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Groth Consulting Services 

75 Clifford Avenue 

Pelham, NY  10803-1702 

914-738-5956 

nedgroth@cs.com 

 

May 24, 2011 

 

Honorable Tom Vilsack, Secretary  

U.S. Department of Agriculture 

1400 Independence Ave., S.W., Room 200-A  

Washington, DC 20250 

Sent via e-mail to: agsec@usda.gov 

 

Honorable Kathleen Sebelius, Secretary 

Department of Health and Human Services, Room 120F 

200 Independence Ave, SW 

Washington, DC  20201 

Sent via e-mail to: Kathleen.Sebelius@hhs.gov 

 

COPIES TO:   Margaret Hamburg, Commissioner, FDA 

  Lisa Jackson, Administrator, EPA 

 

 

Dear Secretaries Vilsack and Sebelius: 

 

We are writing to call your attention to two serious problems with the “Dietary Guidelines for 

Americans—2010.” First, there are serious scientific deficiencies in the section of the Guidelines 

that addresses the potential health risks from methylmercury exposure associated with eating fish 

and seafood. Second, an important error of interpretation on the same topic appeared in the press 

materials issued when the Guidelines were released last year. If that risk-communication error 

has affected consumer perceptions of the risks and benefits associated with fish and seafood 

consumption, significant harm to public health could result. 

 

We urge you to act promptly to revise the guidelines to address these scientific shortcomings, 

and to correct the mistaken impression created by inaccurate statements issued to the media. 

 

The Guidelines urge Americans to increase their seafood consumption; we agree with that 

recommendation. But in their analysis of the benefits and risks of fish consumption, the 2010 

Guidelines have failed to consider critical recent evidence on the risks associated with exposure 

to methylmercury from maternal fish consumption during pregnancy. Several epidemiological 

studies, described in the Appendix to this letter, strongly suggest that pregnant women should eat 

only varieties of fish and seafood with the lowest methylmercury levels. From its list of cited 

references, it appears that the Dietary Guidelines Advisory Committee did not review this recent 

literature, and thus was unaware of significant evidence of adverse effects of methylmercury on 

cognitive development at much lower dose levels than was recognized only a few years ago. 
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The Dietary Guidelines—2010 suggest that moderate methylmercury intake during pregnancy is 

acceptable. That advice is outdated, in light of current evidence, although it closely parallels the 

2004 Joint Advisory on the same topic issued by the Food and Drug Administration and the 

Environmental Protection Agency. The advisory, written before the studies cited in the Appendix 

were available, urges women to choose primarily lower-mercury fish, but also assumes that 

methylmercury exposure up to or even somewhat greater than the Reference Dose (RfD) poses 

no appreciable risk to the developing brain. Since several recent studies show adverse effects at 

doses near or below the RfD, that assumption is no longer tenable. It is now even more important 

that pregnant women be guided to choose only very low-mercury fish. 

 

Unfortunately, the advice in the 2010 Guidelines includes the suggestion (on page 39) that 

pregnant women “can eat all types of tuna,” despite the fact that tuna accounts for far and away 

the largest share of methylmercury in the American diet, contributing 37 percent of the total.
1
 

Even the least-contaminated variety, canned “light” tuna, has 5 to 10 times more methylmercury 

than shrimp or salmon, for example. In fact, more than 20 popular seafood varieties on the US 

market contain less, and often far less, methylmercury than any type of tuna; eight of the 10 top-

selling items, and two-thirds of the market as a whole, fall in this low-mercury category.
2
 It is 

therefore quite easy for consumers to choose familiar, tasty, affordable low-mercury fish and 

shellfish, without eating tuna, the predominant source of our methylmercury exposure. 

 

While the discussion of the benefits and risks of fish consumption during pregnancy in the 2010 

Dietary Guidelines is scientifically outdated, it reflects a balanced approach to risks and benefits. 

However, this was not the case for the press materials released with the Guidelines last summer. 

A document titled “Questions and Answers on the 2010 Dietary Guidelines Advisory Committee 

Report,” dated June 14, 2010, includes the following statement:  

 

“The Committee emphasized that, even for pregnant women, the benefits of consuming seafood far 

outweigh the risks.”  

 

That statement distorts what the scientific committee recommended and what the DGA report 

actually said. It sweeps aside the committee’s nuanced explanation that fish consumption by 

pregnant women is beneficial if women choose lower-mercury fish, and transforms a complex 

risk/risk balancing exercise into a simple-minded “either/or” choice in which risks are minimized 

and benefits exaggerated. It also manufactures a conclusion that the committee never reached. 

The statement that “the benefits of eating seafood far outweigh the risks” [emphasis added] does 

not appear in either the DGA report itself or the supporting scientific committee report. 

  

Unfortunately, this misinterpretation of the Guidelines has been a highly publicized element of 

the DGA report. The fishing industry and its public-relations consultants have used this quotation 

enthusiastically in their own press materials. It formed the basis for letters from Congress to the 

FDA, demanding that the 2004 advisory on methylmercury and fish consumption be revised to 

                                                 
1
 Groth, E. (2010), Ranking the contributions of commercial fish and shellfish varieties to mercury exposure in the 

United States: Implications for Risk Communication. Environmental Research 110:226-236. 
2
 Ibid. 
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make it consistent with the 2010 Dietary Guidelines.
3
 Numerous media reports on the guidelines 

have quoted the simplistic statement from the press materials and ignored the much more 

complex and balanced recommendations from the Guidelines themselves and their supporting 

scientific documents. 

 

As the attached Appendix shows, neither half of that quote—neither “The benefits far outweigh 

the risks,” nor “even for pregnant women”—is scientifically sound. Increased consumption of 

seafood is likely to benefit public health, but the more fish and shellfish consumers eat, the more 

they need to be aware of, and to take steps to manage, their methylmercury exposure. If 

Americans—and especially, pregnant women—indiscriminately simply “eat more fish,” without 

additional guidance to choose low-mercury fish, the public health damage associated with 

prenatal exposure to methylmercury will very likely increase substantially. 

 

We request that you address these important deficiencies in the 2010 Guidelines now, rather than 

waiting for the next 5-year revision cycle. We urge you to ask the scientific committee that wrote 

these Guidelines (or better yet, a new group, chosen for expertise on this specific topic) to review 

the evidence cited in the Appendix to this letter, and to update and refine the advice on fish 

consumption, particularly during pregnancy. 

 

We also request that you immediately issue a public statement disavowing the misleading quote 

cited above, from the June 2010 press materials, and clarifying that it does not accurately convey 

the substance of the 2010 Guidelines, which, while subject to review in light of recent evidence, 

correctly emphasize the importance of choosing low-mercury (and otherwise uncontaminated) 

seafood. We ask that this clarification be publicized as widely and vigorously as the original 

materials that contain this misrepresentation were publicized. 

 

Thank you very much for your attention to this urgent matter. 

 

 

Sincerely, 

 

 

Edward Groth III, PhD 

Groth Consulting Services 

Pelham, NY 

 

David C. Bellinger, PhD 

Professor, Department of Environmental Health, Harvard School of Public Health 

Cambridge, MA 

 

Leslie I. Boden, Ph.D. 

Professor, Department of Environmental Health 

Boston University, Boston, MA 02118 

                                                 
3
 See letter to FDA Commissioner Margaret Hamburg, dated March 7, 2011, from Senators Tom Coburn (R-OK) 

and Kirsten Gillibrand (D-NY); also, letter to Commissioner Hamburg dated march 11, 2011, from 16 members 

of the House of Representatives. 
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Joanna Burger, PhD 

Distinguished Professor of Biology, Rutgers University 

Piscataway, NJ   

 

Penny Fenner-Crisp, PhD 

USEPA, Retired 

Charlottesville, VA 

 

Sally Ann Lederman, PhD 

Institute of Human Nutrition 

Columbia University, New York, NY 

  

Frederica P. Perera, DrPH 

Director, Columbia Center for Children's Environmental Health 

Columbia University, New York, NY 

 

Urvashi Rangan, PhD 

Director, Technical Policy, Consumers Union of United States 

Yonkers, NY 

 

Susan Silbernagel, MPA 

The Gelfond Fund for Mercury Research and Outreach 

Stony Brook University, Stony Brook, NY 

 

David Wallinga, MD 

Senior Advisor, for Science and Health, Institute for Agriculture and Trade Policy 

Minneapolis, MN 

 

Kimberly Warner, Ph.D. 

Senior Scientist, Oceana 

Washington, DC 

 

Roberta F. White, PhD 

Professor and Chair, Department of Environmental Health 

Boston University School of Public Health, Boston, MA  
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APPENDIX 

 

Detailed Discussion of Risk-Benefit Questions 
 

 

(1)  Do the Benefits of Fish Consumption In General Far Outweigh The Risks? 

 

From a scientific perspective, this is not a valid way to pose the question. While it is often useful 

and appropriate to compare benefits and risks, care must also be taken to do so in a thoughtful, 

scientifically sound way. One needs to avoid comparing apples and oranges, and to consider not 

just the relative magnitude of estimated benefits and risks, but also how they are distributed. 

 

Several additional questions should be part of any analysis of risks and benefits associated with 

dietary choices: Who benefits? Who bears the risk? How large are the individual benefits and 

risks? How large is the maximum benefit, and who receives it? How large is the maximum risk, 

and who bears it? And, most crucially: Can benefits be optimized while risks are simultaneously 

minimized? If so, what policies would support such a “win-win” outcome?  

 

General Aspects of the Distribution of Benefits and Risks 

 

Contrasting the benefits and risks of fish consumption is an “apples and oranges” comparison in 

certain respects. To begin with, there are multiple types of benefits and risks. Some studies have 

associated fish consumption with a reduced risk of death from heart attack and stroke.
4
 At the 

same time, several other well-designed epidemiological studies suggest that the methylmercury 

exposure associated with consumption of higher-mercury fish can increase the risk of death from 

cardiovascular disease, cancelling out much or all of the expected benefit.
5
 Fish also contain 

nutrients—primarily the omega-3 fatty acids—essential for brain development, and maternal fish 

consumption or use of fish-oil supplements during pregnancy has been associated with improved 

cognitive performance in children.
6
 But prenatal exposure to methylmercury,

7
 and to certain 

persistent organic pollutants such as polychlorinated biphenyls (PCBs),
8
 each of which is also 

associated with fish consumption during pregnancy, can have well-documented adverse effects 

on cognitive development. In addition to being qualitatively quite different, these benefits and 

risks are also very differently distributed, complicating comparisons.  

 

                                                 
4
 Institute of Medicine (2007), Seafood Choices: Balancing benefits and Risks. Washington DC: National Academy 

Press. Also, Mozaffarian, D. and Rimm, E.B. (2006), Fish intake, contaminants and human health: Evaluating 

the risks and benefits, Journal of the American Medical Association 296(15):1885-1899. 
5
 Roman, H.A., et al. (2011), Evaluation of the cardiovascular effects of methylmercury exposures: Current evidence 

supports development of a dose-response function for regulatory benefits analysis. Environmental Health 

Perspectives doi:10.1289/ehp.1003012.  
6
 IOM (2007), note 4 above. 

7
 Grandjean, P., et al. (1997), Cognitive deficit in 7-year-old children with prenatal exposure to methylmercury. 

Neurotoxicology and Teratology 19:417-428. See discussion and further references in Part 2 of this Appendix. 
8
 Jacobson, J.L. and  Jacobson, S.W. (2003) Prenatal exposure to polychlorinated biphenyls and attention at school 

age. Journal of Pediatrics 143(6):780-788. Also, Verner, M.A., et al. (2010), Alteration of infant attention and 

activity by polychlorinated biphenyls: Unraveling critical windows of susceptibility using physiologically based 

pharmacokinetic modeling. Neurotoxicology 31(5):424-431.  
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Cardiovascular Benefits and Risks. Fish consumption may benefit cardiovascular health through 

different mechanisms: directly, by providing beneficial nutrients like omega-3 fatty acids, and 

indirectly, by substituting in the diet for other protein sources, such as red meats, that are higher 

in saturated fats that contribute to cardiovascular risk. The direct mechanism would be associated 

primarily with consumption of specific fish varieties that are rich sources of omega-3s, while the 

substitution effect should provide benefits roughly in proportion to the total amount of fish eaten, 

regardless of types of fish chosen. Current evidence is insufficient to determine which of these 

mechanisms is more important in explaining the observed cardiovascular benefits.
9
 

  

Epidemiological research has not yet clearly associated differential benefits with consumption of 

specific varieties of fish. When modeling the distribution of cardiovascular benefits, therefore, 

the default assumption is that benefits accrue from eating any type of seafood. While benefits 

probably increase with overall fish consumption, some evidence suggests that the relationship is 

non-linear. Greater benefits are associated with relatively lower levels of consumption; that is, 

eating fish once or twice a week, as opposed to eating fish rarely or not at all, has a greater 

incremental benefit than increasing consumption from, say, three to four times a week does.
10

 

Given available data, the default assumption, again, is that everyone who eats fish gains some 

cardiovascular benefit in rough proportion to amounts of fish consumed. 

 

On the risk side, adverse effects of methylmercury on the cardiovascular system depend heavily 

on the types of fish consumed. The US market for seafood is comprised of more than 50 varieties 

of fish and shellfish that together make up more than 97 percent of the seafood Americans eat; 

those same 50+ varieties vary by more than 100-fold in their average methylmercury level.
11

 

Epidemiological studies of methylmercury exposure and cardiovascular health have associated 

elevated risk with higher exposure, which is in turn associated with regular consumption of 

higher-mercury fish. Although this body of evidence is small and not all studies have found 

adverse effects, the best-designed studies are persuasive enough that the US Environmental 

Protection Agency is now considering including reductions of cardiovascular risk in its estimates 

of the public-health benefits of actions that reduce mercury pollution.
12

 A recent analysis of 

those benefits suggests that the health cost to Americans of mercury-related cardiovascular risk 

is substantially greater than that of prenatal methylmercury exposure.
13

 

 

Benefits and Risks, Prenatal Cognitive Development. The benefits of fish consumption during 

pregnancy for prenatal cognitive development are generally attributed to the omega-3 fatty acids; 

however, most observational studies have simply associated benefits with fish consumption. 

Clinical trials with the use of fish-oil supplements during pregnancy or added to infant formula 

have shown improved cognitive performance in children,
14

 although a series of recent studies in 

                                                 
9
 IOM (2007), Note 4 above. 

10
 Mozaffarian and Rimm (2006), Note 4 above. 

11
 See Table AA-3, pages 134-137, in U.S. Food and Drug Administration (2009), Draft Risk and Benefit 

Assessment Report, Center for Food safety and Applied Nutrition, FDA, January 15, 2009. 
12

 Roman et al. (2011), Note 5 above. 
13

 Rice, G.E., Hammitt, J.K. and Evans, J.S. (2010), Probabilistic characterization of the health benefits of reducing 

methyl mercury intake in the United States. Environmental Science and Technology 44:5126-5224. 
14

 Cohen, J.T., et al. (2005)  A quantitative analysis of prenatal intake of n-3 polyunsaturated fatty acids and 

cognitive development. American Journal of Preventive Medicine 29(4): 366-374. 
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Australia found no such beneficial effects.
15

 It is not currently possible to quantify differences in 

beneficial effects associated with consuming fish varieties of higher or lower omega-3 content. 

While some nutritionists now advise pregnant women to choose “oily fish,” or specific varieties 

high in omega-3s, for modeling purposes the default assumption is once again that these benefits 

accrue to all children whose mothers eat fish while pregnant, in rough proportion to the overall 

level of maternal fish consumption. 

 

In contrast to these somewhat diffuse benefits, the prenatal developmental risks associated with 

contaminants have highly skewed distributions. Because methylmercury levels in seafood types 

vary by more than 100-fold, the specific varieties of fish chosen are the most important drivers of 

this risk. Similarly, levels of PCBs and other persistent organic pollutants also vary widely in 

different types of seafood, depending on factors like trophic level and size and age of the fish, 

and often vary geographically, with proximity to pollution sources.
16

 

  

Adverse effects of methylmercury on cognitive development have been documented most clearly 

in small subsets of the population with comparatively high exposure (see detailed discussion in 

Part 2 of this Appendix). As would be expected, adverse effects of PCBs and other organic 

pollutants are also more likely among highly-exposed subsets of the population.
17

 

  

In practical terms, the different distributions of benefits and risks mean that while everyone who 

eats fish benefits to some degree, the risks from methylmercury exposure fall disproportionately 

on a small minority of the population. Cardiovascular risk is borne primarily by individuals who 

eat fish often and who also consistently choose higher-mercury fish varieties, giving them far 

above average methylmercury exposure. The risk of prenatal cognitive damage falls primarily on 

children whose mothers fit into that same high-exposure subpopulation. 

 

Detailed Analysis: Skewed Distribution of Methylmercury Exposure 

 

The NHANES surveys have shown that methylmercury exposure is correlated with seafood 

consumption; i.e., the more fish one eats, the greater one’s methylmercury exposure.
18

 However, 

exposure is driven even more strongly by the types of fish chosen. For example, if a woman ate 

two 5-ounce fish servings per week, and if (for the sake of this illustration) she ate just salmon, 

with an average methylmercury content of 0.014 ppm according to FDA data, she would ingest 4 

micrograms (µg) of methylmercury per week. If she instead ate two servings of canned “light” 

tuna (average 0.118 ppm), her weekly methylmercury dose would be 33 µg. If she chose canned 

albacore tuna, at 0.353 ppm, her dose would be 100 µg. In the unlikely event that she ate 

swordfish twice a week (ignoring widespread advice to avoid this high-mercury species), her 

weekly methylmercury dose would be 277 µg. In these examples, if the woman ate one more or 

                                                 
15

 See for example, Makrides, M., et al. (2010), Effect of DHA supplementation during pregnancy on maternal 

depression and neurodevelopment of young children: a randomized clinical trial. JAMA 304(15):1675-1683 
16

 For example, see state fish consumption advisories on PCBs, such as this one from the Wisconsin Department of 

Health Services, at http://www.dhs.wisconsin.gov/eh/hlthhaz/fs/PCBlink.HTM 
17

 See Jacobson and Jacobson (2003), Note 8 above. 
18

 Mahaffey, K.R., R.P. Clickner and R.A. Jeffries (2009)  Adult women’s blood mercury concentrations vary 

regionally in the United States: Association with patterns of fish consumption (NHANES 1999-2004). 

Supplemental Table 2. Environmental Health Perspectives 117(1): 47-53. Supplemental materials available at 

http://dx.doi.org/ as doi:10.1289/ehp.11674. 

http://www.dhs.wisconsin.gov/eh/hlthhaz/fs/PCBlink.HTM
http://dx.doi.org/
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one less fish meal per week, again choosing the same variety for all meals, her methylmercury 

dose would increase or decrease by 50 percent. But with fish intake held constant, her choice of 

fish variety can result in a 70-fold (7,000 percent) difference in methylmercury exposure. 

 

Figures 1 and 2 (next page) illustrate the very different distributions of cardiovascular benefits of 

fish consumption and methylmercury risks. Figure 1 is a somewhat schematic representation of 

the default assumption that cardiovascular benefits increase with amounts of fish consumed. The 

figure shows a non-linear dose-effect relationship, with greater proportional benefits associated 

with one or two servings per week and benefits leveling off at higher consumption rates. Figure 2 

shows that most American women of childbearing age have blood methylmercury levels below 2 

µg/L, but the distribution is highly skewed. A few percent of the population have much higher 

than average levels, and a fraction of one percent have levels that approach or exceed 10 times 

the average. People who eat fish most often, and among those high-end consumers, people who 

prefer to eat the higher-mercury, larger predatory species such as swordfish and tuna, fall into 

this elevated-exposure subset. 

 

Figure 2 is a graphic representation of a 2009 exposure modeling analysis by the Food and Drug 

Administration.
19

 Using NHANES data, FDA estimated that the mean blood methylmercury 

level among US women of childbearing age is 1.32 µg/L. The estimated 50
th

 percentile level for 

that population in FDA’s model is 0.8 µg/L; the 75
th

 percentile level is 1.6 µg/L; the 90
th

 

percentile level is 3.4 µg/L; and the 95
th

 percentile level is 5.5 µg/L. Within the highest-exposure 

group, FDA estimated the 99
th

 percentile blood mercury level to be 12.0 µg/L; the 99.5
th

 

percentile level, 14.0 µg/L, and the 99.9
th

 percentile level, 22.7 µg/L. 

 

In 1999, the Environmental Protection Agency defined 5.8 µg/L as the “Reference Level” for 

methylmercury in blood. This blood level corresponds to dietary intake at the Reference Dose, 

the dose EPA judged then to be reasonably certain to pose no significant health risk to the 

developing brain. (As we will show in Part 2, below, the assumption that there is no appreciable 

risk at the current Reference Dose is no longer tenable.) The methylmercury data from the 1999-

2006 NHANES surveys show that 5 to 6 percent of American women of childbearing age exceed 

this safety guideline. Children born to those high-exposure women bear the greatest share of risk 

from methylmercury in fish, and reducing their exposure has been the primary focus of risk-

management measures. 

 

Some studies described in Part 2 found adverse effects on cognitive development in children 

born to women whose methylmercury exposure was above the 90
th

 percentile, and blood levels 

were around or above about 5 µg/L. I.e., adverse effects have now been observed in populations 

with exposures near or below the 1999 Reference Level. It is sensible to infer that women with 

blood methylmercury levels above the 99
th

 percentile—i.e., much farther above the Reference 

Level—are exposing their babies to proportionally larger risks of cognitive deficits. While a 

hazard that affects only one in 10 babies, and more severely affects only one in 100 babies, may 

seem small, with 4 million births per year in the US, the absolute numbers are tens or hundreds 

of thousands of affected children every year.  

                                                 
19

 See Table II-1, pages 8-9, in U.S. Food and Drug Administration (2009), Draft Risk and Benefit Assessment 

Report, Center for Food safety and Applied Nutrition, FDA, January 15, 2009. 
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FIGURE 1. Distribution of Cardiovascular Benefits  
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FIGURE 2. Distribution of Blood Mercury Levels 

In American Women Ages 16-45 
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Discussion 

 

The very different distributions of cardiovascular and cognitive benefits of fish consumption, on 

one hand, and the cardiovascular and cognitive hazards associated with methylmercury exposure, 

on the other hand, confound the effort to compare these benefits and risks. While it may make 

some sense to “average out” the benefits across the population as a whole, or to treat them as a 

simple function of overall seafood consumption (primarily because we lack definitive data to 

differentiate benefits according to specific varieties of seafood consumed), the same approach is 

not scientifically valid for examining methylmercury risks, which have well documented skewed 

distributions. Therefore, statements comparing aggregate benefits with aggregate risks (as in, 

“The benefits far outweigh the risks”) are not scientifically defensible. 

 

In addition, such broad-brush comparisons are not an ethically sound basis for policy. The best 

evidence suggests that American fish consumption patterns and their associated skewed 

distribution of methylmercury exposure impose significant health damage on a small minority of 

children, those born to women with high methylmercury exposure. Similarly, methylmercury 

exposure may “cancel out” the cardiovascular benefits and increase the risk of cardiovascular 

mortality for adults with the highest lifelong mercury exposure. Unless there is no way to avoid 

it, it is not ethically acceptable for society to allow a small minority to bear a significant health 

risk simply because the large majority enjoys a small average health benefit from the society’s 

aggregate consumption patterns. Fortunately, in this case there are readily discernible policy 

approaches that can help avoid this outcome. 

 

Are Benefit-Risk Trade-Offs Inevitable? Do Americans have to accept methylmercury exposure 

as an unavoidable risk in order to enjoy the health benefits of increased fish consumption? In a 

word, no. Americans can eat more fish, gain the nutritional benefits, and simultaneously 

minimize methylmercury exposure and its attendant risks. This obvious “win-win” outcome rests 

on advising consumers to “Eat more fish, and choose primarily lower-mercury fish,” and on 

giving them more and better information about the mercury content of different seafood choices, 

so they can more effectively manage their own methylmercury exposure. 

 

An example of consumer information sorting fish and shellfish by mercury content is attached at 

the end of this Appendix, as Table 1.
20

 Several similar guides have been published, some as 

wallet-sized cards that consumers can take to the fish market.
21

 Providing such information does 

not frighten consumers; it empowers them, giving them facts that enable them to increase their 

fish consumption while minimizing their methylmercury exposure.  

 

Choosing low-mercury fish is not difficult. Of the 10 top-selling fish and shellfish on the US 

market, four (shrimp, salmon, tilapia and clams) fall into the “very low mercury” category in 

Table 1, while four more (pollock, catfish, crabs and flatfish) fall into the “below average 

mercury” category. Given this information, consumers could easily increase fish consumption if 

they wished to, by choosing familiar, popular, affordable lower-mercury items. 

                                                 
20

 The source of Table 1 is Groth (2010), Note 1 above (and Note 22 below). 
21

 For example, Environmental Defense Fund “Seafood Selector,” at http://www.edf.org/page.cfm?tagID=15890; a 

program at Purdue University (http://fn.cfs.purdue.edu/fish4health/Walletcard/walletcard.html) offers both a 

wallet card and an application for mobile phones. 

http://www.edf.org/page.cfm?tagID=15890
http://fn.cfs.purdue.edu/fish4health/Walletcard/walletcard.html


11 | P a g e  

 

 

The striking higher-methylmercury exception among the 10 top-selling items is canned tuna, the 

most heavily consumed fish product in the American diet. Canned tuna ranks second (behind 

shrimp) among all seafood choices and accounts for 15 percent of total seafood sales. But tuna 

contains much more mercury than any other top-selling seafood variety. Canned “white” (or 

albacore) tuna contains three times as much methylmercury as does canned “light” tuna, but the 

“light” variety has three times the market share that albacore does. Combined, the two types of 

canned tuna account for 31.7 percent of the methylmercury in the American diet.
22

 Tuna steaks 

and tuna sushi add another 5.7 percent, bringing tuna’s total share of US mercury exposure to 

37.4 percent. In contrast, swordfish, which has a much higher average methylmercury level than 

most types of tuna, makes up just 0.44 percent of the market and provides only 5 percent of total 

methylmercury exposure. The entire “very low mercury” category in Table 1—10 types of fish 

and shellfish that, combined, make up 43 percent of the US seafood market—contributes just 9 

percent of total methylmercury exposure, or less than one-quarter as much as tuna alone does.  

 

If Americans were advised to “Eat more fish, and choose primarily lower-mercury fish,” and 

were given sufficient information on the mercury levels in different fish and shellfish, their 

seafood consumption would very likely increase, with significant public-health benefits. Low-

mercury varieties like salmon and tilapia would gain market share; some at-risk populations—

but not necessarily everyone—would probably reduce their tuna consumption. Needless to say, 

this scenario concerns the tuna industry. Since the federal government began advising consumers 

to choose low-mercury fish in 2004, the industry has acted aggressively to protect its billion-

dollar-a-year market. Tuna companies have spent millions on ads urging consumers to “eat more 

tuna.” Some ads have specifically targeted women of childbearing age,
23

 in a focused effort to 

counter the expected impact of government advice to that population. None of the ads mention 

tuna’s role as the largest source of American methylmercury exposure. 

 

The industry has also hired a public-relations firm to try to change perceptions of the benefit/risk 

issue,
24

 to reframe the debate, so consumer decisions are seen as either eating fish or not eating 

fish. When public health advocates have advised Americans to eat more fish and to choose low-

mercury fish, the industry has responded as if the advice were “don’t eat fish” and asserted that 

avoiding mercury causes loss of public health benefits. They have repeatedly claimed that “the 

benefits far outweigh the risks,” urged consumers to “eat more fish” indiscriminately, dismissed 

risks associated with methylmercury exposure as unproven or minuscule, and attacked the 2004 

FDA/EPA Advisory as “excessively risk-averse.” Unfortunately, the press materials issued with 

Dietary Guidelines for Americans—2010, quoted in our letter, framed this issue almost exactly 

as the industry has sought to frame it—as a false either/or choice—and echoed the industry’s 

simplistic, misleading PR message that “the benefits far outweigh the risks.” 

 

As shown here, that message does not rest on a valid scientific foundation. It is imperative that 

the government act to correct the misimpression that this is the central message about seafood in 

the Dietary Guidelines for Americans—2010. 

                                                 
22

 Groth, E (2010), Ranking the contributions of commercial fish and shellfish varieties to mercury exposure in the 

United States: Implications for Risk Communication. Environmental Research 110:226-236.  
23

 See, for example, http://tunathewonderfish.com/episodes/ 
24

 See http://www.prwatch.org/node/4872, also, http://www.highbeam.com/doc/1G1-153893083.html  

http://tunathewonderfish.com/episodes/
http://www.prwatch.org/node/4872,
http://www.highbeam.com/doc/1G1-153893083.html
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(2)  Do the Benefits of Fish Consumption During Pregnancy Outweigh The Risks? 

 

The press materials issued with Dietary Guidelines for Americans—2010 did not simply state 

that the benefits of eating fish far outweigh the risks in general. They added, “even for pregnant 

women.” As noted in Part 1, eating fish during pregnancy has potentially beneficial effects on 

cognitive development, presumably via the omega-3 fatty acids the fish provide, and poses risks 

to cognitive development, associated with exposure to methylmercury and other contaminants. 

But are these particular benefits far greater than these particular risks? 

 

The positive and negative effects of fish consumption on cognitive development can confound 

each other in epidemiological studies; beneficial effects can mask adverse ones, and vice versa. 

Sorting out these different effects and quantifying each has posed a research-design challenge. In 

the past few years, several studies have overcome that challenge and have quantified both the 

benefits of fish nutrients and the harm caused by methylmercury in children whose mothers ate 

fish while pregnant, by using statistical methods that allow each effect to be adjusted for the 

confounding effect of the other outcome.  

 

These recent studies offer a convincing answer to the question posed in this section heading, and 

the answer is an unequivocal “no.” The harm done to the developing brain by prenatal exposure 

to methylmercury generally appears to be of about the same magnitude as the beneficial effect of 

fish nutrients for cognitive development, and some studies suggest that the adverse effect is 

larger. This body of research also clearly suggests that children can gain the cognitive benefits 

and largely avoid the harm if their mothers eat low-mercury fish while they are pregnant. We 

review here in some detail several recent studies that have quantitatively compared benefits of 

nutrients in fish with adverse effects of prenatal methylmercury exposure. 

 

 

1. The Faeroe Islands Study 

 

A long-term prospective study in the Faeroe Islands has examined adverse effects of prenatal 

exposure to methylmercury on cognitive development in a population with a seafood-rich diet. 

The Faeroese diet also includes pilot whale meat, which has a very high methylmercury content. 

A study begun there some 25 years ago recruited a cohort of 1,022 pregnant women, measured 

their methylmercury exposure during pregnancy and that of their babies at birth, and has tested 

the children for cognitive development into their teenage years. This study has consistently 

documented long-lasting adverse effects on cognitive development (and other adverse effects) 

associated with the children’s prenatal methylmercury exposure.
25

 

 

A similarly-designed prospective study in the Seychelles Islands (described in the next section) 

for many years observed no statistically significant adverse effects of prenatal methylmercury 

exposure on cognitive development. In seeking to understand the apparently different outcomes 

                                                 
25

 Grandjean, P., et al. (1997), Cognitive deficit in 7-year-old children with prenatal exposure to methylmercury. 

Neurotoxicology and Teratology 19:417-428. Also, Debes, F., et al. (2006), Impact of prenatal methylmercury 

toxicity on neurobehavioral function at age 14 years. Neurotoxicology and Teratology 28:363-375. 
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of similar studies, the investigators first focused on imprecision in the measurement of prenatal 

methylmercury exposure, which reduces the ability to detect adverse effects and exaggerates the 

effects of confounding.
26

 The two research teams involved each also considered the possibility 

that beneficial effects from fish nutrients might be confounding their ability to observe damage 

from methylmercury, and vice versa. Both teams then refined their study designs and statistical 

approaches to try better to take such possible confounding into account.  

 

When the Faeroes data were re-analyzed, treating maternal fish consumption during pregnancy 

as a confounding variable, the negative effects of methylmercury were found to be about twice as 

large as had been previously reported.
27

 The improved analysis also showed that maternal fish 

intake during pregnancy was associated with higher test scores for motor and spatial functions. 

This analysis strongly suggests that studies of benefits and/or adverse effects of fish consumption 

during pregnancy must analyze rigorously for possible confounding effects each set of outcomes 

may have on the other set. Unfortunately, most published studies have not done so, but have 

measured either just benefits or just adverse effects. The remainder of this Appendix reviews 

studies that for the most part have effectively taken this type of confounding into account. 

 

 

2. The Seychelles Child Development Nutrition Study  

 

The Seychellois diet is very high in seafood, and the methylmercury exposure of the population 

is consequently substantially higher than that of Americans. In published reports from their 

initial Seychelles Child Development Study, the research team found no consistent associations 

between maternal methylmercury exposure and cognitive outcomes in children.
28

 In 2001, they 

began a second study of 228 mother-child pairs, focused on examining the possible beneficial 

effects on cognitive development associated with the generous amounts of fish in the maternal 

diet. However, mindful of the differing results of the Faeroes study and the confounding problem  

just described, they designed their current study to control for these confounding effects in the 

analysis.
29

 

 

A paper by Philip Davidson et al. in 2008
30

 was the first in a series of reports based on those new 

statistical methods. Since then several additional papers have elaborated on and confirmed the 

findings highlighted in the first paper. Key results are shown in Table 2, at the end of this 

Appendix. The cognitive test used was the Bayley Scales of Infant Development, 2
nd

 Edition 

(BSID-II), administered at 9 and 30 months of age. The BSID-II test includes two measures, the 

Mental Development Index (MDI) and the Psychomotor Development Index (PDI). 

 

                                                 
26

 Budtz-Jorgensen, E., et al. (2003), Consequences of exposure measurement error for confounder identification in 

environmental epidemiology. Statistics in Medicine 22:3089-3100. 
27

 Budtz-Jorgensen, E., Grandjean, P., and Weihe, P. (2007), Separation of risks and benefits of seafood intake. 

Environmental Health Perspectives 115:323-327. 
28

 Davidson, P.W., et al. (2008), Association between prenatal exposure to methylmercury and visuospatial ability at 

10.7 years in the Seychelles Child Development Study. Neurotoxicology 29(3):453-459. 
29

 Myers, G.J., Davidson, P.W. and Strain, J.J. (2007), Nutrient and methylmercury exposure from consuming fish. 

Journal of Nutrition 137(12):2805-2808. 
30

 Davidson, P.W., et al. (2008) Neurodevelopmental effects of maternal nutritional status and exposure to 

methylmercury from eating fish. Neurotoxicology 29(5): 767-775. 
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After adjusting for the confounding beneficial effects of fish nutrition, the investigators for the 

first time found an adverse effect of methylmercury exposure on child cognitive development. 

The result was a small (- 2.7 points) but statistically significant decrease in the PDI component 

of the BSID-II at age 30 months. No significant effects on either the PDI or the MDI score at 9 

months, nor on the MDI at 30 months, were observed. 

 

The women in this Seychellois cohort reported eating about four times as much seafood per 

week as the average for women of childbearing age in the US. Their average hair mercury level 

was 5.9 ppm, far above the US average, which is less than 1 ppm. Despite that high exposure 

level, while this study did find an adverse effect from methylmercury after adjusting for the 

effect of fish nutrients, the effect was smaller than those seen in the Faeroes study and in other 

studies (including two in the US) discussed in sections below. 

 

An unexpected finding of this study was that there was no consistent association between the 

mothers’ reported fish consumption and outcomes on either component of the BSID-II, at either 

age of testing.
31

 In a more detailed analysis, maternal blood levels of omega-3 fatty acids were 

measured, and the authors found no association between blood omega-3 levels and either 

component of the BSID-II test at age 30 months. There was a small but significant positive 

association with total blood omega-3 levels on the PDI at 9 months, and a small negative effect 

associated with the ratio of omega-6/omega-3 fatty acids on the same index at 9 months. Both 

effects were stronger after adjustment for the confounding effect of methylmercury. But these 

effects did not persist when the children were tested at the age of 30 months.
32

  

 

An interesting additional observation from this study is that mothers’ measured blood omega-3 

levels did not correlate with their reported fish consumption.
33

 This suggests that type of fish 

consumed may be more critical than the total amount consumed in terms of possible nutritional 

benefits to the fetus, and that self-reported fish intake may not be an accurate indicator of 

potential benefits of fish intake during pregnancy. 

 

In a subsequent paper, the Seychelles team provided more detailed descriptions of their statistical 

methods and recapitulated the results of their 2008 papers.
34

 They noted that there was a clear 

beneficial effect of the omega-3 fatty acid DHA at low levels of methylmercury exposure, but as 

mercury exposure increased, that effect became smaller and ultimately vanished.  

 

The population examined in these studies was quite small; to increase the statistical power of the 

study, the investigators refined their methods in a later paper, using a longitudinal analysis that 

enabled them to combine data from the tests at two ages and explore whether beneficial and 

                                                 
31

 Ibid. 
32

 Strain, J.J., et al. (2008)  Associations of maternal long-chain polyunsaturated fatty acids, methyl mercury, and 

infant development in the Seychelles Child Development Nutrition Study. Neurotoxicology 29:776-782. 
33

 Bonham, M.P., et al. (2008)  Habitual fish consumption does not prevent a decrease in LCPUFA status in 

pregnant women (the Seychelles Child Development Nutrition Study). Prostaglandins, Leukotrienes and 

Essential Fatty Acids 78:343-350. E-published at doi:10.1016/j.plefa.2008.04.005. 
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 Lynch, M.L., et al. (2011), Varying coefficient functions models to explore interactions between maternal 

nutritional status and prenatal methylmercury toxicity in the Seychelles Child Development Nutrition Study. 

Environmental Research 111(1):75-80. 



15 | P a g e  

 

adverse effects changed over time.
35

 Since their earlier analysis had seen no effect of either 

maternal nutrition or methylmercury on the MDI component of the BSID-II at either age, this 

analysis focused only on the PDI component. With their improved methodology, they found a 

significant adverse effect of maternal hair mercury and a significant beneficial effect of maternal 

blood omega-3 levels on the PDI score, at both ages. The beneficial effect was larger, but with a 

much wider confidence interval. In this case, they found no apparent effect of omega-3 exposure 

on the magnitude of the methylmercury effect on the PDI. 

 

 

3. Project Viva Study, Boston 

 

A team of investigators associated with an ob-gyn practice in the Boston area is conducting a 

large, prospective study of women enrolled when they became pregnant and the children born to 

them, looking for associations between numerous dietary and environmental factors that might 

have affected the women and their babies during gestation and a wide variety of health outcomes 

as the children develop. 

  

In a 2005 paper from this study,
36

 Emily Oken et al. tested a cohort of 135 children for cognitive 

development at age six months, looking for associations with maternal fish consumption and 

methylmercury exposure during pregnancy. Key results are shown in Table 2. 

 

The study used a test for visual recognition memory (VRM) to assess cognitive development.  

Maternal mercury exposure was measured in hair samples taken during pregnancy; the children 

were classified as low- or high-mercury, with high-mercury defined as above the 90
th

 percentile 

of maternal hair mercury. Mothers’ fish consumption, self-reported on a questionnaire completed 

during prenatal visits, was used to classify women into two groups, with the break point at two 

seafood servings per week. Multiple regression analysis was used to measure associations 

between maternal fish consumption, hair mercury level, and positive and negative effects on 

infants’ cognitive performance. The study design also used sophisticated statistical analyses to 

treat beneficial effects of fish nutrients and adverse effects of methylmercury as confounding 

variables that each could mask the other effect. The authors adjusted their mercury results for 

nutrient benefits, and vice versa. These methods enabled them to show clear-cut beneficial and 

adverse effects in their study cohort. 

 

Children born to women in the high fish-consumption group had VRM scores 4.0 points higher 

than those whose mothers ate less fish. But infants whose mothers were in the high-mercury-

exposure group had VRM scores 7.5 points lower than those with less mercury exposure. Each 

effect was stronger and more readily detected when the confounding effect of the other variable 

was taken into account. 

 

The most notable aspect of this study, other than the statistical methods that allowed them to 

observe the associations, was the nature of the study population. Women in this cohort are quite 

                                                 
35

 Stokes-Riner, A., et al. (2010), A longitudinal analysis of prenatal exposure to methylmercury and fatty acids in 

the Seychelles. Neurotoxicology and Teratology 33:325-328. 
36 Oken, E., et al. (2005)  Maternal fish consumption, hair mercury, and infant cognition in a U.S. cohort. 
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typical of women of childbearing age from the Northeast US in terms of fish consumption and 

mercury exposure. Their mean fish consumption was 1.2 meals per week, somewhat above the 

US average but close to average for the Northeast. The 90
th

 percentile maternal hair mercury 

level in the study cohort was 1.2 ppm, while the 90
th

 percentile in the NHANES sample was 1.1 

ppm. We may reasonably assume that women with 90
th

 percentile hair mercury also have a blood 

mercury level around the 90
th

 percentile. The 90
th

 percentile blood mercury level in women in 

the Northeast region in the NHANES sample was 5.2 µg/L.
37

 The Reference Level, established 

by the Environmental Protection Agency in 1999 and presumed to be without appreciable risk, is 

5.8 µg/L.
38

 I.e., this study provides evidence of adverse effects of methylmercury on prenatal 

cognitive development at exposure levels near or below the Reference Level. 

 

A second report by the same team in 2008
39

 presented findings of cognitive testing performed on 

341 children at the age of three years. As Table 2 shows, the results were quite similar to the 

findings at age 6 months. In this case, children were evaluated using the Peabody Picture 

Vocabulary Test (PPVT), which measures verbal development, and the Wide Ranging 

Assessment of Visual Motor Abilities (WRAVMA), a test that involves matching and copying 

figures and evaluates fine motor coordination. Children of mothers in the high-mercury group 

had significantly lower scores than children of mothers with lower mercury levels on both tests, 

4.5 points lower on the PPVT and 4.6 points lower on the WRAVMA. Children whose mothers 

ate fish more than twice a week scored 6.4 points higher on the WRAVMA than children of 

mothers who ate no fish; their PPVT score was 2.2 points higher, but this difference was not 

statistically significant. These results strengthen the conclusion that fish consumption during 

pregnancy has both beneficial and adverse effects on children’s cognitive development.  

 

As in the 2005 paper, the fish consumption and mercury exposure of the mothers in the 2008 

study cohort were well within the typical range. They ate an average of 1.5 fish meals per week; 

“high” consumers were defined as those who ate seafood twice a week or more. Twelve percent 

of the studied women fell into that “high” category; nationally, about 5 percent do. High mercury 

exposure in this group was also defined as above the 90
th

 percentile, in this case in maternal red 

blood cell mercury, and it is again reasonable to assume that the women in the high-mercury 

group had whole blood mercury levels above the 90
th

 percentile, i.e., above 5.2 µg/L. 

 

 

4. Columbia University Study, New York City 

  

This study was carried out by Sally Ann Lederman et al. at the Columbia Center for Children’s 

Environmental Health in the Mailman School of Public Health at Columbia University. It 

recruited women who were exposed to air pollutants from the September 11, 2001 disaster at the 

World Trade Center (WTC) in New York City while pregnant, and evaluated the cognitive 

development of 151 of the children.
40

 Mothers’ and babies’ blood mercury levels were examined 

                                                 
37 Mahaffey et al. (2009), Note 17 above. 
38
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for associations with proximity to the WTC fires and with fish in the diet. Assessments of 

cognitive development were performed at the ages of 12, 24, 36 and 48 months.  

 

No association was found between living or working near the WTC and maternal blood mercury 

or babies’ (umbilical cord blood) mercury levels. However, blood mercury levels were strongly 

associated with fish consumption. Both beneficial effects of fish intake and adverse effects of 

methylmercury exposure on cognitive development were observed. As in the Boston study, this 

one considered mercury effects and nutrient effects as potential mutual confounders, adjusted the 

model statistically to take those opposing effects into account, and was then able to observe 

clearer and stronger associations for each variable. 

 

The cognitive tests used were the BSID-II, described above in discussion of the Seychelles study, 

administered at ages 12, 24 and 36 months, and the Wechsler Preschool and Primary Scale of 

Intelligence, Revised (WPPSI-R), given at age 48 months. As noted earlier, the BSID-II includes 

two measures, the Mental Development Index (MDI) and the Psychomotor Development Index 

(PDI). The WPPSI-R tests provide Verbal, Performance and Full IQ scores. 

 

The key results, shown in Table 2, found significant positive and negative effects on the PDI 

component of the BSID-II at age 36 months and on WPPSI-R IQ scores at 48 months. Effects 

were stronger as the children grew older. After adjustments for confounding, umbilical cord 

blood mercury was associated with a decrease of 4.2 points in the 36-month PDI score and with 

lower scores on all three components of the WPPSI-R IQ at 48 months, for a loss of 3.8 IQ 

points overall. Beneficial effects of fish nutrients were 8.7 points on the PDI score at 36 months 

and 5.6 points on verbal and full IQ at 48 months.  

 

As in the Boston study, the women in this New York cohort were quite typical of American 

women their age. The population drawn from New York City was ethnically mixed; a large 

Asian subset had relatively higher fish consumption. The mean maternal blood mercury level 

was 2.29 µg/L, and in cord blood it was 5.05 µg/L.  The geometric mean blood mercury level for 

the study population was 0.91 µg/L, compared to 0.92 µg/L for the 1999-2002 NHANES sample. 

In the New York study, 5.66 percent of the women had blood mercury above the US EPA 

Reference Level of 5.8 µg/L; in the NHANES sample, 5.95 percent were above that level. The 

study did not collect data on the frequency, amounts or specific varieties of seafood consumed; 

instead, women were simply asked how many types of seafood they had eaten while pregnant. 

 

Overall, this study reinforces the finding that significant beneficial effects of fish nutrients and 

significant adverse effects of methylmercury (equivalent to a gain or loss of about 4 to 6 IQ 

points) occur in children whose mothers’ exposure during pregnancy was in the upper part of the 

typical range for American women, and around or below the 1999 EPA Reference Level.. 

 

 

5. Study in Krakow, Poland 

 

This study, led by Wieslaw Jedrychowski in the Department of Epidemiology and Preventive 

Medicine at Jagiellonian University in Krakow, with collaboration from the Columbia Center for 
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Children’s Environmental Health, examined potential adverse effects of prenatal methylmercury 

exposure; as explained below, it did not observe any beneficial effects of fish consumption.
41

 

Nevertheless, it is included here because of its concordance with the findings of other studies on 

methylmercury effects at low exposures. 

 

Pregnant women were recruited as part of an ongoing prospective epidemiological study, and . 

233 infants were evaluated for cognitive development at the age of one year, using BSID-II. 

Scores were sorted into “normal” and “delayed” categories of neurocognitive performance, and 

the mercury exposure of children (umbilical cord blood mercury) and mothers (maternal blood 

mercury) in the two groups were compared. Confounding variables were tested for influence 

with multiple regression analysis. Mothers’ fish consumption was determined by food frequency 

questionnaires administered three times during pregnancy; fish intake was classified as smoked, 

fried, roasted or grilled, but not by variety of fish chosen or mercury content, and quantities 

consumed were not recorded. 

  

Key results are shown in Table 2. The infants with delayed neurocognitive performance had 

significantly higher methylmercury exposure (mean maternal blood mercury, 0.75 µg/L; cord 

blood mercury, 1.05 µg/L), compared to infants with normal neurocognitive performance (0.52 

µg/L and 0.85 µg/L, respectively). Differences between the groups were marked on both 

components of the BSID-II; higher-mercury infants scored 16.6 points lower on the PDI, and 10 

points lower on the MDI. 

 

No dietary factors were associated with differences in cognitive development; maternal fish 

consumption as measured in this study did not differ significantly between mothers of normal- 

and delayed-performance infants. Differences in mercury exposure therefore appeared to depend  

on the specific varieties of fish consumed, not on the categories covered by the questionnaire. 

The lack of association of maternal fish intake and cognitive outcomes kept the study from 

examining possible beneficial neurocognitive effects. Such nutrient effects might in theory have 

been present but obscured by effects of methylmercury, but the analyses required to discern that 

were not performed in this case. 

 

The geometric mean maternal blood mercury level in the women in this study was only 0.55 

µg/L, substantially lower than the geometric mean in the Columbia study of New York women. 

The range of blood mercury in these Polish women was 0.10 to 3.40 µg/L, and 90 percent had 

less than 2.0 µg/L, below the typical range for American women. Like several other studies cited 

here, this one suggests that methylmercury may have adverse effects on the developing brain at 

low dose levels, within the range of everyday exposure, with no apparent threshold. 

 

The same research team published a second study
42

  in which they evaluated 374 children of the 

same cohort for cognitive development at ages 24 and 36 months. The effects observed at age 12 
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months were not seen in the two- and three-year-old children. In the second study, mothers’ fish 

consumption was quantified, and was strongly associated with mercury exposure. Fish intake 

during pregnancy of mothers whose children had higher cord-blood mercury (>0.90 µg/L) was 

31 percent higher during the first two trimesters, and 55 percent higher during the third trimester, 

than fish consumption of mothers of lower-mercury babies. While this higher fish intake led to 

higher mercury exposure, it also very likely exposed the higher-mercury babies to larger doses of 

beneficial nutrients, confounding the possible effects of methylmercury. The analysis did control 

for several other confounding factors, but potential confounding by fish intake was not assessed. 

The researchers attributed the lack of an observed adverse effect of methylmercury exposure in 

the children at ages two and three years to the probable influence of other factors in their home 

environments that could also have affected their cognitive development. These other variables 

could not be quantified sufficiently to be adjusted for in the multiple regression analysis.  

 

 

6. Harvard Center for Risk Analysis Study  

 

In contrast to the observational epidemiological studies just described, this analysis of benefits 

and risks of fish consumption and potential public health impacts of changes in fish consumption 

behavior is a modeling exercise done in 2005 by a team at the Harvard Center for Risk Analysis 

(HCRA), led by Joshua Cohen, and funded by the fishing industry.
43

 Although it predates the 

other research described here, and thus did not use data from the recent studies cited above, the 

study is noteworthy for its quantitative comparison of risks and benefits. 

 

The study had two major components. First, expert teams performed meta-analyses to develop 

dose-response relationships for the health effects of interest. In terms of cognitive development, 

meta-analyses were done for beneficial effects of omega-3 fatty acids
44

 and adverse effects of 

methylmercury exposure.
45

 The analysis of nutritional benefits used data from eight clinical trials 

in which maternal diet or infant formula was supplemented with docosahexaenoic acid (DHA); 

the analysis of methylmercury effects combined data from the Faeroes and Seychelles studies 

and one done in New Zealand. Dose-response coefficients from these two meta-analyses were 

expressed as changes in IQ—a positive change per dose of omega-3s, a negative change per dose 

of methylmercury. The study also estimated the impacts of changes in fish consumption on 

beneficial cardiovascular effects, but did not try to model any changes in possible adverse 

cardiovascular effects of methylmercury exposure. Since our concern here is on effects on 

cognitive development, this discussion will focus on those aspects of the HCRA results. 

 

The second component of the study involved constructing hypothetical scenarios by assuming 

changes in American fish-eating behavior, projecting the associated changes in nutrient intake 

and methylmercury exposure across the US population, and applying dose-response coefficients 
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generated in the first phase to estimate potential positive and negative impacts of the dietary 

changes on public health. The study included five scenarios, described briefly as follows: 

 

Scenario 1 assumed that women of childbearing age would follow the 2004 EPA/FDA advisory 

on mercury and fish consumption. That is, women would eat up to 12 ounces of fish per week 

while pregnant but would avoid higher-mercury varieties and choose lower-mercury fish. No 

changes in fish consumption for other populations were assumed in this scenario. 

 

Scenario 2 also focused only on women of childbearing age, but assumed they would be alarmed 

by the EPA/FDA advisory and would reduce their fish consumption by 17 percent to avoid 

mercury. The 17 percent decline was based on a study
46

 showing such a change in 2001, after an 

earlier, less balanced FDA warning about methylmercury was issued. 

 

Scenario 3 assumed that not just women of childbearing age but everyone in the US population 

would be alarmed by mercury advisories and would reduce fish consumption by 17 percent. 

 

Scenario 4 assumed that a campaign to persuade Americans to eat more fish would increase 

everyone’s fish consumption by 50 percent, except for women of childbearing age, who would 

not change their consumption. 

 

Scenario 5 assumed that everyone, including women of childbearing age, would eat 50 percent 

more fish. Scenarios 4 and 5 each assumed increased consumption of fish of all types, without 

discrimination by mercury content.  

 

Our focus here is on the positive effects of omega-3s and the negative effects of methylmercury 

on prenatal cognitive development, as projected in these scenarios. Each of those effects is 

bimodal: I.e., when omega-3 intake increases, IQ increases; when omega-3 intake decreases, IQ 

decreases. Mercury has the opposite effects: When mercury exposure increases, IQ decreases, 

and when the women’s mercury exposure is reduced, their babies’ IQ is increased. 

 

The positive and negative effects on IQ in these scenarios are displayed on the next page and in 

Table 2. Results are expressed as aggregate IQ points for all babies born in the US in a year. 

 

Scenario 1 had by far the best outcome. When women ate up to 12 ounces of fish per week but 

chose low-mercury fish and essentially eliminated their methylmercury exposure, the projected 

impacts included a modest benefit from increased omega-3 consumption, and a huge benefit (i.e., 

elimination of a large adverse effect) from reduced exposure to methylmercury.  

 

Scenarios 2 and 3, those with reduced fish consumption, projected a substantial net benefit to 

aggregate IQ, because the lost benefit associated with lower omega-3 intake was more than 

offset by a much larger benefit from reduced methylmercury exposure. 

 

Scenario 4 involved no change in women’s fish consumption, and therefore no changes in 

effects on IQ in their offspring. 
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Scenario 5 had by far the worst outcome. When Americans simply “ate more fish” without 

discriminating among fish types by methylmercury content, there was a significant benefit from 

increased omega-3 intake, but this was more than offset by a much larger negative impact on IQ 

from increased methylmercury exposure. 

  

 

HCRA results: IQ effects

Scenario

1 2 3 4 5

DHA 39,000 -48,000      -48,000           - 140,000

MeHg      380,000      140,000      140,000           - -410,000

Net 419,000 92,000        92,000           - -270,000

 
 

 

The scenarios are of course hypothetical, and the relative sizes of positive omega-3 effects and 

adverse methylmercury effects projected in these scenarios flow directly from the coefficients for 

each effect developed by the meta-analyses described above. Although any meta-analysis can be 

subject to methodological criticism, these two seem well conceived and soundly executed. They 

included the best evidence on prenatal effects of omega-3s and methylmercury available as of 

late 2004. (Of course, a meta-analysis done today would have available the data from studies 

summarized here and might produce somewhat different results.) The HCRA results indicate that 

the adverse effect of methylmercury exposure on cognitive development is about three times as 

large as the beneficial effect of omega-3s, highlighting the importance of advising women of 

childbearing age to choose low-mercury fish. 

 

The HCRA authors expressed their projected effects as aggregate annual changes in IQ, and 

those aggregate effects were rather small. A change of 410,000 IQ points per year represents 

about 0.1 point per average baby born in the US. However, as noted above, risks and benefits are 

distributed differently in this case, and the average IQ effect is not the proper focus. If as seems 

very likely the IQ points lost because of methylmercury exposure were concentrated among the 

few percent of babies with the highest exposure, the impact on each affected child could well be 

in the range of several IQ points, i.e., far from a negligible impact. In fact, effects of that general 
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magnitude—several IQ points—have been observed in the higher-exposure groups in several of 

the observational epidemiological studies described earlier here. 

 

 

Discussion 

 

Collectively, the studies reviewed here provide substantial new evidence that methylmercury at 

low doses, within the range of typical current exposure among American women of childbearing 

age, has adverse effects on cognitive development. The Boston women studied by Oken et al. 

had a 90
th

 percentile blood mercury level of about 5 µg/L; Lederman et al.’s New York cohort 

had an average blood mercury level of 2.3 µg/L; and the Polish women studied by Jedrychowski 

et al. had an average blood mercury level of just 0.75 µg/L. Collectively, these studies indicate 

no threshold for adverse effects of mercury on the fetal brain within the range of everyday 

exposure associated with ordinary levels of fish consumption. 

 

Most of these studies show that fish consumption during pregnancy also has nutritional benefits 

for cognitive development. The model developed by Cohen et al. for comparing beneficial and 

adverse effects, using meta-analysis to develop dose-response relationships for omega-3 fatty 

acids and methylmercury, suggests that the negative impact of methylmercury is substantially 

larger than the positive impact of omega-3s. Some of the observational evidence reviewed here 

also shows adverse effects of methylmercury greater than beneficial nutrient effects, while some 

evidence shows benefits and harm of about the same magnitude, or larger beneficial effects. This 

variability from study to study at least in part reflects the relatively small sample sizes in most of 

the recent studies. The issue of relative magnitude of benefits and risks to prenatal cognitive 

development requires further clarification by future research. Both additional well-designed and 

ideally larger observational studies and additional meta-analyses would be valuable. 

 

Whatever their relative magnitude, the nutritional benefits and adverse effects associated with 

fish consumption during pregnancy are differently distributed. The benefits appear to occur with 

consumption of most fish, or of particular fish rich in omega-3 fatty acids, while methylmercury 

effects are mostly concentrated among children of the small fraction of women who eat fish 

often and who frequently choose higher-mercury fish. 

 

We believe, based on evidence cited here, that methylmercury exposure in American women of 

childbearing age is a greater public health concern than was recognized even as recently as seven  

years ago when the EPA/FDA Advisory was issued. Based on current evidence, it appears that 

the methylmercury dose associated with typical, relatively low fish intake of average American 

women has discernible adverse effects on the developing brain. No level of exposure to 

methylmercury is unequivocally free of risk. This insight from recent epidemiological evidence 

was not available in 2004 when the Advisory was developed, nor is it reflected in the 2010 

Dietary Guidelines, which seem based largely on that Advisory. 

 

The evidence reviewed here also supports the beneficial effects on the developing brain of fish 

consumption during pregnancy. Numerous clinical trials have associated the beneficial effects 

with omega-3 fatty acids, while other well-designed trials have found no such effect. At the same 

time, many observational studies have linked maternal fish consumption with improved infant 
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and child cognition. Taken as a whole, the evidence clearly suggests that fish consumption in 

pregnancy is beneficial to developing cognitive functions. 

 

These nutritional benefits and the adverse effects of methylmercury can offset each other, such 

that babies born to women who have above-average methylmercury exposure while pregnant 

may lose some or all of the nutritional benefits they would otherwise gain. Quite clearly, women 

should eat fish while pregnant, but it is equally important that they choose from the lowest-

mercury category of fish. Only that two-pronged advisory approach can ensure that children will 

derive the full nutritional benefits from their mothers’ fish consumption, while avoiding the 

damage that methylmercury can impose. 

 

The 2010 Dietary Guidelines do a good job of providing data on the omega-3 fatty acid content 

and the methylmercury content of different fish and shellfish varieties (Appendix 11, page 85.) 

Where the guidelines fall seriously short, however, is in their advice to consumers: They suggest 

that tuna and other varieties with moderately high methylmercury content are acceptable choices 

for expectant mothers, and that eating “a variety” of seafood is all one needs to do to minimize 

methylmercury intake. For a fraction of the population of women of childbearing age, this advice 

permits and even encourages unacceptably high methylmercury intake, by endorsing current 

consumption patterns that place about 5 percent of this population in the range of exposure now 

associated with adverse effects. As a matter of some urgency, the advice needs to be updated to 

be consistent with the best recent evidence, and to provide clearer, more specific guidance 

toward choices of high omega-3, very low-mercury fish.  
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Table 1. Guide to mercury levels in 

different varieties of fish and shellfish 

 LOW-MERCURY FISH AND SHELLFISH 

VERY LOW BELOW AVERAGE 

< 0.043 ppm 0.044-0.086 ppm 

Shrimp Pollock 

Sardines Atlantic Mackerel 

Tilapia Anchovies, Herring & Shad 

Oysters & Mussels Flounder, Sole & Plaice 

Clams Crabs 

Scallops Pike 

Salmon Butterfish 

Crayfish Catfish 

Freshwater Trout Squid 

Ocean Perch & Mullet Atlantic Croaker 

  Whitefish 

 MODERATE-MERCURY FISH AND SHELLFISH 

ABOVE AVERAGE MODERATELY HIGH 

0.087-0.172 ppm 0.173-0.344 ppm 

Pacific Mackerel (Chub) Carp & Buffalofish 

Smelt Halibut 

Atlantic Tilefish Sea Trout 

Cod Sablefish 

Canned Light Tuna Lingcod & Scorpionfish 

Spiny Lobster Sea Bass 

Snapper, Porgy, Sheepshead Pacific Croaker 

Skate American Lobster 

Freshwater Perch Freshwater Bass 

Haddock, Hake, Monkfish Bluefish 

 HIGH-MERCURY FISH 

HIGH VERY HIGH 

0.345-0.688 ppm > 0.688 ppm 

Canned Albacore Tuna King Mackerel 

Spanish Mackerel Swordfish 

Fresh/Frozen Tuna Shark 

Grouper Gulf Tilefish 

Marlin Tuna Sushi/Bluefin Tuna 

Orange Roughy   
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TABLE 2. SUMMARY OF CRITICAL RECENT STUDIES ON COGNITIVE EFFECTS OF FISH CONSUMPTION 

        

     Magnitude of Effects 

  Studied Index of  Nutritional  Mercury  

Authors & Date Where Group Exposure Outcome measures Benefit Adverse Net 

        

Cohen et. al (2005) Hypo- n.a. n.a.     

  Scenario 1 thetical   Aggregate IQ points +39,000 (-380,000) +410,000 

  Scenario 2 (See   for all babies born -48,000 (-140,000) +92,000 

  Scenario 3 paper)   annually in the US -48,000 (-140,000) +92,000 

  Scenario 5     +140,000 -410,000 -270,000 

        

Oken et al. (2005) Boston 135 Maternal  Visual recognition  VRM score VRM score  

  mother- hair Hg; memory & novelty + 4.0 per -7.5 per n.a. 

  infant 1.2 ppm @ preference in infants fish meal 1 ppm Hg  

  pairs 90th percentile at age 6 months    

        

Oken et al. (2008) Boston 341 Maternal  Verbal (PPVT) and  PPVT:  PPVT:   

  mother- hair Hg; visual-motor +2.2 (NS) -4.5 n.a 

  child 1.2 ppm @ (WRAMVA) tests WRAMVA: WRAVMA:  

  pairs 90th percentile at age 3 years +6.4 -4.6 n.a 

        

Lederman et al. New York 329 Mother's blood BSID-II PDI scores PDI: +8.7 PDI: -4.2 n.a. 

  (2008)  mother- & umbilical cord at age 36 months    

  child Hg, means WPPSI-R Full IQ IQ: +5.6 IQ: -3.8 n.a. 

  pairs 2.29 & 5.05 μg/l at age 48 months    

        

Davidson et al.  Seychelles 228 Maternal BSID-II scores n.a. PDI score n.a. 

  (2008)  mother- hair Hg, at age 30 months  -2.7  

  child Mean     

  pairs 5.7 ppm     

        

Strain et al. (2008) Seychelles 228 Omega-3s BSID-II scores PDI score, n.a. n.a. 

  mother- in maternal at ages 9 and  improved   

  child blood 30 months @ 9 mo, not   

  pairs    @ 30 mo   

        

Jedrychowski et al.  Krakow, 233 Maternal blood BSID-II score n.a. PDI score n.a. 

  (2006) Poland mother- Hg, 0.75 μg/l in infants  -16.6  

  infant Cord blood at age 1 year  MDI score  

  pairs Hg, 1.05 μg/l   -10.0  

        

 

 


