gaps in the Literature 

 

 While the risk of neurodevelopmental health effects in fetuses, infants, and 

children has warranted national and local fish consumption advisories for women of 

childbearing age, other possible at-risk populations have yet to be determined. One such 

population with possible high fish consumption habits and therefore methylmercury 

exposure risk is the angler population. Although few studies have targeted anglers, some 

findings suggest this population is at risk for exposure to methylmercury through fish 

consumption, low advisory awareness, or low compliance to advisory recommendations 

(Habron et al. 2008; Lincoln et al., 2011; Tan et al., 2011; Westphal et al. 2008).  

 In the past decade, research has suggested methylmercury exposure is a 

contributor to adverse cardiovascular health effects. While studies associating 

methylmercury exposure to cardiovascular complications have made progress in 

providing moderate to strong evidence, other findings prove inconsistent (Roman et al., 

2011). Future studies regarding cardiovascular effects of methylmercury exposure are 

vital in determining dose-response levels and fish consumption recommendations for 

possible at-risk populations. 

 Another gap involves benefit and risk awareness in fish consumption. As 

awareness increases due to increasing numbers of issued fish consumption advisories, 

studies are needed to determine whether people are following recommendations. At 
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present, studies show risk communication may be overshadowing nutritional messages, 

causing a decrease in fish consumption (Bloomingdale et al., 2010; Greiner et al., 2010). 

 The goal of this study is to determine methylmercury risk, awareness, and 

exposure in recreational anglers. The results of the study will provide further insight to 

whether this population is at risk for methylmercury exposure. Additionally, the study’s 

questionnaire will contribute to the monitoring of advisory awareness, effectiveness of 

available advisory resources, and compliance within the angling population.  
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CHAPTER THREE 

 

METHODOLOGY 

 

The purpose of this study was to examine fish consumption patterns, fish advisory 

awareness, risk communication preferences, and actual methylmercury exposure among 

recreational anglers. This chapter will discuss the methodology of the research, which 

includes the study’s population and sample, design, procedures for data collection and 

analysis, and the instrumentation that was utilized. Additionally, the researcher will 

discuss the importance of the human rights of the subjects, including the measures the 

researcher conveyed to ensure the subjects’ rights were protected.  

 

Population and Sample 

 

The target population for this study was anglers, which is defined as men or 

women who fish recreationally for wild-caught, regionally specific fish (Lincoln et al., 

2011). The sample population was anglers in a rural northwestern state participating in a 

fishing contest at a lake located on one open American Indian reservation. Many of the 

anglers who participate in the contest are frequent and skilled fishermen. This specific 

sample was used in the study because sampling the entire population would be difficult 

due to limiting factors such as time constraints, financial resources, and large 

geographical distances between bodies of water within the state.  

Although this particular fishing contest was utilized for the study’s sample 

population, the intent of the researcher was to capture the anglers’ overall fish 

consumption patterns, fish consumption advisory awareness, risk communication 
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preferences, and methylmercury exposure; this includes fishing practices and 

consumption patterns outside of the contest and/or the lake where the contest is held. The 

interest was not exclusively whether the sample population keeps or eats their catches 

during the fishing contest only, nor was the interest exclusively the anglers’ consumption 

patterns or practices involving the fish found in the water body hosting the contest. 

 A convenience sample was used for this study and was “comprised of elements 

that meet established eligibility criteria …” (Norwood, 2010, p. 234). Eligibility criteria 

for this study included:  The subject is 18 years of age or older; the subject is an angler 

officially enrolled in the designated fishing contest, affiliated with an angler who is 

enrolled in the contest (e.g. family member riding in the boat with the angler), or 

affiliated with the fishing contest in some other manner (e.g. an angler volunteering to 

help filet’ the donated fish caught during the contest); and the angler must be able to 

comprehend the researcher’s consent, survey, and other data collection measures. 

A statistical power analysis was performed in order to identify the appropriate 

sample size needed for this study. The researcher used G*Power 3.1 (Faul, Erdfelder, 

Buchner, & Lang, 2009), to determine sample size. Input parameters included a two-tail 

test, with a medium effect size of 0.30, power of 0.80, and significance level of 0.05. A 

two-tailed test was used because it allows the researcher to “consider extreme values in 

either tail of the sampling distribution” (Norwood, 2010, p. 321), therefore allowing for 

both a positive or negative relationship. Effect size was determined based upon 

standardized recommendations that a medium effect size is often used as the default. The 

level of significance was also the standard preset p value of 0.05 within the power 

analysis program (Faul et al., 2009). Power of 0.80 was chosen, in order to prevent the 
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possibility of a Type II error and bring greater validity to the study’s results (Norwood, 

2010). The result of the statistical power analysis reported a required total sample size of 

82 subjects. In 2011, the fishing contest had an approximate combined (spring and fall 

contests) enrollment of 600 adult anglers (Mack Days, 2010b, 2010d); the researcher 

sought 82 to 100 participants for the study.  

Sampling for the study was performed primarily by the researcher at a fish station 

designated for the contest. The study’s participants were recruited from anglers enrolled 

in the fishing contest who were turning in their daily fish catch at one of the designated 

fish stations. The researcher had an information table at the fish station, including 

informative material about methylmercury, the purpose of the study, and sampling 

materials.  

 

Study Design 

 

This study used a quantitative, descriptive, cross-sectional design. Quantitative 

research is defined as a “collection of numerical data and statistical analysis of those data 

to answer the study’s questions” (Norwood, 2010, p. 30). This type of design was chosen 

to quantify the data and describe the measurable characteristics of the research questions. 

In a descriptive study, “there is no identifiable independent or dependent variable and the 

relationship between variables is not of interest” (Norwood, 2010, p. 206). Variables of 

interest were derived from the study’s research questions, which are as follows:  

1. What are the fish consumption patterns of recreational anglers participating in 

a northwestern state’s local fishing contest? 
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2. Are recreational anglers aware of local fish consumption advisories and if so, 

what level of knowledge do they have regarding specific content within the 

advisory message? 

3. What are the risk communication preferences of recreational anglers? 

4. Are recreational anglers exposed to methylmercury through fish 

consumption?  

A cross-sectional method of surveying and hair sampling was used to collect data 

during one scheduled fishing contest. The contest of interest for this study took place 

from March 16, 2012 through May 20, 2012. Fishing days included Fridays, Saturdays, 

and Sundays only, with the exception of 10 consecutive fishing days from May 11 to 

May 20 (Mack Days, 2010e).  

 

Instrumentation 

 

Survey Tool 

 The survey tool that was used for data collection in this study is a questionnaire 

developed for a previous methylmercury study (Kuntz, Stevens, Lambert, & Ward, 

2008). For the purpose of this study the survey was adapted to reflect appropriateness for 

the sample recreational angler population. The survey included open-ended, closed-

ended, and Likert scale item responses. See Appendix A for the actual survey. 

 The original survey was developed to collect information on a population 

receiving Special Supplemental Nutrition Program for Women, Infants, and Children 

(WIC) (United States Department of Agriculture [USDA], 2012) services. The sample 

population included women receiving WIC on an open American Indian reservation in a 
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rural western state. The goal of the questionnaire was to gather data “regarding 

commercial and locally caught fish consumption, knowledge and advisory awareness, 

risk communication preferences, and demographics” (Kuntz et al., 2009, p. 755), in order 

to determine methylmercury risk and awareness among this population.  

 The participants in the research study provided verbal consent prior to filling out 

the survey. A research assistant was responsible for providing the survey to each 

consented participant during the participant’s regularly scheduled WIC (USDA, 2012) 

appointment. The research assistant entered completed questionnaires into a secure 

computer program, in order to maintain anonymity throughout the data collection period 

(Kuntz et al., 2009).  

 The tool was reviewed by two tribal consultants and was adapted to reflect the 

cultural and education needs of the sample population. “The survey was then re-

examined for clarity and appropriateness by a diverse group of state health officials and 

tribal health professionals” (Kuntz et al., 2009, p. 755). Once revisions were complete, 

the researchers published an electronic questionnaire, which was tested by five WIC 

(USDA, 2012) clinic participants. The average time for survey completion equaled 

approximately 10 minutes.  

 

Hair Sampling Procedure 

The hair sampling protocol utilized for this study replicated the sampling 

procedures from the same methylmercury study as the survey tool (Kuntz et al., 2008). 

The protocol was specifically generated to keep from contaminating the sample with 

trace-metals and was adopted from the procedures carried out by Pellizzari, Fernando, 
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Cramer, Meaburn, & Bangerter (1999). See Appendix C for the hair collection protocol 

details.  

 

Data Collection and Analysis 

 

Each prospective subject received an informed consent form they were required to 

sign in order to participate in the study. See Appendix D for the informed consent form. 

Once consented, each participant completed a computerized survey questionnaire; 

responses were then entered into a database with identification numbers. Additionally, 

the researcher collected a hair sample provided by participating anglers for hair total 

mercury analysis; the protocol is as follows:  

Hair Total Mercury Analysis - Method 1630 (U.S. EPA, 1998):  Samples 

for mercury analysis are combusted in an oxygen rich atmosphere at 800° 

C. This converts all mercury to the Hg 2+ form. This is swept over a 

catalyst that reduces all oxidized mercury to the elemental form (Hg 0). 

This stream is then directed over a gold amalgamator onto which all the 

elemental mercury adsorbs. Once the combustion of the sample is 

complete and all the mercury has been trapped on the gold, the gold is 

heated and the mercury desorbs and is swept into an atomic absorption 

spectrometer where the mercury is quantified. Unknowns are compared to 

a set of mercury standards of known concentration (Kuntz et al., 2008, p. 

38). 

 

The researcher ensured participant privacy, and no identifying information was 

collected. The researcher emphasized to participating anglers that taking part in the study 

would not influence their fishing contest participation in any way. The researcher adhered 

to a follow-up protocol for any abnormal total mercury levels found among the 

participating anglers. See Appendix E for the abnormal methylmercury protocol. 

Data analysis was derived from the survey and hair sampling collections. 

Procedures for data analysis reflected the original methylmercury study’s protocol: 



   

 

 

61 

Data from the questionnaires and the biological samples will be coded and 

entered into SNAP survey software [Version10.19] and then downloaded 

to Statistical Package for the Social Sciences (SPSS) [Version 18.0], 

statistical software  by the Montana State University-Bozeman, College of 

Nursing research assistants/team members. Missing data will be treated by 

listwise deletion or imputed via SPSS algorithms if appropriate. Data 

analysis…will include descriptive analysis including means and 

frequencies for variables of interest. Some comparisons using chi-square 

and t-test statistics are expected when examining differences between 

groups or exploring trends (Kuntz et al., 2008, p. 38).   

 

 

Consent and Rights of Human Subjects 

 

Prior to data collection, the study was granted approval from the Montana State 

University (MSU) Institutional Review Board (IRB) (MSU IRB, 2011) and Salish 

Kootenai College (SKC) IRB (SKC IRB, 2012) under the original methylmercury study, 

“Methylmercury Risk, Awareness, and Exposure: A Tribal Community-Academic 

Partnership” (Kuntz et al., 2008). Lastly, the researcher successfully completed The 

Protection of Human Research Subjects course through the Collaborative Institutional 

Training Initiative [CITI] (CITI, 2010).  

 Respect for human dignity was considered throughout this research study 

including right to self-determination, right to full disclosure, and right to privacy 

(Norwood, 2010). Right to self-determination is defined as the ability of the individual to 

make their own decision about participating in a research study without “fear or risk of 

incurring a penalty or prejudicial treatment if they decline” (p. 73). Individuals 

considered for this study were given full disclosure of the study, in order to make an 

informed and voluntary decision about participation. Full disclosure included providing 

the individual with the “purpose and nature of the study, what participation will involve, 
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the researcher’s role in the study, the risks and benefits that are likely to be encountered 

as a result of participation, and how study findings will be used” (Norwood, 2010, p. 73). 

Full disclosure information was provided to each prospective participant in a copy of 

informed consent form. Privacy was ensured throughout the entire data collection process 

and no identifying information was collected from any participant. At the end of the 

survey, each participating anglers’ name was entered into a drawing for a $50 gift 

certificate at a local sporting goods store. The drawing took place at the end of the fishing 

contest and the winner announced at the contest’s final awards commencement. 

Summary 

 

This chapter provided an overall methodology of the research study. It included a 

description of the population and sample, the study’s design, methods of data collection 

and analysis, and the tools the researcher utilized to gather information. Lastly, a 

discussion of the importance of the subjects’ human rights and how those rights were 

protected was also included. Chapter four will provide the results from the data 

collection.  
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CHAPTER 4 

 

 

RESULTS 

 

  

 The purpose of this study was to examine fish consumption patterns, fish advisory 

awareness, risk communication preferences, and actual methylmercury exposure among 

recreational anglers participating in a fishing contest in a Northwestern state. 

 This study examined recreational anglers’ exposure to methylmercury through 

survey analysis and hair sampling. These methods sought to evaluate the following four 

research questions: 

1. What are the fish consumption patterns of recreational anglers participating 

in a northwestern state’s local fishing contest? 

2. Are recreational anglers aware of local fish consumption advisories and if so, 

what level of knowledge do they have regarding specific content within the 

advisory message? 

3. What are the risk communication preferences of recreational anglers? 

4. Are recreational anglers exposed to methylmercury through fish 

consumption?  

 

Research Participants 

 

 The angler convenience sampling took place during a fishing tournament from 

March 16, 2012 to May 20, 2012 totaling 34 days. The tournament was held on Fridays, 

Saturdays, and Sundays each week and ended with a consecutive 10-day finale. There 

were 331 adult anglers who competed in the tournament (Mack Days, 2010f). Out of the 
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331 anglers, 31 (9.4%) completed the survey portion of the study and 25 of those 31 

anglers (7.6%) participated in the hair sampling collection. Five males and one female 

did not provide hair samples. The five males did not qualify due to balding and the  

female declined to have her hair sampled.  See Table 1. 

  

 

 

 

 

 

 

 

Demographic Information 

 

 Based on demographic survey questions, participating anglers were categorized 

into gender, age, race, marital status, education, and income. Out of the participating 

anglers, 25 were males (80.6%) and nine were females (19.4%). See Table 2. The 

majority of the participants were 46 years old or older (n = 20). The next largest age 

group was those aged 26-35 (n = 5), followed closely by the 36-45 age group (n = 4). 

Two participants were ages 18-25, and there was no one under 18 years old. See Table 3. 

Figure 1 displays the participating anglers according to gender and age. 

 

 

 

Table 1.   Number of Research Participants 

 n/N M 

Total Tournament Anglers 331  

Total Study Participants 31 9.4 

Survey Participants 31/31 9.4 

Hair Sample Participants 

 

25/31 7.6 

Note. M = mean   
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Figure 1. Participating Anglers According to Gender and Age. 

 

 

The largest reported ethnic group among the participating anglers was White/non-

Hispanic (n = 25), followed by American Indian/Alaskan Native (n = 5). There was one 
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Table 2.  Gender of Participating Anglers 

 n/N M 

Female 

Male 

6/31 

25/31 

19.4 

80.6 

Note. M = mean  

Table 3.  Age of Participating Anglers 

 n/N M  

18-25 

26-35 

36-45 

46+ 

2/31 

5/31 

4/31 

20/31 

6.5 

16.1 

12.9 

64.5 

Note. M = mean  



   

 

 

66 

Hispanic and no Black/Non-Hispanic or Asian/Pacific Islander. No other races were 

represented in the survey. See Table 4. 

 

 

 

 

 

 

 

 

The majority of the participating anglers reported they were married (77.4%). 

Three anglers were single (9.7%), two were divorced (6.5%), and two were members of 

unmarried couples (6.5%). Table 5 displays this information. 

 

 

 

 

 

 

 

All responding angler participants reported having at least a high school 

education. Nine anglers reported having a 12
th
 grade education (30%), while five (16.7%) 

Table 4.  Ethnic Background of Participating Anglers 

 n/N M  

American Indian/Alaskan Native 5/31 16.1 

Black/Non-Hispanic 0/31  

Asian/Pacific Islander 0/31  

Hispanic 1/31 3.2 

White/Non-Hispanic 25/31 80.6 

Note. M = mean   

Table 5.   Marital Status of Participating Anglers 

 

 

 n/N M 

Single 3/31 

 

9.7 

Married 24/31 77.4 

Widowed 0/31  

Divorced 2/31 6.45 

Separated 0/31  

Member of Unmarried Couple 2/31 6.45 

Note. M = mean   
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had some college. Twelve (40%) reported receiving a college degree, either associates or 

bachelors. Four (13.3%) participants had a master’s degree; no degree higher than a 

master’s was reported. One participant did not respond. See Table 6. 

 

 

 

 

 

 

 

When asked whether currently employed or working for pay, 21 (67.7%) anglers 

responded “yes.” Three were currently unemployed (9.7%), six retired (19.4%), and one 

participant did not respond. Three (9.7%) participating anglers reported a joint annual 

income of under $20,000 and three (9.7%) reported a joint annual income of $20,000 to 

$34,999. Eight (25.8%) participants had a joint annual income of $35,000 to $49,999. 

Over half (54.8%, n = 17) of the anglers reported earning $50,000 or more per year. See 

Table 7. 

 

 

 

 

 

 

 

Table 6.  Education Level of Participating Anglers 

 n/N M 

High School 

Some College 

College 

Master’s Degree 

9/30 

5/30 

12/30 

4/30 

 

30 

16.7 

40 

13.3 

Notes. M = mean. One person did not respond. 
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Fish Consumption Patterns 

 

Recreational anglers’ fish consumption patterns were examined through survey 

questions. The questions determined whether the anglers ate purchased and/or locally 

caught fish, species type and size most often eaten, and fish meal frequency. The 

participating anglers also reported the origin of most of their locally-caught fish meals.  

Twenty anglers (66.7%) reported eating purchased fish and 25 (83.3%) reported 

they ate locally-caught fish. When asked of how many fish meals they ate during an 

average month, five anglers (16.1%) reported eating less than one meal of fish per month, 

19 (61.3%) reported two to four meals per month, five (16.1%) reported eating five to 

eight meals per month, and two (6.5%) reported they ate nine or more meals of fish per 

month. Twenty-six anglers (84%) reported eating shellfish over the past month, while 21 

(70%) reported eating fish fillets, fish sticks, or fish sandwiches over the past 12 months. 

Table 7.  Employment and Income of Participating Anglers 

Employment Status 

 n/N M 

Employed 

Unemployed 

Retired 

21/31 

3/31 

6/31 

67.7 

9.7 

19.4 

Joint Annual Income 

 n/N M 

Under $20,000 

$20,000 - $34,999 

$35,000 - $49,999 

$50,000 or more 

3/31 

3/31 

8/31 

17/31 

9.7 

9.7 

25.8 

54.8 

Notes. M = mean. One person did not respond to employment question. 
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When asked about canned tuna consumption, 26 anglers (84%) reported they ate canned 

tuna. Of those who ate canned tuna, 18 (69%) reported eating canned light tuna and 10 

(38%) reported eating canned albacore; two participants reported eating both types. See 

Table 8. 

 

Table 8.  Origin of Fish Consumed and Fish Meals Eaten 

 

 

Fish Consumed 

 

 
n/N 

 

 
M 

 

 
SE 

 

95% CI 

          LL                           UL 

Purchased Fish 

Locally Caught Fish 

20/30 

25/30 

66.7 

83.3 

0.086 

0.068 

0.472 

0.653 

0.827 

0.944 

 

 

Fish Meals 

 

 

n/N 

 

 

M 

 

 

SE 

 

95% CI 

LL UL 

≤ 1 meal per month 

2-4 meals per month 

5-8 meals per month 

≥ 9 meals per month 

5/31 

19/31 

5/31 

2/31 

16.1 

61.3 

16.1 

6.5 

0.07 

0.09 

0.07 

0.04 

0.05 

0.42 

0.05 

0.01 

0.34 

0.78 

0.34 

0.21 

      

Shellfish/Seafood (past month) 

 

Fish fillets, sticks, sandwiches 

(past 12 months) 

26/31 

 

21/30 

84 

 

70 

0.07 

 

0.08 

0.66 

 

0.51 

0.95 

 

0.85 

      

Canned Tuna 

   Light Tuna 

  Albacore Tuna 

 

26/31 

18/26 

10/26 

84 

69 

38 

0.07 

0.09 

0.10 

0.66 

0.48 

0.20 

0.95 

0.86 

0.59 

Notes. M = mean; SE = standard error; CI = confidence interval; LL = lower limit; UL = upper limit. 

 

Among those who ate fish, over half (53.3%, n = 16) reported they ate fish that 

were less than 18 inches in size. Fourteen anglers (46.7%) reported eating fish 18-27 

inches in size. No anglers reported eating fish greater than 27 inches. When asked which 

fish they most often catch or eat, the majority of anglers answered lake trout (67.7%) 
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 (n = 21). Rainbow trout was the next fish most often caught or eaten at 45.2% (n = 14). 

Thirteen anglers reported catching or eating mostly northern pike (41.9%), while 11 

anglers ate lake whitefish (35.5%) and 11 caught or ate kokanee salmon (35.5%) most 

often. Twelve anglers reported mostly catching and eating yellow perch (38.7%), 

followed by brook trout (19.4%, n = 6), cutthroat trout (16.1%, n = 5), largemouth bass 

(12.9%, n = 4), brown trout (9.7%, n = 3), walleye (6.5%, n = 2), and smallmouth bass 

(3.2%, n = 1). See Table 9 and Figure 2.  

 

 

Table 9.  Size and Species of Locally-Caught Fish Most Often Caught or Eaten By Anglers 

 

Fish Size (N = 30) 

 

n 

 

M 

 

SE 

95% CI 

           LL                           UL 

<18 inches 

18-27 inches 

>27 inches 

16 

14 

0 

53.3 

46.7 

 

0.09 

0.09 

 

0.34 

0.28 

0.72 

0.66 

 

Fish Species (N = 31) 

 

n 

 

M 

 

SE 

95% CI 

LL UL 

Lake Trout 

Lake Whitefish 

Kokanee Salmon 

Rainbow Trout 

Brown Trout 

Brook Trout 

Cutthroat Trout 

Northern Pike 

Yellow Perch 

Largemouth Bass 

Smallmouth Bass 

Walleye 

21 

11 

11 

14 

3 

6 

5 

13 

12 

4 

1 

2 

67.7 

35.5 

35.5 

45.2 

9.7 

19.4 

16.1 

41.9 

38.7 

12.9 

3.2 

6.5 

0.08 

0.09 

0.09 

0.09 

0.05 

0.07 

0.07 

0.09 

0.09 

0.06 

0.03 

0.04 

0.49 

0.19 

0.19 

0.27 

0.02 

0.07 

0.05 

0.25 

0.22 

0.04 

0.00 

0.01 

0.83 

0.55 

0.55 

0.64 

0.26 

0.37 

0.34 

0.61 

0.58 

0.30 

0.17 

0.21 

Notes. M = mean; SE = standard error; CI = confidence interval; LL = lower limit; UL = upper limit. 
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Figure 2. Fish Species Most Often Caught or Eaten by Anglers. 

 

 

When asked where anglers’ locally-caught and eaten fish usually came from, 

Flathead Lake was the most reported waterbody (58.1%, n = 18). Other local lakes and 

streams/rivers were reported equally at 25.8% (n = 8). Seven anglers (22.6%) reported 

they caught or ate fish from local valley reservoirs. See Table 10 and Figure 3.  
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Table 10.  Angling Location of Locally-Caught and Eaten Fish 

 

n/N M SE 

95% CI 

LL UL 

Flathead Lake 18/31 58.1 0.09 0.39 0.75 

Streams/Rivers 8/31 25.8 0.08 0.12 0.45 

Lakes 8/31 25.8 0.08 0.12 0.45 

Valley Reservoirs 7/31 22.6 0.08 0.10 0.41 

Notes. M = mean; SE = standard error; CI = confidence interval; LL = lower limit;  

UL = upper limit. 
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Figure 3. Angling Location of Locally-Caught and Eaten Fish.     

 

 

Fish Consumption Advisory Awareness 

 

 Participating anglers were asked what knowledge they had about mercury 

contaminants in fish and whether they have ever read fish advisories included in local or 

state fishing license booklets. Three anglers (9.7%) reported they knew “a lot” about 

mercury contaminants in fish, 20 (64.5%) knew “some,” and eight (25.8%) reported 

knowing “very little.” Twenty-two anglers (71%) reported they have read the fish 

advisories in local and state fishing license booklets. Of those who have read fish 

advisory content (N = 22), three knew “a lot” (13.6%), 15 knew “some” (68.2%), and 

four knew “very little” (18.2%). See Table 11.  
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 The anglers were given 10 statements regarding mercury, fish, and health, 

and could respond “true,” “false,” or “don’t know.” Table 12 displays the answers given 

by all participants (N = 31). See Appendix B for the correct answers. 

 

 

 

 

 

Table 11.  Knowledge of Mercury Contaminants in Fish 

Anglers’ Knowledge of Mercury Contaminants (All) 

  

n/N 

 

M 

 

SE 

95% CI 

LL UL 

A Lot 

Some  

Very Little 

3/31 

20/31 

8/31 

9.7 

64.5 

25.8 

0.05 

0.09 

0.08 

0.02 

0.45 

0.12 

0.26 

0.81 

0.45 

Anglers Who Read Fish Advisory Content in License Booklet 

  

 
n/N 

 

 
M 

 

 
SE 

95% CI 

LL UL 

 

Total 

 

22/31 

 

71 

 

0.082 

 

0.520 

 

0.858 

Anglers’ Knowledge of Mercury Contaminants Who Read Fish Advisory Content 

  

n/N 

 

M 

 

SE 

95% CI 

LL UL 

A Lot 

Some 

Very Little 

3/22 

15/22 

4/22 

13.6 

68.2 

18.2 

0.07 

0.10 

0.08 

0.03 

0.45 

0.05 

0.35 

0.86 

0.40 

Notes. M = mean; SE = standard error; CI = confidence interval; LL = lower limit;  

UL = upper limit. 
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Figures 4, 5, and 6 show answers to the 10 statements that were chosen by the 

anglers who have read fish advisory content in license booklets (n = 22).  

Table 12.  Anglers’ Choices to Statements Regarding Mercury, Fish, and Health 

All Anglers (N = 31) 

Statement True False Don't Know 

Small fish have more mercury than large fish 0 30 1 

Old fish have more mercury than young fish 30 0 1 

Fish that eat other fish have more mercury than fish that 
eat algae or plants 

23 3 5 

Fish that are low in fat have more mercury than fish that 

are high in fat 
7 17 7 

Exposure to mercury increases the risk of cancer 22 3 6 

Exposure to mercury increases the risk of arthritis 8 7 10 

Exposure to mercury increases the risk of heart disease 13 4 8 

Exposure to mercury harms a developing child during 

pregnancy 
29 0 2 

Exposure to mercury can be reduced or eliminated by 
using proper cooking and cleaning techniques 

6 22 3 

The human body can eliminate mercury over time 6 19 6 
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Figure 4. Knowledge on Fish and Mercury (Among Anglers Who Read Fish Advisories). 

 

 

 

Figure 5. Knowledge on Mercury and Health Outcomes (Among Anglers Who Read Fish 

Advisories). 
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Figure 6. Knowledge on Mercury Elimination (Among Anglers Who Read Fish 

Advisories). 

 
 

 When asked the question, “Where would you find the highest level of mercury in 

fish,” the answer most chosen by all participating anglers was the “fat” (48.4%, n = 15). 

Six anglers chose the “muscle” (19.4%), followed by four anglers who answered, “don’t 

know” (12.9%).  Three anglers chose “organs” (9.7%) and three chose “the whole fish” 

(9.7%). Of those who reported reading fish advisory content, 11 chose “fat” (50%), five 

chose “muscle” (22.7%), three answered “the whole fish” (13.6%), two chose “don’t 

know” (9.1%), and one angler chose “organs” (4.5%). No participating anglers chose the 

answer “skin.” See Table 13 and Figure 7.  
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Figure 7. Knowledge of Where Highest Level of Mercury is Found in Fish  

(Among Anglers Who Read Fish Advisories). 
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Table 13.  Knowledge of Where Highest Level of Mercury is Found in Fish 

All Anglers (N = 31) 

  

n 

 

M 

 

SE 

95% CI 

LL UL 

Fat 

Skin 

Muscle 

Organs 

The Whole Fish 

Don’t Know 

15 

0 

6 

3 

3 

4 

48.4 

 

19.4 

9.7 

9.7 

12.9 

15 

 

6 

3 

3 

4 

0.09 

 

0.07 

0.05 

0.05 

0.06 

0.30 

 

0.07 

0.02 

0.02 

0.04 

Anglers Who Read Fish Advisories (N = 22) 

  

 

n 

 

 

M 

 

 

SE 

95% CI  

LL UL 

Fat 

Skin 

Muscle 

Organs 

The Whole Fish 

Don’t Know 

11 

0 

5 

1 

3 

2 

50 

 

22.7 

4.5 

13.6 

9.1 

0.11 

 

0.09 

0.04 

0.07 

0.06 

0.28 

 

0.08 

0.00 

0.03 

0.01 

0.72 

 

0.45 

0.23 

0.35 

0.29 

Notes. M = mean; SE = standard error; CI = confidence interval; LL = lower limit;  

UL = upper limit. 
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Anglers were asked, “How much would you say you know about fish species and 

size guidelines for mercury contaminated fish?” Two anglers reported they knew “a lot” 

about fish species (6.5%), 13 anglers reported knowing “some” (41.9%), eight knew 

“very little” (25.8%), and eight knew “nothing at all” (25.8%) about fish species 

guidelines for mercury contaminated fish. Regarding size guidelines for mercury 

contaminated fish, eight reported knowing “a lot” (25.8%), 18 anglers said they knew 

“some” (58.1%), three knew “very little” (9.7%), and two knew “nothing at all” (6.5%). 

Two anglers reported they knew “a lot” on guidelines for fishing location (6.5%), 11 

anglers said they knew “some” (35.5%), five knew “very little” (16.1%), and four knew 

“nothing at all” (12.9%). Concerning consumption guidelines for mercury contaminated 

fish, five reported they knew “a lot” (16.1%), 12 anglers stated they knew “some” 

(38.7%), seven knew “very little” (22.6%), and seven knew “nothing at all” about 

consumption guidelines (22.6%).  

 Among anglers who reported reading advisory content in fishing license booklets, 

two stated they knew “a lot” about species guidelines (9.1%), 12 knew “some” (54.5%), 

five knew “very little” (22.7%), and three anglers knew “nothing at all” (13.6%). Eight 

anglers reported knowing “a lot” about size guidelines (36.4%), 12 knew “some” 

(54.5%), one knew “very little” (4.5%), and one knew “nothing at all” (4.5%). Regarding 

location guidelines, two anglers reported they knew “a lot” (9.1%), 11 knew “some” 

(50%), five knew “very little” (22.7%), and four knew “nothing at all” (18.2%). Five 

anglers reported they knew “a lot” about consumption guidelines for mercury 

contaminated fish (22.7%), nine knew “some” (40.9%), three knew “very little” (13.6%), 

and five knew “nothing at all” (22.7%). See Table 14 and Figure 8. 
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Table 14.  Knowledge on Fish Species, Size, Location, and Consumption 

Frequency Guidelines for Mercury Contaminated Fish (Among Anglers Who 

Read Fish Advisories) 

Species (N = 22) n M SE 

95% CI 

LL UL 

A lot 2 9.1 0.06 0.01 0.29 

Some 12 54.5 0.11 0.32 0.76 

Very little 5 22.7 0.09 0.08 0.45 

Nothing at all 3 13.6 0.07 0.03 0.35 

      

Size (N = 22) n M SE 

95% CI 

LL UL 

A lot 8 36.4 0.10 0.17 0.59 

Some 12 54.5 0.11 0.32 0.76 

Very little 1 4.5 0.04 0.00 0.23 

Nothing at all 1 4.5 0.04 0.00 0.23 

      

Location (N = 22) n M SE 

95% CI 

        LL                     UL 

A lot 2 9.1 0.06 0.01 0.29 

Some 11 50.0 0.11 0.28 0.72 

Very little 5 22.7 0.09 0.08 0.45 

Nothing at all 4 18.2 0.08 0.05 0.40 

      

Consumption Frequency  
(N = 22) n M SE 

95% CI High 

 

         LL                    UL 

A lot 5 22.7 0.09 0.08 0.45 

Some 9 40.9 0.10 0.21 0.64 

Very little 3 13.6 0.07 0.03 0.35 

Nothing at all 5 22.7 0.09 0.08 0.45 

Notes. M = mean; SE = standard error; CI = confidence interval; LL = lower limit;  

UL = upper limit. 
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 Figure 8. Knowledge on Fish Species, Size, Location, and Consumption Frequency 

Guidelines for Mercury Contaminated Fish (Among Anglers Who Read Fish Advisories). 
 

 

Anglers were asked whether they followed the advisory guidelines for fish 

species, size, location, and consumption frequency. Four anglers reported they always 

follow species guidelines (19%), eight usually follow species guidelines (38.1%), four 

occasionally follow species guidelines (19%), and five anglers reported they never follow 

species guidelines (23.8%). Regarding fish size guidelines, seven anglers reported they 

always follow the guidelines (33.3%), 10 usually follow the guidelines (47.6%), two 

occasionally follow the guidelines (9.5%), and two never follow the size guidelines 

(9.5%). Four anglers reported they always follow location guidelines (19%), nine usually 

follow the guidelines (42.9%), three occasionally follow the guidelines (14.3%), and five 

never follow the location guidelines (23.8%). Four anglers reported they always follow 

consumption frequency guidelines (19%), seven usually follow the guidelines (33.3%), 
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seven occasionally follow the guidelines (33.3%), and three anglers never follow the 

consumption frequency guidelines (14.3%). See Table 15.  

 

Table 15.  Advisory Guideline Compliance (Among Anglers Who Read Fish 

Advisories) 

Species (N = 21) n M SE 

95% CI 

          LL                       UL 

Always 4 19 0.09 5.4 41.9 
Usually 8 38.1 0.11 18.1 61.6 

Occasionally 4 19 0.09 5.4 41.9 

Never 5 23.8 0.09 8.2 47.2 
      

 Size (N = 21) n M SE 

95% CI 

          LL                        UL 

Always 7 33.3 0.10 14.6 57 

Usually 10 47.6 0.11 25.7 70.2 
Occasionally 2 9.5 0.06 1.2 30.4 

Never 2 9.5 0.06 1.2 30.4 

      

 Location (N = 21) n M SE 

95% CI 

          LL                       UL 

Always 4 19 0.09 5.4 41.9 

Usually 9 42.9 0.12 21.8 66 
Occasionally 3 14.3 0.08 3 36.3 

Never 5 23.8 0.09 8.2 47.2 

      

    

Consumption 

Frequency (N = 21) n M SE 

95% CI 

          LL                       UL 

Always 4 19 0.09 5.4 41.9 

Usually 7 33.3 0.10 14.6 57 
Occasionally 7 33.3 0.10 14.6 57 

Never 3 14.3 0.08 3 36.3 

Notes. M = mean; SE = standard error; CI = confidence interval; LL = lower limit;  

UL = upper limit. 
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Risk Communication Preferences 

 

 Survey questions were given to participating anglers regarding their risk 

communication preferences. The anglers were given a list of 17 sources and were asked 

which were useful when looking for health information; choices were, “very useful,” 

“somewhat useful,” “not useful,” or “don’t know.” The top “very useful” source was 

doctors (66.7%, n = 20), the top “somewhat useful” source was the radio (55.2%, n =16), 

and the top “not useful” source was the Women, Infants, and Children (WIC) office 

(66.7%, n =18). See Table 16 and Figure 9. 

 
Table 16.  Ranked Responses of Health Information Sources 

 

Source 

Very Useful 

 

Somewhat Useful Not Useful 

n/N M 

 

n/N 

 

M 

 

n/N 

 

M 

Doctors 20/30 66.7 16/29 55.2 18/27 66.7 

FWP Regulation 

Book 
15/29 51.7 16/30 53.3 18/29 62.1 

Electronic 13/29 44.8 16/31 51.6 13/29 44.8 

Friends/Family 12/30 40.0 14/28 50.0 13/30 43.3 

Fed/State 

Government 
11/28 39.3 14/30 46.7 13/31 41.9 

Newspaper 11/30 36.7 13/29 44.8 9/30 30.0 

Mail-Outs 10/30 33.3 13/30 43.3 8/30 26.7 

TV News 10/31 32.3 12/29 41.4 7/29 24.1 

Tribal Agency 8/29 27.6 12/29 41.4 7/30 23.3 

Magazines 8/30 26.7 12/30 40.0 6/30 20.0 

Tackle Shop Signs 8/30 26.7 11/30 36.7 6/30 20.0 

Radio 6/29 20.7 11/31 35.5 5/29 17.2 

TV Shows 6/30 20.0 10/29 34.5 5/29 17.2 

School 6/31 19.4 9/30 30.0 5/31 16.1 

Grocery Store Signs 3/29 10.3 8/30 26.7 3/28 10.7 

WIC Office 1/27 3.7 7/27 25.9 2/29 6.9 

Pow Wow 0/29 0 7/29 24.1 2/30 6.7 

Note. M = mean 
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Figure 9. Most Useful Health Information Sources. 
 

 

 Out of the 17 listed health information sources, anglers were asked to choose the 

top two they most trusted. Sixteen reported “doctors” as the most trusted (51.6%), 

followed by the newspaper at 29% (n = 9). See Table 17 and Figure 10. 
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Figure 10. Most Trusted Sources of Health Information 
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Table 17.  Most Trusted Sources of Health Information 

Sources n/N M SE 

95% CI 

LL UL 

Doctors 16/31 51.6 0.09 0.33 0.70 

Newspaper 9/31 29.0 0.08 0.14 0.48 

Electronic 7/31 22.6 0.08 0.10 0.41 

Fed/State Government 6/31 19.4 0.07 0.07 0.37 

TV News 6/31 19.4 0.07 0.07 0.37 

FWP Regulation Book 4/31 12.9 0.06 0.04 0.30 

School 4/31 12.9 0.06 0.04 0.30 

Friends/Family 3/31 9.7 0.05 0.02 0.26 

Radio 2/31 6.5 0.04 0.01 0.21 

Tribal Agency 2/31 6.5 0.04 0.01 0.21 

Magazines 2/31 6.5 0.04 0.01 0.21 

Mail-Outs 1/31 3.2 0.03 0.00 0.17 

Cindy at Mack Days 1/31 3.2 0.03 0.00 0.17 

TV Shows 0/31  

   WIC Office 0/31  

   Pow Wow 0/31  

   Grocery Store Signs 0/31  

   Tackle Shop Signs 0/31  

   Notes. M = mean; SE = standard error; CI = confidence interval; LL = lower limit;  

UL = upper limit. 
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Methylmercury Exposure 

 

Hair Total Mercury Analysis 

 Twenty-five anglers (80.6%) provided a hair sample to evaluate methylmercury 

exposure through hair total mercury analysis. Mercury levels ranged from 38 parts per 

million (ppm) to 2,045 ppm and averaged 673 ppm. Of the 25 anglers, one female and 

seven males (32%) had mercury levels over the recommended U.S. EPA reference dose 

of 1000 ppm. Two males had levels two times the recommended reference dose. All eight 

anglers were age 46 or older. See Table 18 and Figure 11.  

 

Table 18.  Hair Total Mercury Analysis of 

Exposed Anglers 

Mercury Level (ppm) 

Males (n = 7) Females (n = 1) 

2003 1087 

1110  

1295  

1175  

2045  

1813  

1417  

Note. ppm = parts per million. 
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Figure 11. Hair Total Mercury Analysis of All Participating Anglers (N = 25). 

 

Hair Mercury Levels and Associated Variables 

 A step-wise variable selection was used to develop multivariate statistical models 

that evaluated the associations between hair mercury levels and demographic, fish 

consumption, and fish advisory awareness variables. A complete multivariable regression 

model was compiled from associations between hair mercury levels that exceeded the 

U.S. EPA reference dose and significant variable predictors. Covariates in all models 

were statistically significant when p-value ≤ 0.1.   
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 Hair Mercury Levels and Demographic Variables:  Hair mercury levels were 

associated with gender, age, marital status, education, employment status and joint annual 

income. As shown in Table 19, hair mercury levels were significantly higher in anglers 

age 46 or older (p = 0.009). Similarly, mercury levels exceeded the U.S. EPA reference 

dose in hair samples of anglers who had more than 12 years of formal education (p = 

0.03).  All other demographic predictors, including gender, demonstrated insignificant 

association with elevated hair mercury level. 

 

Table 19.  Hair Mercury Levels and Demographics Model 

  Variable Coefficient SE p 

95% CI 

LL UL 

Hair Sample 

     Gender -396.39 309 0.21 -1048.32 255.54 

Age 436.66 147.04 0.01 126.43 746.89 

Marital Status -190.47 128.96 0.16 -462.55 81.62 

Education Level 233.05 98.46 0.03 25.31 440.78 

Employment Status -78.044 210.80 0.72 -522.79 366.70 

Joint Annual Income -226.47 160.53 0.18 -565.15 112.21 

Constant -289.66 727.80 0.696 -1825.19 1245.87 

Notes. SE = standard error; CI = confidence interval; LL = lower limit;  

UL = upper limit. Variables in bold are significant at the p ≤ 0.1 level. Hair sample statistics not 

shown.  

 

 Hair Mercury Levels and Fish Consumption Patterns: Hair mercury levels were 

associated with fishing location variables to evaluate if location is a predictor of an 

elevated mercury level. Hair mercury levels were significantly higher in anglers who 

fished in lakes (p = 0.05) than those who did not.  

 Types of fish anglers reported eating were also examined in association with hair 

mercury levels. Based on this association, anglers who ate northern pike, walleye, and 
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brook trout had significantly higher mercury levels (p = 0.01, p = 0.02, and p = 0.04 

respectively) than those who did not. Rainbow trout and reservoirs were both significant 

at the p ≤ 0.1. However, both had negative coefficients, suggesting they were protective 

measures against methylmercury exposure. This finding is arbitrarily due to the small 

sample size and is not significant in the combined regression model. See Table 20.  

 

Table 20.  Hair Mercury and Fish Consumption Patterns Model 

Variable Coefficient SE P 

95% CI 

    LL             UL 

Hair Sample      

Flathead -15.81 378.31 0.968 -888.19 856.58 

Streams -4.40 219.7 0.985 -511.03 502.23 

Lakes 788.24 298.98 0.03 98.79 1477.69 

Reservoirs -614.16 322.82 0.094 -1358.58 130.26 

Lake Trout -278.91 299.25 0.379 -968.99 411.16 

Lake Whitefish -93.38 163.72 0.584 -470.91 284.16 

Kokanee Salmon -155.17 203.76 0.468 -625.05 314.70 

Rainbow Trout -426.78 226.62 0.096 -949.36 95.80 

Brown Trout 173.21 304.01 0.584 -527.83 874.25 

Brook Trout 784.65 249.33 0.014 209.68 1359.61 

Cutthroat Trout -201.76 390.24 0.619 -1101.66 698.14 

Northern Pike 744.05 178.36 0.003 332.75 1155.36 

Yellow Perch -342.01 198.09 0.123 -798.80 114.79 

Largemouth Bass 174.72 321.55 0.602 -566.77 916.21 

Smallmouth Bass 436.76 595.39 0.484 -936.22 1809.74 

Walleye 1296.39 463.05 0.023 228.58 2364.19 

Constant 747.66 359.97 0.071 -82.44 1577.76 

Notes. SE = standard error; CI = confidence interval; LL = lower limit;  

UL = upper limit. Variables in bold are significant at the p ≤ 0.1 level. Hair sample 

statistics not shown. Reservoir and rainbow trout negative coefficients due to small 

sample. 
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 Hair Mercury Levels and Fish Advisory Awareness: Hair mercury levels were 

associated with fish advisory message awareness variables to identify possible predictors 

of an elevated mercury level. Anglers who reported knowing about fish size advisory 

recommendations had significantly lower hair mercury levels than those who did not 

know about size guidelines (p = 0.081). However, anglers who reported following fish 

size advisory recommendations had significantly higher hair mercury levels than those 

who did not follow size advisory recommendations (p = 0.052). See Table 21. 

 

 

 Combined Model of Significant  

 Covariates and Hair Mercury Levels:  A multivariate regression model was 

developed from all statistically significant covariates (p ≤ 0.1). After adjusting for all 

Table 21.  Hair Mercury Levels and Fish Advisory Awareness Model 

 Variable Coefficient SE p 

95% CI 

LL UL 

Hair Sample 

     Read Fishing License Booklet -431.91 372.02 0.267 -1235.61 371.78 

Know About Fish Species 

Advisories -324.36 263.27 0.24 -893.13 244.41 

Know About Fish Size 

Advisories -705.50 373.09 0.081 -1511.52 100.51 

Know About Location 

Advisories 251.98 246.25 0.325 -280.01 783.97 

Know Consumption Advisories 196.62 327.26 0.558 -510.40 903.63 

Follow Species Advisory 125.36 359.12 0.733 -650.46 901.19 

Follow Size Advisory 555.87 260.04 0.052 -5.91 1117.65 

Follow Location Advisory -211.27 313.84 0.513 -889.29 466.74 

Follow Consumption Advisory -177.77 297.70 0.561 -820.91 465.36 

Constant 1615.03 735.57 0.047 95.92 3204.13 

Notes. SE = standard error; CI = confidence interval; LL = lower limit; UL = upper limit. Variables in 

bold are significant at the p ≤ 0.1 level. Hair sample statistics not shown. 
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other variables, those who fished in lakes had a significantly higher hair mercury level (p 

= 0.016) than those who did not fish in lakes. Likewise, anglers who ate northern pike 

had a significantly higher hair mercury level than those who did not eat northern pike.  

 Although only two anglers reported eating Walleye, the association with elevated 

hair mercury levels was significant (p = 0.079). Both anglers were two times over the 

recommended U.S. EPA reference dose with a mean hair mercury level of 2039 ppm. See 

Table 22. 

 

 

 

Table 22.  Combined Model of Statistically Significant Covariates and Hair 

Mercury Levels 

 Variable Coefficient SE P 

95% CI 

LL UL 

Hair Sample 

     Lakes 769.399 222.17 0.005 280.4028 1258.395 

Reservoirs -262.85 256.57 0.328 -827.5463 301.8463 

Rainbow Trout -274.1584 198.39 0.194 -710.813 162.4962 

Brook Trout 405.0318 521.02 0.453 -741.7171 1551.781 

Northern Pike 599.2729 190.46 0.009 180.0725 1018.473 

Walleye 935.8485 330.44 0.016 208.5474 1663.15 

Age 21.85331 110.92 0.847 -222.2836 265.9902 

Education Level 34.99663 65.24 0.602 -108.5958 178.5891 

Know About Size 

Advisories -54.85089 209.77 0.799 -516.5481 406.8463 

Follow Size Advisory 150.1987 109.15 0.196 -90.03405 390.4315 

Constant -65.79072 874.96 0.941 -1991.572 1859.99 

Notes. SE = standard error; CI = confidence interval; LL = lower limit; UL = upper limit. Variables 

in bold are significant at the p ≤ 0.1 level. Hair sample statistics not shown. 
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CHAPTER FIVE 

 

 

DISCUSSION 

 

 

This study evaluated fish consumption patterns, advisory awareness, risk 

communication preferences, and actual methylmercury exposure among recreational 

anglers in order to determine whether anglers are exposed to methylmercury through fish 

consumption. The Translational Environmental Research in Rural Areas (TERRA) 

conceptual framework (Butterfield & Postma, 2009) guided this work.  

The environmental health risks concept in the TERRA framework supports 

identifying methylmercury exposure as an environmental health risk in this study 

(Butterfield & Postma, 2009). Moreover, according to TERRA’s environmental health 

mental model, people base their response to environmental health risk on previous 

experience (Butterfield & Postma, 2009). This concept guided the work to determine if 

mercury exposure risk was lower in those with previous fish advisory awareness. 

Butterfield and Posta (2009) report environmental risk reduction interventions are 

delivered to at-risk populations to help mitigate risk through education and informed 

decision-making. Fish advisories are identified risk reduction intervention tools and 

provide information for safe fish consumption. Advisory content was assessed for 

awareness and effectiveness among the participating anglers, to determine if additional 

environmental risk reduction interventions are needed among the angler population.  
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Summary of Findings 

 

Sample Characteristics 

This study took place within a recreational angling population competing in a 

large fishing tournament. Many of the competitors are expert anglers that commit to 

fishing on a regular basis. Out of the 331 tournament anglers, thirty-one participated in 

the study. The participants were predominantly white men age 40 years or older, which is 

consistent with angling populations in other related studies (Katner et al., 2011; 

Knobeloch et al., 2007; Lincoln et al., 2011). Most participants were married and had 

more than 12 years of formal education, with 40% of them holding a college degree and 

13% a master’s degree. Similarly, over half earned more than $50,000 annually (54.8%) 

and most were retired or held employment. These results are consistent with other study 

findings, where anglers primarily at risk for methylmercury exposure were those with 

higher income (Burger & Campbell, 2008; Knobeloch et al., 2007). Burger and Campbell 

state, “targeting only low income, low educated anglers will miss some people who are 

most at risk” (2008, p. 335). 

 

Fish Consumption Patterns 

Similar to past studies, the majority of participating anglers reported eating 

locally-caught fish (83.3%), which is consistent with the findings that angling 

populations eat more locally-caught fish than the general public (Katner et al., 2011; 

Lincoln et al., 2011). Sixty-one percent of the anglers reported they eat two to four meals 

of fish per month and over half eat fish that are less than 18 inches in size (53%). Though 

46.7% reported they eat fish 18-27 inches in size, none eat fish greater than 27 inches. 
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The fish species most often eaten by this angling population is local lake trout 

(67.7%). The waterbody most often fished by the participating anglers is Flathead Lake 

(58.1%). This is consistent with the tournament location and the tournament’s fish 

species of interest. Perhaps the advisory awareness is increased on this species among 

this population because tournament officials measure the submitted lake trout and keep 

only those that meet the advisory guidelines; this procedure was established to protect the 

population receiving the donated fish. The anglers may benefit from this policy indirectly 

through size advisory awareness for the lake trout species. 

 When associating fish consumption patterns and elevated hair mercury levels, 

anglers who eat northern pike have significantly higher mercury levels than those who do 

not (p = 0.003). Lake trout, which are usually high in mercury contamination, were 

reported as caught or consumed most often by participating anglers. However, no high 

mercury levels were associated with lake trout in this population. This could possibly be 

a result of the anglers catching lake trout but turning most of them into tournament 

officials for tallying purposes, rather than taking them home to eat.  

Brook trout, which usually are low-to-moderate in methylmercury, were 

significantly associated with high hair mercury levels in participating anglers (p = 0.04). 

As past studies have reported, exposure to methylmercury can occur from frequently 

eating fish that are low-to-moderately contaminated (Salonen et al., 1995; Lincoln et al., 

2011). This angling population could be consuming brook trout from locations under 

mercury advisory or consuming more than the recommended consumption guideline of 

two meals per week (Montana Fish, Wildlife, and Parks, 2007), perhaps supporting the 

evidence that methylmercury exposure can be driven by low-to-moderate methylmercury 
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species. Anglers with elevated mercury levels could also be eating brook trout in 

combination with other unreported mercury-contaminated sources.  

 When fishing location and elevated hair mercury were associated, anglers who 

fish in streams/rivers and lakes have significantly higher mercury levels than those who 

do not. Flathead Lake, where the majority of the participating anglers report fishing, was 

not significantly associated with elevated hair mercury levels. This again could be related 

to the fishing tournament, which exclusively involves catching lake trout and turning 

them in for tally and measurement.  

 

Fish Consumption Advisory Awareness 

As previous studies have found, most of the participating anglers reported they 

have read local or state issued fish advisories (Imm et al., 2005; Katner et al., 2011; 

Knobeloch et al., 2007; Lando & Zhang, 2011). When asked about species, size, location, 

and consumption frequency for mercury contaminated fish, the majority of those who 

have read advisories reported they knew “some” about the advisory guidelines.  

Overall, less than half of participating anglers reported they “always” followed 

advisory guidelines for fish species, size, location, and consumption frequency. Unlike 

the study by Imm et al. (2005), which reported consumption frequency as the least valid 

recommendation amongst its angling population, fish species and fishing location 

represent the highest guideline noncompliance within this study’s angling population. 

Interestingly, those who reported following size guidelines had significantly elevated hair 

mercury levels. Because anglers reported they are less likely to follow species and 
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location guidelines, they are perhaps eating smaller fish of species high in methylmercury 

or are eating smaller fish out of mercury-contaminated waterbodies under advisory. 

 To evaluate knowledge of advisory content, anglers were given 10 true/false 

statements. The majority of anglers, among those who read fish advisories, answered 

statements about mercury and the fish food chain correctly. Anglers knew that exposure 

to mercury harms a developing child during pregnancy, but did not know of any other 

health outcomes related to mercury. When asked about mercury elimination, more than 

half of anglers incorrectly reported mercury could be reduced or eliminated by using 

proper cooking and cleaning techniques. More than half of the same population did, 

however, know that the human body could eliminate mercury over time. Half of the 

participating anglers incorrectly reported the highest level of mercury in fish is found in 

the fat; only two anglers correctly identified mercury is found throughout the entire fish.  

 

Risk Communication Preferences 

 Among the top most useful sources of health information were doctors (66.7%) 

and fishing license booklets (51.7%). Similar to past studies, however, very few anglers 

identified fishing license booklets as their most trusted source of health information 

(12.9%). One study concluded that, “many anglers and other sport-fish consumers do not 

rely on official fish consumption advisories” (Westphal et al., 2008, p. 47). As one study 

reported, often advisories are available but are not believed or trusted (Burger et al., 

2008).   

Similar to findings reported in the risk communication study by Burger et al. 

(2008), the majority of anglers reported doctors as their most trusted source of health 
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information (51.6%). As the authors concluded, this finding suggests doctors and other 

health care professionals should be at the forefront in communicating health benefits and 

risks of fish consumption.  

 

Methylmercury Exposure 

 Thirty-two percent of participating anglers had hair mercury levels above the 

recommended U.S. EPA reference dose of 1000 ppm, therefore representing an exposed 

angling population. Two males had mercury levels that exceeded 2000 ppm, which has 

been linked to higher risk for acute myocardial infarction and mortality from coronary 

heart disease and cardiovascular disease (Salonen et al., 1995).  

 After adjusting for all other variables, significant association remained between 

lakes and elevated mercury levels (p = 0.005), suggesting evidence that anglers who fish 

in lakes have higher methylmercury exposure than those who do not fish in lakes. 

Moreover, those who eat northern pike have significantly higher mercury levels (p = 

0.009) than those who do not.  

 Although only two participating anglers reported eating walleye (6.5%), both had 

hair mercury levels that exceeded 2000 ppm. Walleye are predatory fish and are listed in 

the state fish advisory as a species to avoid entirely if over 22 inches, and to limit to one 

meal per month of any size under 22 inches (Montana Fish, Wild, and Parks, 2007). The 

cumulative effect of eating any high mercury fish along with low and medium fish could 

result in significant exposure over time. 
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Limitations 

 

Interpretation of the results of this study must be conducted in clear view of the 

limitations. This study’s limitations predominantly resulted from small sample size and 

time burden. The survey tool also posed a limitation due to lack of dependability and 

access.  

Because the anglers were competing in a fishing tournament, they were 

apprehensive to commit time to participate in the study after spending long and arduous 

hours fishing and needing to prepare for the next day. The survey was lengthy and 

accessible through only one computer. Between survey and hair sampling, total 

completion time was approximately 25 to 30 minutes. Anglers had to complete the survey 

one at a time, which consequentially led to participation loss. As a result, the sample size 

was small and could not provide comprehensive representation.  

The survey tool could not be considered dependable because no reliability or 

validity was established. Although the survey was used in previous methylmercury 

studies and adapted accordingly, it does not accurately represent the general angling 

population.  

 

Implications 

 

Research 

 The results of this study support the findings of methylmercury exposure reported 

in past angler studies (Katner et al., 2011; Knobeloch et al., 2007; Lincoln et al., 2011). 

Although evidence identifies recreational anglers as a population at risk for 
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methylmercury exposure, additional research is needed to examine species-specific routes 

of exposure and the risk communication needs and preferences of this population. Future 

studies should include biomarkers for assessing exposure and improved surveys that 

capture size, species, and waterbody fish consumption patterns. 

Numerous studies have shown that anglers rely on sources other than fish 

advisories for risk communication (Burger & Campbell, 2008; Burger et al., 2008; Katner 

et al., 2008; Westphal et al., 2008). Further research is needed to identify reliable sources 

and create additional risk reduction strategies that compliment fish advisories. One such 

source warranting further development is risk communication in the healthcare setting. 

 

Practice 

Environmental health is gaining recognition as more disease and illness are linked 

to toxicants in the environment. The Healthy People 2020 Initiative includes 

environmental health objectives and emphasizes prevention education to promote healthy 

environments (Healthy People 2020, 2012).  

As this study and others have found, healthcare providers are trusted sources of 

health information among the angling population (Burger, 2008). Healthcare providers 

have the opportunity and responsibility to assess for and educate their patients on 

environmental health risks. The National Environmental Education and Training 

Foundation (NEETF) reports, “addressing environmental health conditions should be part 

of routine primary care” (Rogers, 2004, p. 154). Additionally, NEETF recommends the 

“creation of a position statement about the need for environmental education for health 
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care providers, especially for physicians, nurse practitioners, physician assistants, nurses, 

nurse midwives, and community health workers” (p. 154).  

Presently, providers do not generally counsel patients on environmental health 

risks (Bloomingdale et al., 2010; Rogers, 2004). Because providers hold trustworthy 

positions, they should be active in identifying and educating populations at-risk for 

environmental exposures.  Thus, the role of the provider as an educational liaison must be 

built upon sound environmental health competencies. 

 

Conclusion 

 

The results of this study support previous studies that found recreational anglers 

as a subpopulation at high risk for methylmercury exposure. Contributing factors to 

exposure in this study were lack of advisory knowledge and compliance and 

subsequently, consumption of high mercury fish. Although anglers generally found fish 

advisories useful for health information, very few considered them as the most trusted 

source. A high percentage of anglers in this study most trusted their healthcare provider 

for health information.  

Healthcare professionals have the opportunity and responsibility to recognize 

potential and actual exposure to environmental toxins such as methylmercury and should 

be prepared to intervene through early detection and education. Additional research is 

needed to (a) improve the identification of specific routes of exposure (fish species, size, 

and waterbody) in recreational anglers, (b) identify the health impacts of mercury in the 

exposed population, and (c) establish effective risk reduction interventions specific for 

the angler population.  
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APPENDIX A 
 
 
 

METHYLMERCURY RISK & AWARENESS IN RECREATIONAL ANGLERS 



   

 

 

 
 METHYLMERCURY RISK & AWARENESS IN RECREATIONAL ANGLERS 

 

1. Research assistant interviewer, please enter your initials. 
 ___________________________________________________________ 

 

2. Location of interview:  
 ___________________________________________________________ 

 

3. Participant consented: 
 ___________________________________________________________ 

 

4. Participant ID# 

 ________________________________________________________________________________________________

_________________________________________________ 

 

 FISH CONSUMPTION PATTERNS 

 

5. In the last (1 month, 3 months), did you eat any fish, including fresh, canned, smoked or frozen fish 
purchased at a store or restaurant, or any fish from local waters, received from family, friends, the 
food bank, commodities program, or elder’s program? 

  Yes  No  

 1 month purchased fish?       

 3 months purchased fish?       

 1 month locally-caught fish?       

 3 months locally-caught fish?       

 

6. Do you or your family... 
  Yes  No  

 catch but never eat locally-caught 
fish? 

      

 catch and eat locally-caught fish?       

 

 

7. If you catch and eat locally-caught fish, what size of fish do you most often eat?   
   Small fish (less than 18 inches) 

1
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   Medium sized fish (18-27 inches) 
   Large fish (greater than 27 inches) 
   Eat locally-caught fish-unsure of the size  
 

8. When you catch or eat locally-caught fish, where does the fish usually come from? 

   Flathead lake 

   Reservation streams 

   High mountain lakes 

   Lower Flathead river 
   Valley reservoirs 

   Pablo 

   Crow 
   Ninepipe 

   Kickinghorse 

 Off the reservation (please list): 
 ________________________________________________________________________________________________

_________________________________________________ 

 

9. When you catch or eat locally-caught fish, what type fish do you most often catch or eat? (Check all 
that apply) 

   Lake trout 
   Lake whitefish 

   Kokanee salmon 
   Rainbow trout 
   Brown trout 
   Brook trout 
   Cutthroat trout 
   Northern pikeminnow 

   Northern pike 

   Yellow perch 

   Black bullhead 

   Largemouth bass 

   Smallmouth bass 

 Other (please specify): 
 ________________________________________________________________________________________________

_________________________________________________ 
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10. What season of the year do you most often catch and/or eat locally-caught fish? (Check all that 
apply): 

   Spring  
   Summer  
   Fall 
   Winter 
 

11. After catching locally-caught fish, are you more likely to: (Check all that apply) 
   Keep it  
   Donate it to other organizations 

   Give it away to family and friends 
 Other (please specify): 
 ________________________________________________________________________________________________

_________________________________________________ 

 

12. When you catch or eat locally-caught lake trout in Mack Days, what do you consider small, medium, 
and large sized fish?  

 Small sized fish: ____________________________________________________

_________________________ 

 

 Medium sized fish: ____________________________________________________

_________________________ 

 

 Large sized fish:  ____________________________________________________
_________________________ 

 

 

13. During an average month, about how many meals of any type of fish, do you eat? 

   Less than one meal per month  
   2-4 meals per month  
   5-8 meals per month 

   9 or more meals per month 

 

 

 

 

14. Have you made a decision to reduce the amount of fish you eat? 
   Go to Q15 Yes 
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   Go to Q16 No 

 

15. If you answered "yes" to question 14 (reducing the amount of fish you eat), why are you doing this? 

 ________________________________________________________________________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________

_______________ 

 

16. People have different reasons for not eating fish. Please indicate if any of the following are reasons 
you don't eat fish. (Check all that apply) 

   You don't like the taste 

   You're allergic to fish 

   You're concerned about contaminants 

   You're a vegetarian 

   Fish are too expensive 

   Fish are not available where you live 

   You have heard that fish are not safe to eat 
 Other (please specify): 
 ________________________________________________________________________________________________

_________________________________________________ 
 

17. In the last 12 months, have you eaten any:  
  Yes  No  

 Shellfish including any seafood 
such as shrimp, lobster, clams, 
crab, or crayfish, imitation shellfish 
counts as fish? 

      

 Fish fillets, fish sticks, or fish 
sandwiches? 

      

 

 

18. Do you eat canned tuna 
   Go to Q19 Yes 
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   Go to Q22 No 

 

19. What type of canned tuna do you eat? 

   Light Tuna 

   Albacore Tuna 

 

20. How often do you eat light tuna? 

   <1/week 

   1/week 

   3/week 

   most days 

 
21. How often do you eat Albacore Tuna? 

   <1/week 

   1/week 

   3/week 

   most days 

 

 FISH ADVISORY MESSAGE AWARENESS 

 

22. In general, how much do you know about mercury contaminants in fish? 

   A lot 
   Some 
   Very little 

   Nothing at all 
 

23. Which statements are true about fish, mercury, and health? 

  True  False  Don't Know  

 Small fish have more mercury 
than large fish. 

         

 Old fish have more mercury than 
young fish. 

         

 Fish that eat other fish have more 
mercury than fish that eat algae or 
plants. 
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 Fish that are low in fat have more 
mercury than fish that are high in 
fat. 

         

 Exposure to mercury increases 
the risk of cancer. 

         

 Exposure to mercury increases 
the risk of arthritis. 

         

 Exposure to mercury increases 
the risk of heart disease. 

         

 Exposure to mercury harms a 
developing child during 
pregnancy. 

         

 Exposure to mercury can be 
reduced or eliminated by using 
proper cooking and cleaning 
techniques. 

         

 The human body can eliminate 
mercury over time. 

         

 

24. Where would you find the highest level of mercury in fish? 

   Fat 
   Skin 

   Muscle 
   Organs 

   The whole fish 

   Don't know 

 

25. Have you ever seen this booklet? 

   Yes 

   No 

   Don't know 

 

  

 

 
26. 

Have you ever read the fish advisories included in the Montana Fish, Wildlife, and Parks or CSKT 
fishing license booklet? 
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   Yes 

   No 

   Don't know 

 

27. Where did you learn about the state, tribal, or commercial fish advisories?  
 ________________________________________________________________________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________
________________________________________________________________________________________________

_______________________________ 

 

28. How much would you say you know about fish species and size guidelines for mercury 
contaminated fish? 

  A lot  Some  Only a little  Nothing at all  

 Fish species             

 Fish size             

 Fishing location             

 Consumption frequency             

 
29. How often do you follow the species and size guidelines? 

  Always  Usually  Occasionally  Never  

 Fish species             

 Fish size             

 Fishing location             

 Consumption frequency             

 

 

30. There are various reasons why people may not always follow the recommendation in an advisory 
message. Please check any of the following reasons why you might not follow advisory message 
recommendations. (Check all that apply) 

   I don't eat enough fish to worry about it. 
   I don't think mercury is a problem in the area where I live. 
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   I don't believe that mercury in fish is that harmful. 
   I think the advisories are too strict. 
   Fish is good for you-the benefits outweigh the risk of eating fish. 
   Fish is an important source of food for my family. 
   Fish is traditional food. 
   I don't have enough information about advisory messages. 
 

31. Please indicate whether you agree or disagree with this statement. 
“Women who are pregnant or are thinking of getting pregnant should eat 6 to 12 ounces per week of 
a variety of fish and seafood with lower mercury levels.” 

   Agree 

   Disagree 
   Don't know 

 

 RISK COMMUNICATION PREFERENCES 

 

32. If you are looking for health information on a subject, which of the following would be most useful in 
catching your attention? 

  Very useful  Somewhat 
useful 

 Not useful  Don't know  

 Newspaper             

 TV News             

 TV Shows             
 Radio             

 Magazines             

 Information stand at a PowWow             

 Newsletters/brochures sent to 
your home 

            

 Talking to doctors/health 
professionals 

            

 Talking with people you know 
(friends and relatives) 

            

 Federal or state government 
agencies/representatives 

            

 Tribal agency representatives             
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 Signs or posters at the grocery 
store 

            

 Signs or posters at the tackle shop             

 WIC office information             

 Fish and game regulation book 
when I got my license 

            

 School (course)             

 Electronic (Internet, Email, 
Facebook, or Twitter) 

            

 Other (please specify): 
 ________________________________________________________________________________________________

________________________________________________________________________________________________
_____ 

 

33. From the list above, indicate the two sources of health information you trust and would be most 
likely to follow: (Select two) 

  Very trusted  Somewhat 
trusted 

 Not trusted  Don't know  

 Newspaper             

 TV News             

 TV Shows             

 Radio             

 Magazines             
 Information stand at a PowWow             

 Newsletters/brochures sent to 
your home 

            

 Talking to doctors/health 
professionals 

            

 Talking with people you know 
(friends and relatives) 

            

 Federal or state government 
agencies/representatives 

            

 Tribal agency representatives             

 Signs or posters at the grocery 
store 

            

 Signs or posters at the tackle shop             
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 WIC office information             

 Fish and game regulation book 
when I got my license 

            

 School (course)             

 Electronic (Internet, Email, 
Facebook, or Twitter) 

            

 Other (please specify): 
 ________________________________________________________________________________________________

________________________________________________________________________________________________

_____ 

 

34. Choose your top two most trusted sources of health information: 
   Newspaper 
   TV News 

   TV Shows 

   Radio 

   Magazines 

   Information stand at a PowWow 

   Newsletters/brochures sent to your home 

   Talking to doctors/health professionals 

   Talking with people you know (friends and relatives) 
   Federal or state government agencies/representatives 

   Tribal agency representatives 
   Signs or posters at the grocery store 

   Signs or posters at the tackle shop 

   WIC office information 

   Fish and game regulation book when I got my license 

   School (course) 
   Electronic (Internet, Email, Facebook, or Twitter) 
 Other (please specify): 
 ________________________________________________________________________________________________

________________________________________________________________________________________________

_____ 

 

 DEMOGRAPHIC INFORMATION 
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35. Gender 

   Male 

   Female 

 

36. Are you currently pregnant? 

   Yes 

   No 

   Not applicable 

 

37. Do you plan on becoming pregnant in the next year? 

   Yes 

   No 
   Not applicable 

 

38. How many women (including yourself if applicable) age 18-45 live in your household? 

 ________________________________________________________________________________________________

_________ 

 

39. What is your age? 

   Under 18 

   18-25 

   26-35 

   36-45 
   46+ 

 

40. Which of the following describes your marital status? 
 

   Single 

   Married 

   Widowed 

   Divorced 

   Separated 

   Member of an unmarried couple 

 

41. What is your ethnic background? 
   American Indian/Alaskan Native 
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   Black/Non-Hispanic 

   Asian/Pacific Islander 
   Hispanic 

   White/Non-Hispanic 

 

42. What is the highest grade or year of school you have completed? 

 ________________________________________________________________________________________________

________________________________________________________________________________________________

_____ 

 

43. Are you currently employed or working for pay? 

 ________________________________________________________________________________________________
________________________________________________________________________________________________

_____ 

 

44. What is the joint annual income of your family? 

   Under $20,000 

   $20,000 to $34,999 

   $35,000 to $49,999 

   $50,000 or more 

 

45. Do you live on the reservation? 

   Yes 
   No 

 

46. If you answered "yes" to question 45 (do you live on the reservation), for how many years? 

 ________________________________________________________________________________________________

________________________________________________________________________________________________ 

 Thank you. 

1
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ANSWERS TO SURVEY QUESTION  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Statement 

 
Small fish have more mercury than large fish False 

Old fish have more mercury than young fish True 

Fish that eat other fish have more mercury than fish that eat 
algae or plants 

True 

Fish that are low in fat have more mercury than fish that are 
high in fat 

False 

Exposure to mercury increases the risk of cancer False 

Exposure to mercury increases the risk of arthritis False 

Exposure to mercury increases the risk of heart disease True 

Exposure to mercury harms a developing child during 

pregnancy 
True 

Exposure to mercury can be reduced or eliminated by using 

proper cooking and cleaning techniques 
False 

The human body can eliminate mercury over time True 
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PROTOCOL FOR COLLECTING ANGLER HAIR 

 

 SAMPLES FOR MERCURY TESTING 
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PROTOCOL FOR COLLECTING ANGLER HAIR 

 

 SAMPLES FOR MERCURY TESTING 

 

Trace-metal free sampling and analytical procedures of Pellizzari et al (1999) will be 

adopted for this project. 

 

Equipment: 

1. Stainless-steel blunt-tip scissors 

2. Disposable Plastic Comb 

3. Plastic and aluminum hair clips 

4. Plastic paperclip 

5. 1.5 x 2 Post-it Notes 

6. Isopropyl alcohol—Solution 70% 

7. Disinfecting container—Instrument tray with cover 

8. Powder-free gloves 

9. plastic paper clip 

10. 2 regular size 6” x 6” Ziploc bags 

11. 1 large Ziploc bag 

 

Hair Collection Procedure: 

1. Prepare a collection Ziploc and label with patient ID # 

2. Wash and dry your hands thoroughly or use hand sanitizer. 

3. Put on the powder-free gloves 

4. Use an alcohol wipe or disinfectant tray to clean stainless-steel scissors and a 

plastic comb before each hair sample is taken. 

5. Use a sterilized comb to partition the hair between the ears on the back of the 

head below the midline. This is the occipital area at the rear base of the head. 

6. Fasten the hair above the ears out of the way with the plastic or aluminum hair 

clip(s). 

7. Isolate a small bundle of hair that is approximately the size of a pencil eraser 

(0.75-1cm in diameter). Take care to select a site that camouflages the hair loss. 

8. Twist the hair together into a bundle. 

9. Caution the subject not to move so that hair is not pulled while cutting.  Cut the 

hair as close as possible to the scalp with the blunt tip scissors, taking care to 

avoid injury. 

10. Fold a 1.5 x 2 inch Post-it (adhesive paper square: 3M, St. Paul, MN) over the end 

of the hair strands closest to the scalp and attach a plastic paperclip to the post-it 

note.  Draw an arrow and label the paper “scalp”. 

11. Insert the hair (leaving paper clip/Post-it in place) into a Ziploc bag and seal the 

bag 

12. Place that bag inside a second Ziploc bag,that includes the label with the 

participant’s unique ID number. 
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13. Place double bagged sample into the large Ziploc transport bag and store at 

ambient temperature. 

14. Deliver the samples to the chemistry lab of Dr. Doug Stevens at Salish Kootenai 

College. 

15. Hair samples will be stored at 4
◦ 
C until ready for analysis. 
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ANGLER PARTICIPATION CONSENT FORM 
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Participant Informed Consent Form 

 

 MSU IRB # SK063009 

SKC IRB # 2009-4  

 

Title of Project: Methylmercury Risk, Awareness, and Exposure in Recreational Anglers 

 

Purpose of the Research 

Thank you for taking the time to consider participating in a research study regarding 

methylmercury risk awareness and potential exposure. In recent years, scientists have 

discovered that certain types of fish contain contamination with methylmercury. We are 

trying to determine if current methods of communicating information about risks are 

sufficient to protect recreational anglers and if anglers have been exposed to 

methylmercury. One way of determining exposure to methylmercury is by analyzing a 

small sample of hair. Your participation will take approximately 15 minutes of your time. 

All data collected will remain confidential and anonymous. Our study team consists of a 

nurse researcher from Montana State University, a graduate nursing student from 

Montana State University, and a toxicologist. 

 

Procedures: 

To better understand the prevalence of methylmercury in anglers, the graduate student 

(GS) will explain the study and study procedures and if you agree to participate, you will 

sign an informed consent. Next, the GS will ask you some questions about your 

consumption of fish and your preferred risk communication preferences. Finally, the GS 

will clip a small amount of hair from the back of your head (the amount is about the size 

of a pencil eraser) and place this sample in a plastic bag. Your participation (or lack of 

participation) will not influence your Mack Days participation in any way. The research 

assistant will answer any questions or you can contact one of the research team members 

for more information. If your hair sample indicates a high level of mercury, you will be 

contacted by the principal investigator and provided information that will help you reduce 

your exposure to methylmercury.   

 

Risks and/or Discomforts: 

There are no known risks or discomforts associated with this research. The graduate 

student will be careful to clip the hair from an area of the head so the small amount of 

missing hair will not be noticeable. If an elevated level of mercury is found, the nurse 

researcher or the graduate nursing student will notify you immediately. 

 



130 

 

 

 

Benefits: 

There are no personal benefits to participating in this research except that you will know 

you do not have an elevated mercury level unless the researcher calls. In addition, the 

brochure you receive will be informative regarding safe fish to eat.  

 

Confidentiality: 

Confidentiality is maintained since your survey and hair sample will only be tracked 

based on a unique number. Your number will appear on a list that includes your name but 

will be stored in a password protected computer available only to the nurse researcher 

and research assistant. All published report related to this research will not include the 

personal identification of any participant. 

 

Compensation: 

Your time and the effort to participate in this research are valuable to us. At the end of 

the survey, your name will be entered into a drawing for a $50 gift certificate from 

Zimmer Tackle. The drawing will take place at the end of Mack Days and the winner 

announced at the fish fry. You do not need to be present at the fish fry to win. 

 

Consent, Right to Withdraw 

If you decide to withdraw from the study or not participate, your participation in Mack 

Days and/or your relationship with Mack Days officials, researchers from Salish 

Kootenai College, or Montana State University will not be affected in any way.  

 

Your signature certifies that you have decided to participate in this research, and have 

read and understand the information presented in this consent form.  

 

Signature of Participant: 

 

_________________________________________    ________________ 

Signature of Research Participant      Date 

 

Name and Phone Number of Investigators:  

 

Sandra Kuntz, PhD, RN, Montana State University, College of Nursing, 32 Campus Dr 

7416, Missoula, MT 59812; 406-261-1139, skuntz@montana.edu 

 

Stephanie Benson Angert, BSN, RN, 84 Martin Lane, Florence, MT  59833; 406-360-

6528, bensons24@hotmail.com 

 

If you have questions about your rights call the Chairman of the Human Subjects 

committee at Montana State University, Dr. Mark Quinn, 406-994-4707, 960 Technology 

Blvd. Room 127, Bozeman, MT 59718, mquinn@montana.edu and/or Stacey Sherwin, 

Salish Kootenai College, stacey_sherwin@skc.edu 

 

mailto:skuntz@montana.edu
mailto:bensons24@hotmail.com
mailto:mquinn@montana.edu
mailto:stacey_sherwin@skc.edu
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ANGLER MERCURY STUDY: ABNORMAL MERCURY PROTOCOL 
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ANGLER MERCURY STUDY: ABNORMAL MERCURY PROTOCOL 

 
The action level for MeHg is 1 ppm or 1µg/g.  A total mercury finding of 1ppm or 
higher also corresponds with about the 90th percentile of the latest population 
based data from the National Health and Nutrition Examination Survey 1999-
2000.  Because only about 80% of total mercury in hair is methylmercury, total 
mercury values overestimate methylmercury concentrations.   
 

1. The Flathead MeHg Study researcher assistant in Dr. Stevens lab will 
record the total mercury value for each participant in the Participant ID 
Excel File. 
 

2. The research assistant will notify the two co-PIs (Kuntz and Angert) if an 
elevated value is found. 
 

3. The co-PI (Angert) will relay the information to the participant and advise 

the individual regarding actions to take. A copy of the Montana Fish 
Advisory Brochure as well as the Agency for Toxic Substances and 
Disease Registry (ATSDR) ToxFAQ’s addressing frequently asked 
questions about mercury will be provided.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


