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The purpose of this document is to provide background information related to methylmercury and Muskrat Falls using a broad public health lens. This information will assist in understanding the need to balance the health effects of methylmercury, the benefits of country food and the role of food security. It also outlines the difficulties in communicating messages about contaminants and country foods. This document is not intended to provide a detailed literature review of these subjects but rather to convey basic information gleaned from key journal articles and other sources.  The focus in on northern regions and indigenous populations.

The definition of public health is “The science and art of promoting health, preventing disease, prolonging life and improving the quality of life through the organized efforts of society. As such, public health combines sciences, skills, and beliefs directed to the maintenance and improvement to the health of all through collective action.  The programs, services and institutions involved tend to emphasize two things, the prevention of disease and the health needs of the population as a whole” (Health Canada 2005).

A public health lens requires us to look at the broader context in which we are working, assess and balance all the risks and benefits and consider how to communicate this balance. Public health ethics and principles are applied to this process and often require making recommendations in the face of uncertainty. The precautionary principle factors in.   It states: “it is not always possible to have complete scientific evidence about certain conditions.  Therefore, this principle acknowledges that decisions for action sometimes must be made without full scientific evidence where there is a threat of serious or irreversible harm” (Macdonald, Carle, & Mcginnis, 2007).

[bookmark: _Toc507575267]Applying a public health lens 

While the Terms of Reference for the work of the Independent Expert Advisory Committee (IEAC) focus on the health of the indigenous and local population as it relates to methylmercury and Muskrat Falls, the Terms of Reference are general enough to allow a discussion of the broader public health context.  This includes the important role of country foods and food security in the affected communities, the importance of maternal child health and the role of risk communication and food advisories.

[bookmark: _Toc507575268]Situational Analysis 
 
As part of the development of the IEAC Communications Plan, an environmental scan was conducted to gain a sense of the information and opinions around methylmercury and health circulating publicly and in health venues in the fall of 2017.  The methodology used to gather this information included non-systematic scans of various media, including social media, and conversations with stakeholders. In addition, informal interviews were conducted with public health officials (the Chief and the Regional Medical Officer of Health) and representatives of Labrador Grenfell Health, Nunatsiavut Department of Health and Social Development and NunatuKavut. 

In 2016 the Nunatsiavut Government issued a report called “Lake Melville: Avativut, Kanuittailinnivut (Our Environment, Our Health). Summary for Policymakers”. This report was based on the work of Harvard University and Memorial University of Newfoundland scientists (Durkalec A, Sheldon T, 2016).  The introduction stated, "Among the key report findings is evidence from Harvard university scientists of future significant impacts on methylmercury concentrations in the Lake Melville ecosytem and increased Inuit exposure to methylmercury from Muskrat Falls."  The contents of this document raised significant concerns with regard to country food in the affected communities. These concerns and others led to protests against Nalcor, the developer of Muskrat Falls.

The concept of poison and toxicity has been used in various media and has found its way into popular culture including in a play written and performed by Rigolet High School students (https://goo.gl/VZz5Ez is a link to a short clip) and artwork currently on display in the Winnipeg Art Gallery by an Inuit artist from Rigolet. The image can be seen at the following link (https://pbs.twimg.com/media/DDANPNZXcAAZLtE.jpg:large). Some members of the public believe that as a result of the development of the hydroelectric project at Muskrat Falls they are being poisoned along with the fish, the birds and the sea mammals.

Many people, especially elders, in the affected communities around Lake Melville are very concerned about losing the benefits of country food, food security and loss of culture. It will be difficult to replace country food when store bought food is often of low quality and quantity and very expensive. Food security is already an issue in Labrador communities. 
Health officials are aware of the health effects of methylmercury but have not heard the same degree of concern expressed to them in their professional role as is playing out in the media and public discourse. It was noted by public health professionals that fetal alcohol spectrum disorder (FASD) is a concern in Labrador communities and methylmercury is an added risk to neurodevelopment of the fetus.

There are other health issues related to the Muskrat Falls development that are not being addressed in contrast to the focus on methylmercury exposure. Mental health is being affected by concern over country food, personal safety related to the stability of the North Spur and the possibility of flooding as occurred in Mud Lake. The boom part of the boom and bust cycle of large developments has resulted in increases in the local cost of living especially related to housing prices and lack of housing. There is tension between those who work at the mine and those who don’t.  Increased use of illicit drugs has been reported. All of these things are being exacerbated by the perception that Nalcor is not being transparent.  It is hard to get reliable information from them.

One unintended and unfortunate consequence of the current focus on methylmercury is that there is no acknowledgement by government or Nalcor of the other health effects related to the development of Muskrat Falls. 

[bookmark: _Toc507575269]Health Effects of Methylmercury

Canadians are exposed to methylmercury through food. This may result in health effects depending on the dose and the time period over which methylmercury is consumed. Dietary mercury is absorbed efficiently by the gut, distributed throughout the body and crosses the blood-brain and blood placental barriers. (Pirkle, Muckle, & Lemire, 2016). It is primarily excreted from the body via feces and has a half-life of approximately fifty-five days i.e. the biological half-life is 42 days in lactating women and 72days in non-lactating women (Environment and Climate Change Canada, 2016).

The developing nervous system is the most sensitive to exposure to methylmercury (Pirkle, Muckle, & Lemire, 2016). This means that the fetus, infants and children are at increased risk as gestation, infancy and early childhood are critical periods for neurological development. 

Information on the health effects of methylmercury comes from episodes of contamination in Japan, Iraq and Canada as well as from large cohort studies of children in different countries who were exposed in utero through maternal ingestion of foods containing mercury. 

In the 1950s and 60s in Japan, a group of people were exposed to contaminated seafood over several years.  The overt clinical effects noted were sensory impairment of the extremities, constriction of the visual fields, cerebellar ataxia (loss of balance and coordination), hearing and visual loss, muscle weakness, tremor, cognitive deterioration and death. There was an increased incidence of intellectual disability and cerebral palsy in children exposed prenatally. This clinical picture was named Minimata Disease   (Environment and Climate Change Canada, 2016; Pirkle et al., 2016).

There were two episodes of exposure in Iraq in the 1970s, one related to exposure to seed grain contaminated with a fungicide containing mercury compounds and the other to contaminated flour baked into local bread products. These exposures were for a shorter duration and the predominant symptom was paresthesia (an abnormal sensation, typically pins and needles) (Environment and Climate Change Canada, 2016).

In the 1970’s, residents in the Canadian First Nations communities of Grassy Narrows and White Dog had high blood mercury levels as a result of eating fish contaminated by mercury from a chloralkali processing plant related to a pulp and paper company. Clinical examinations did not reveal a definitive diagnosis (Environment and Climate Change Canada, 2016).  The health effects of methylmercury exposure are often non-specific, subtle and may vary between individuals. They require special expertise and sophisticated testing in order to detect them (Pirkle et al., 2016). The residents in these communities continue to have ongoing neurological issues many years later and this situation remains very controversial. 

There are several large cohorts of children studied after prenatal exposure to methylmercury including the Faroe Islands, the Seychelles and Nunavik. 

In the Faroe Islands, mothers consumed pilot whales with high levels of methylmercury resulting in acute intermittent exposure. Their children were examined at 7 years of age and showed deficits in the domains of language, attention and memory which was attributed to prenatal methylmercury exposure. These children continued to be followed and continued to have deficits. Five cohorts in total were studied between the 1980s and 2009. These findings resulted in a broad communication plan indicating that pilot whales were not safe to eat. (Weihe & Joensen, 2012). The levels of mercury in maternal hair subsequently dropped from a mean of 4.5 ug/g in the first cohort to 0.70 ug/g in the last cohort while the levels of methylmercury in the pilot whales stayed constant. 

Similar research was done in the Seychelles where the diet consists of a variety of seafood in large amounts.  The levels of mercury in the fish were similar to those in North America. This was classified as chronic low-level exposure.  No adverse health effects were identified in five-year olds who were exposed to methylmercury prenatally and underwent similar testing to the children in the Faroe Islands. These children were followed until 17 years of age and a new cohort was recruited and followed with the same results. The conclusion was that omega-3 fatty acids play a pivotal role in neurodevelopment, which may negate the adverse effects of prenatal exposure to methylmercury, although the balance between nutritional benefits and risks of methylmercury exposure from fish was unclear (Environment and Climate Change Canada, 2016).

The Nunavik Child Development Study is a longitudinal study following a sample of 294 mother-child pairs recruited between 1994 and 2001. It is looking at the growth, developmental and behavioural effects of pre- and post-natal exposure to environmental contaminants including methylmercury. The children were monitored three times from infancy to eleven years and again at 16 to 20 years. The evidence from this work indicates that prenatal, and possible postnatal exposure to methylmercury negatively affects multiple domains of child development. The findings include poorer early high-contrast visual processing, changes to attentional processing of sensory information, poorer immediate memory and long-term recollection memory, increased prevalence of symptoms of attention-deficit /hyperactivity disorder in the classroom, poorer estimated intellectual quotient and increased risk of intellectual disability.  There is also concern that increased exposure to methylmercury during pregnancy might affect obstetric and perinatal outcomes such as low birth weight (Pirkle et al., 2016). The Nunavik Nutrition and Health Committee reviewed these findings and, in 2003, put the results in the larger public health context with the other factors that influence the health of young mothers and their babies. They encouraged the continued consumption of country food as it is nutritious and reduces the risk of several diseases like heart disease and diabetes.  This advice was modified in 2011 when new findings from the follow up of the cohort suggested that prenatal methylmercury exposure is a risk factor for attention deficit disorder. Nunavimmiut were encouraged to continue eating country food but women of childbearing age were advised to limit their consumption of beluga meat which was the main source of mercury. This is a good example of the message being tailored to the local/regional context. 

There have been other similar studies not detailed here. The association between maternal fish consumption and child development outcomes turns out to be very complex. Results from prospective mother-child cohorts in the Seychelles, the United Kingdom and Spain have shown no adverse associations between prenatal methylmercury exposure and children’s subsequent development. On the other hand, studies from New Zealand, the Faroe Islands and the United States have reported adverse developmental influences of prenatal exposure.  Variability in study designs, populations, genetic susceptibility and nutrition may explain some of the inconsistences between the studies (Ha et al., 2017).
The nervous system continues to develop after birth so it would be expected that postnatal exposure to methylmercury would result in adverse effects.  However, the evidence is inconsistent. The Health Canada blood guidance level proposed that the interim blood guidance value for the protection of the fetus should also apply to infants and children, including adolescents up to and including age seventeen (Legrand, Feeley, Tikhonov, Schoen, & Li-Muller, 2010).

The health effects of methylmercury on adults is not as clear as it is for children. The cardiovascular system may be the most sensitive but the effect on cardiovascular endpoints remains inconclusive as does any link to neurologic effects. The relationship between methylmercury exposure and immunological conditions and immune response has been inconclusive. Little is known about the potential of methylmercury to cause renal and carcinogenic health effects in humans (Environment and Climate Change Canada, 2016).

There is ongoing research on other aspects of methylmercury such as the effect of the gut microbiome on methylmercury excretion, interactions with infectious diseases such as malaria and the role played by genetic variability and gene-environment interactions (Eagles-Smith et al., 2017; Ha et al., 2017).

In conclusion, determining the health effects of methylmercury is not straight forward. It requires sorting through a complex epidemiological picture with many confounders and interactions with other contaminants such as PCBs and nutrients such as selenium and omega-3 fatty acids. However, it is well accepted based on a large body of Canadian and international evidence that methylmercury exposure results in adverse neurodevelopmental outcomes in children exposed prenatally to methylmercury. 

There is increasing recognition globally of the effect of a range of neurotoxicants (including methylmercury) on the fetus along with a movement to develop a global prevention strategy that includes moving towards testing all chemicals in current use and all new chemicals before use (Petras, 2017; TENDR, 2016) along with establishing an organization modelled on the International Agency for Research on Cancer to deal with neurotoxicants (Grandjean & Landrigan, 2014).
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Country food, also called traditional food, means animal and plant species culturally identified as food and harvested from the local environment
(Kuhnlein, Receveur, Soueida, & Egeland, 2004). Country food remains an important source of food in indigenous communities in Labrador. It provides nutrient dense food in an area of where the availability, quality and affordability of store bought food may not be optimal.

[bookmark: _Toc507575271]The benefits of country food

Country food is an excellent source of lean protein and vitamin D which enhances calcium absorption and therefore bone health.  It also contains other beneficial minerals such as selenium, iodine, iron and magnesium (Environment and Climate Change Canada, 2016).  

Locally caught fish play a special role as they contain an abundance of polyunsaturated fatty acids (PUFAs). Gestational exposure to PUFAs are associated with enhanced neurodevelopment and adult exposure with improved cardiovascular health. Some nutrients found in fish are thought to have protective effects against the adverse health effects of methylmercury. 

Country food also has socio-cultural significance.  It contributes to an active lifestyle and participation in cultural activities such as community sharing and contribution to community freezers.  It strengthens generational ties and survival skills while providing education about the environment. It also contributes to food diversity and increased food security (Environment and Climate Change Canada, 2016). Factors that interfere with the ability to get out on the land, such as climate change, negatively impact mental health (Cunsolo Willox et al., 2013). There is anecdotal evidence from those working in the mental health field and from traditional knowledge holders that times of year when it is difficult or unsafe to travel on the land and water and people are bound to their communities (for example during spring break-up of the ice on Lake Melville), the frequency of mental health incidents rises.  Concern has been expressed that anxiety about the health effects of methylmercury may result in reduced harvesting activities and impact food security and mental health.

A study done in communities across the Arctic including in Labrador compared nutrients on days when country food is consumed and days when it is not. On days when country food is consumed, there is significantly less fat, carbohydrate, and sugar in the diet, and more protein, vitamin A, vitamin D, riboflavin, Vitamin B-6, iron, zinc, copper magnesium, manganese, phosphorus, potassium and selenium (Kuhnlein et al., 2004). 

On days without country food, Vitamin C, folate (from fortified foods) and fiber are higher and there is a higher percentage of energy as carbohydrate and fat. Of note is that more country foods are consumed by older individuals compared to younger although, as time passes, less and less dietary energy in adults comes from country food.  It is being replaced by market (store bought) foods that are shipped into the community. The market foods used consistently and most frequently across the arctic are least-cost sources of energy, and as a whole, have poor nutrient density (Kuhnlein et al., 2004).

[bookmark: _Toc507575272]Replacing country foods with market foods

As noted above, when country food is consumed even in small amounts, nutrition for most micronutrients is improved. Even Vitamin C, a nutrient commonly associated with fresh fruit and vegetables, was shown to exist in ample quantities in Arctic country meats. In order to replace these micronutrients from country foods, meat, low-fat dairy items, vegetables and whole grains would have to be available and consumed which is not always the case. Instead the market foods chosen often include sugar sweetened beverages such as soft drinks along with chips and ready to eat cereals. This transition from country foods to store bought foods may result in health issues such as obesity and diabetes (Bjerregaard & Mulvad, 2012; Kuhnlein et al., 2004). 
 
Some recent research in the Lake Melville area looked at the potential impacts of food consumption advisories on Inuit Health. While this research is currently in the publishing process, a summary was provided to the Independent Expert Committee. The results indicate that any reduction in country food consumption would increase nutrient deficits among Lake Melville Inuit. Even with higher levels of methylmercury, country foods are better for cardiovascular health than store-bought foods. In terms of women of childbearing age, increased intake of salmon and seal blubber from Lake Melville is likely to result in the most benefits for the women and their developing fetuses as methylmercury levels increases in country food (Calder, Bromage, & Sunderland, 2017).

[bookmark: _Toc507575273]Food Security in Labrador

Country food is an important contributor to food security. People are considered food secure when they have access at all times to sufficient, safe, nutritious food to maintain a healthy and active life. Food security analysts look at the combination of food availability, food access and food utilization. Food insecurity can result in a higher risk of chronic disease such as diabetes, poorer mental health and lower learning capacity.

Food security household surveys were done Rigolet in 2012/2013 and in the other Nunatsiavut communities in 2013/2014. Rigolet was the most food secure of the Nunatsiavut communities.  81.8 % were food secure or marginally food secure compared to  
47.4 % for the Nunatsiavut communities overall. 18.1% were moderately or severely food insecure compared to 52.6% for Nunatsiavut communities overall. Households with at least one member who regularly harvests (hunts, fishes, collects, picks) were more likely to be food secure than households with no members who regularly harvest wild foods. Country food can be shared in the community through the community freezer (Nunatsiavut Government, 2014). 

[bookmark: _Toc507575274]Balancing country food, food security and the health effects of methylmercury

As noted above, most methylmercury exposure occurs through food, including country food. The impact of any increase in methylmercury on country food depends on the magnitude of the increase and the perception of risk by consumers of country food. If the risk is perceived to be high, country food may be avoided even if such avoidance is not necessary (Environment and Climate Change Canada, 2016).

The potential for an increase in exposure to methylmercury must be balanced against the benefits of country food.   This is not a clear-cut task as many factors have to be taken into account. The results of several studies have suggested that the overall health benefits of fish consumption outweigh the risks associated with exposure to methylmercury in most circumstances, depending on the frequency and amount of consumption (Pirkle et al., 2016). The metabolism and/or the toxicity of methylmercury may be modulated by the intake of nutrients that are also present in fish (Ha et al., 2017).

In Nunavik, greater intake of omega-3 fatty acids during the last trimester of pregnancy is associated with better neurophysiologic and neurobehavioral outcomes. The benefits of prenatal exposure to omega-3 fatty acids are maintained throughout childhood and reduce sensitivity to outcomes of mercury exposure such as intellectual disability. Omega-3’s may not counteract the effects of mercury exposure.  However, they have been positively associated with many of the same health outcomes with which mercury exposure has been negatively associated. There may also be interactions between selenium and mercury, with selenium reducing some effects associated with mercury exposure (Environment and Climate Change Canada, 2016; Pirkle et al., 2016). The net benefits of fish consumption may be maximized by monitoring the frequency, amount and choice of fish species consumed to achieve the neurological benefits of PUFA intake while reducing methylmercury exposure (Environment and Climate Change Canada, 2016).

[bookmark: _Toc507575275]The Broader Public Health Context: Maternal Child Health

The need to balance the impact of methylmercury in country food, the health benefits of country food and food security can be demonstrated by looking at the broader public health context using maternal child health as an example. This is particularly applicable since the fetus is most sensitive to the effects of methylmercury.

The public health system places a great deal of importance on maternal child health.  Public Health programming includes the pre-conception period, prenatal care and postpartum follow up especially for high risk situations.  Ensuring an infant has a healthy start to life provides a good foundation for a healthy life going forward. Even dietary patterns that include fish consumption are established early in life and influence dietary habits and health during adult life (FAO/WHO, 2010). Pregnant women are inundated with a range of information and advice related to smoking, consuming alcohol and caffeine, avoiding certain foods and activities, dietary supplements like iron and folate etc. It is easy to become overwhelmed.

As noted previously country foods such as fish are an important source of nutrients for pregnant women.  Consumption of omega 3 fatty acids during the last trimester result in better neurophysiologic and neurobehavioral outcomes and reduce the sensitivity to methylmercury exposure (Pirkle et al., 2016). These benefits last throughout childhood. Fish are also rich in a number of other micronutrients such as selenium and iodine which are known to enhance neurodevelopment.

Country food is a good source of bioavailable iron.  Iron deficiency negatively affects children’s brain development as does prenatal exposure to methylmercury. Since iron deficiency is high in northern communities, it is important not to discourage women from eating iron rich country foods especially species low in mercury (Pirkle et al., 2016).

Balancing the benefits of fish consumption with the detriments of low-level methylmercury exposure is a real challenge when devising dietary recommendations in pregnancy.
In general health advice to women of childbearing age about mercury should factor in the wider context of food insecurity by avoiding messages that deter families from country foods low in mercury. For example, fatty fish like salmon and marine mammal fat are high in omega-3 fatty acids and generally low in mercury.  Their consumption should be encouraged during pregnancy (Pirkle et al., 2016). Limiting fish consumption during pregnancy could adversely affect child development (Ha et al., 2017).  Pregnant women, those who may become pregnant, breastfeeding mothers and young children should be encouraged to eat more fish and to eat a variety of fish from a choice that is lower in mercury (Pirkle et al., 2016).

Current Health Canada advice for pregnant women is that they should have at least 150 g of cooked fish each week as fish contains omega-3 fats and other important nutrients for pregnancy. The advice continues to say that some fish are predatory and may contain higher levels of mercury and should be eaten less often. These include fresh/frozen tuna, shark, swordfish, marlin, orange roughy and escolar. Women who are pregnant or may become pregnant or are breastfeeding should limit consumption of these fish to 150 g per month or approximately one cup. This does not apply to canned light tuna. Consumption of canned Albacore (white) tuna should be limited to 300 g a week.
https://www.canada.ca/en/health-canada/services/healthy-living/healthy-pregnancy.html

[bookmark: _Toc507575276] Risk Communication and Food Advisories

[bookmark: _Toc507575277]Background

Consumption advisories or food advisories can be used as a management tool to decrease risk related to contaminants in country food. The balance between risks and benefits of country food is very complex. There are many uncertainties around the risk and country foods have unique social, cultural and nutritional qualities. This makes the balance between risks and benefits very hard to communicate.  This is sometimes described as the fish or seafood dilemma (FAO/WHO, 2010) . Poor risk communication around country food can lead to fear, confusion, undesirable changes in dietary behaviour and traditional lifestyles and impacts on society, economy and health in indigenous communities. To further complicate the issue, food substitutes may not be readily available and there is no guarantee that they would be culturally acceptable or affordable.

The AMAP assessment 2015: Human Health in the Arctic and a paper in the International Journal of Circumpolar Health by Krummel and Gilman provide an overview of risk communication in the Arctic which is summarized below (Krümmel & Gilman, 2016; Odland, Donaldson, Dudarev, & Carlsen, 2016). Risk communication is defined as messages and advice designed to reduce harm and maintain and improve health, delivered in a culturally and socially respectful manner. It is part of the hazard identification, risk assessment, mitigation and management process.  It is not unusual for considerable effort to be put into risk assessment while risk communication is forgotten or carried out but not evaluated. 

Risk communication should occur between a range of stakeholders including the local community, news media and interest groups. It requires people with expertise in a variety of fields including program planning, evaluation, communications theory, marketing and public health. Effective risk communication also requires a diversity of approaches such as written material, videos, signs, interpersonal contacts, etc. 

There are several well known rules of risk communication that bear repeating;
· Accept and involve the public as a legitimate partner
· Plan carefully and evaluate efforts
· Listen to the public's specific concerns
· Be honest, frank and open
· Coordinate and collaborate with other credible sources
· Meet the needs of the media
· Speak clearly and with compassion

Risk communication needs to take into account the nature of the hazard and the perception of risk held by the target audience.  A number of factors related to the hazard are important. Is the exposure voluntary or involuntary, known or unknown? Is the effect delayed in time? Is it related to human activity or a natural event? Risk perception can be influenced by a wide range of factors including age, gender, education, occupation, language, world view, culture. Politics, economics and cultural factors all shape perception in indigenous communities. The messages themselves may not be understood let alone remembered and acted upon. Compliance may not be possible as there may be extenuating circumstances such as food insecurity.

There are a broad range of electronic tools, technologies and applications that facilitate interactive communication in addition to traditional approaches such as radio, television, brochures, etc.  which rely on the one-way flow of information from health experts to the target group.  Social media can be used to provide health information that is accessible and timely and allows for an exchange of comments and feedback.  However, it depends on the availability of internet in northern communities.  

There are several pitfalls to risk communication. Risk communication messages intended for a local or regional population can be spread to other communities, regions or countries through global media and especially the internet regardless of the relevance or validity of the advice including to areas where the research has been done and no risk was found. For example, media may produce general messages such as "Inuit consume mercury when they consume country food."

[bookmark: _Toc507575278]Case studies

The Nunavut portion of the Inuit Health Survey identified mercury as an issue with exposure highest from ringed seal liver.  The following health advisory was issued:

"Country foods provide many essential nutrients that can lower the risk of chronic diseases.  Most Inuit adults in Nunavut need not be concerned about contaminant-related effects from country food consumption.  Generally, the benefits of eating country foods outweigh the risks from contaminant exposure. Inuit women of child bearing age who may become pregnant, are planning to get pregnant or are pregnant should avoid eating ringed seal liver due to its high mercury content.  Instead ringed seal meat is a great and healthy alternative."

It is important to note that an alternative was easily available. If seal liver was available then a safer alternative, seal meat, would also be close at hand. An evaluation of this health advisory showed that fewer than half of the people surveyed remembered hearing the risk communication messages on avoiding certain traditional foods due to contaminants. Eighty percent of participants reported hearing about the benefits of country food.  One third said they had modified their eating habits after hearing the message. The most population sources of information were friends, family, radio and television.

The Faroe Islands communicated widely on decreasing exposure to methylmercury by refraining from eating pilot whales. This led to a decrease in human tissue levels of mercury at a cost of the loss of the cultural identity of Faroese people who have relied on pilot whale for hundreds of years (Weihe & Joensen, 2012).

A survey in Greenland showed that blood mercury and PCBs were a concern but also found that obesity plays a greater role in adverse health outcomes than exposure to contaminants. The Greenland Board of Nutrition addressed this conflicting evidence about diet and health by issuing ten simple recommendations with some supporting statements. Greenlanders were advised to eat a varied diet including local food such as fish, along with fruit and vegetables and whole grains. They should think about what they eat and eat less sugar, candy, chips and cakes. The advice extended to being physically active at least one hour per day. The advice around fish included continuing to eat traditional marine food but avoiding or reducing consumption of older seals, toothed whales, seabirds and polar bear.  Substitute fish with lower contaminant levels and eat terrestrial animals. A limited evaluation of the broad campaign showed that 43% of the respondents were familiar with the recommendations but it is not known whether they actually followed the advice.
 
[bookmark: _Toc507575279]Lessons learned/optimal practices

The case studies above and other work have resulted in some optimal practices for risk communication in the Arctic. There should be full awareness of the most vulnerable groups in the community.  Involve indigenous people in research and communication. Messages should be clear and consistent with balanced information delivered by trusted sources. There should be a multipronged approach using a variety of media appropriate for the region including social media. Include workshops with all stakeholders. Communication efforts should occur frequently and for sustained periods and be evaluated at intervals. 
 
[bookmark: _Toc507575280]Summary

There is considerable evidence that exposure to methylmercury results in adverse neurodevelopmental outcomes in children exposed prenatally to methylmercury. The evidence for infants and children is less clear but blood guidance values include this group along with women who may become pregnant in the same category since the nervous system continues to develop after birth. The effects on adults are less clear.  However, it is a complex epidemiological picture with many confounders and interactions with other contaminants as well as with nutrients in country food. 

Methylmercury exposure occurs through food including country food which has health and socio-cultural benefits and contributes to food security. Some nutrients in fish are thought to be protective against the adverse effects of methylmercury and are an important source of nutrients for pregnant women and the developing fetus. However, the balance between the nutritional benefits and the risks of methylmercury exposure remains unclear. In terms of country food, this balance of the risks and benefits is complex and hard to communicate. This has been described as the Arctic dilemma or the fish dilemma. Poor risk communication around country food may result in unintended consequences such as fear, confusion and undesirable changes in dietary behaviour and traditional lifestyles. Replacing country foods with store bought foods could result in nutritional deficiencies, diabetes and obesity depending on the acceptability, availability and affordability of food choices. 

The dilemma of fish consumption can be addressed by an approach that balances the benefits of n-3 PUFA with the risk of methylmercury especially in pregnant women and advises to continue fish consumption with attention to the choice of species consumed to achieve the neurological benefits of PUFA intake while reducing methylmercury exposure. This approach should be tailored to the community, take the broad public health context into account and follow optimal communication practices including involving community members in designing the approach, using a variety of media appropriate to the community, communicating over a period of time and evaluating communication efforts. 
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