
Impacts of Recent Health and Environmental Research 
on Perceptions of Risks from Coal-Fired Power Plants

Fred Lipfert, Independent Consultant, Northport, New York
Terry Sullivan, Brookhaven National Laboratory, Upton, New York

Acknowledgement:We thank several of the 7th ICMGP authors for providing 
manuscripts and John Jansen of the Southern Company for providing some unpublished 
information.  The opinions expressed herein are those of the authors alone and should not 
be attributed to any agency or institution with which we may have been associated.

SUMMARIES
Exposures: Exposures of the U.S. general public, including pregnant females, have 
decreased in recent decades and are not a current concern, even though a small percentage exceeds 
EPA’s public health guideline (1.1 ppm in hair).  There is no evidence that the higher exposures 
known to cause harm are being exceeded, even by the pregnant women in the San Francisco study of 
“high-end” consumers of predatory fish; it is important to distinguish the exposures of the most 
susceptible subpopulations. An alternative approach to risk analysis could involve comparing human 
exposures by proximity to concentrations of coal-fired power plants and other sources of mercury.

Health Effects: The dichotomy between the two major studies of the outcomes of prenatal 
exposures (Seychelles vs. Faroes) are unlikely to be resolved and should be declared a “standoff”.  There are 
important differences in the populations, their diets and exposures to other toxins (PCBs), the measures of 
neurological outcome, and the statistical methods used.  Instead, more attention should be given to studies of 
the U.S. population, and a new large-scale study should be considered. The extant exposure studies suggest 
that it should be possible to compare neurological outcomes in sufficiently large numbers of mothers having 
exposures above and below the present EPA guideline. Such a study should include complete dietary patterns 
and other neurotoxins (PCBs).  The objectives of such a U.S.-based epidemiological study would be to 
develop relationships for use in risk analyses, not necessarily to develop alternative public health guidelines.  

Atmospheric Modeling and Ground Truth: Models must be validated 
to be sufficiently credible to serve as a basis for public health policy. This will require detailed 
consideration of reduction of RGM to Hg0 in plumes from coal-fired power-plants and better data on rates 
of dry deposition. Additional data on ground truth are also needed, especially in the vicinities of power 
plants before and after mercury emission controls are installed. Realistic estimates of the atmospheric 
burdens of Hg from local sources are needed to allow effective control strategies to be devised.

Reviews and Editorial Assessments: The lay literature on 
mercury issues is fraught with misconceptions. There are large differences between 
assessments made by independent scientists and by those having a regulatory agenda.  The 
public interest is not well-served by creating unwarranted fears about the safety of the food 
supply, no matter how worthy the environmental objective might be.
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Recent Publications Find Excess Hg Deposition in 
Urban Areas
While many of the concerns about mercury in the environment focus on remote and relatively 
pristine areas like the Arctic, several relatively recent publications in the atmospheric literature focus 
on urban areas:

• Hg particles washed from rooftops (Chemosphere, Volume 52, pp. 1727-41, 2003).
• Chicago-Gary urban area (Environmental Science and Technology, Volume 36, pp.

4508-17, 2002).
• Connecticut (Chemosphere, Volume 45, pp. 1033-43, 2001). 
• Syracuse, NY  (Neurotoxicology, Volume 17, pp. 279-90, 1996).

Our Comment: Because of the much higher urban population densities, contamination of 
fish taken from urban waters may warrant more attention than local deposition effects around remote 
power plants.

HEALTH EFFECTS

Neurotoxic and Molecular Effects of Methyl 
mercury in Humans
Anna Castoldi, Teresa Coccini, and Luigi Manzo; University of Pavia, Italy.

Reviews on Environmental Health, Volume 18, pp. 19-26 (2003).
“On the basis of epidemiological studies performed in populations having moderate 
chronic methyl mercury exposure, no definite consensus has been reached to date on the 
safety level of maternal exposure during pregnancy.”

Prenatal methyl mercury exposure and 
developmental effects. An evidence-based review.
Anne Spurgeon, University of Birmingham, United Kingdom.

Presented at the 7th International Conference on Mercury As a Global Pollutant, 
Slovenia, July 2004.
“The overall finding of the review therefore is that currently available evidence is unable 
to either support or refute the existence of an association between prenatal exposure to 
MeHg, derived from a maternal fish diet, and adverse developmental effects.”
Developmental neurotoxicity following prenatal exposures to methyl mercury and PCBs 
in humans from epidemiological studies

K Nakai and H Satoh, Tohoku University Graduate School of Medicine, Sendai, 
Japan.

Tohoku Journal of Experimental Medicine, Volume 196, pp. 89-98 (2002).
“Since a considerable number of pollutants, including PCBs and pesticides, are also 
present in fish, … the combined effects of these pollutants should be considered in 
discussing the neurotoxicity of MeHg.”

Environmental factors associated with a spectrum 
of neurodevelopmental deficits
P Mendola, S Selevan, S Gutter, D Rice, U.S. Environmental Protection Agency, 
Research Triangle Park, NC.

Mental Retardation and Developmental Disability Research Review, Volume 8, 
pp. 188-97 (2002).
“Exposure to environmental agents with neurotoxic effects can result in a spectrum of 
adverse outcomes from severe mental retardation and disability to more subtle changes in 
function depending on the timing and dose of the chemical agent.”  (emphasis added).

Evaluation of Uncontrolled Confounding in 
Studies of Environmental Exposures and 
Neurobehavioral Testing in Children
Pamela Mink, Michael Goodman, Leila Barraj, Harriet Imrey, Michael Kelsh, Janice 
Yager

Epidemiology, Volume 15, pp. 385-393 (2004).
“Relatively small differences (0.5 standard deviations) in confounding variables between 
‘exposed’ and ‘unexposed’ groups, if unmeasured and unaccounted for in the analysis, 
could produce spurious differences in cognitive test scores.  The magnitude of this 
difference (3-10 points) has been suggested to have a meaningful impact in populations.”

Contending with contradictory data in a risk 
assessment context:  the case of methyl mercury
Joseph Jacobson, Wayne State University, Detroit, MI.

Neurotoxicology, Volume 22, pp. 667-675 (2001).
“Because prospective epidemiological studies are often hampered by limited control over 
confounding and other factors, including unmeasured between cohort differences in 
genetic vulnerability and nutritional adequacy, inferences about toxicity often depend 
heavily on a qualitative assessment of the weight of evidence from multiple studies.”
Our Comments: All of these reviews support the conclusion that no single study should 
be selected for public health policy and that a new American MeHg epidemiological study 
is needed.

Editorializing

The Mercury Scandal
Paul Krugman, New York Times, p. A-23, April 6, 2004.

“Sulfur dioxide is light, and travels long distances; power plants in the Midwest can 
cause acid rain in Maine.  So a cap on total national emissions makes sense.  Mercury is 
heavy; much of it precipitates to the ground near the source.  As a result, coal-fired power 
plants in states like Pennsylvania and Michigan create “hot spots” – chemical Chernobyls 
– where the risks of mercury poisoning are severe. …  That probably means thousands of 
children will be born with preventable neurological problems.”

Grappling with Mercury
Jeff Johnson, Chemical and Engineering News, pp. 19-20, July 12, 2004.

“EPA estimates that some 630,000 children are borne each year with learning 
deficits caused by mercury exposure.”   “Critics also worry that the (EPA regulatory) 
proposals do not address mercury ‘hot spots’, where high mercury concentrations near 
emission sources have been found.”

Our Comments: These two excerpts from publications of national and even 
international repute are egregious enough to raise questions about the entire print 
journalism industry.  Paul Krugman seems to think that metallic mercury is emitted from 
smokestacks, and both he and Jeff Johnson apparently accept the existence of Hg “hot 
spots” near power plants without demanding proof on the ground. With respect to 
developmental impacts, a crucial qualifier has been ignored; EPA describes the impacts as 
children “at risk”, which means their exposures are within the factor of 10 safety zone.  It 
does not imply that the alleged neurological defects will actually occur.  Further, the types 
of neurological effects observed above the factor of 10 safety zone are in the realm of a 
few (probably less than 1) IQ points, which hardly constitutes a “Chernobyl” situation.

Opinions (Correspondence and Commentary)

Exceeding the Methyl Mercury Reference Dose: 
How Dangerous Is It?
Deborah Schoen, Consultant/Science Writer, Longueuil, Quebec, Canada.
Environmental Health Perspectives, Volume 112, p. A337, 2004 (correspondence).

This letter refers to the research article by Jane Hightower (volume 111, pp. 604-608, 
2003), which described Hg blood levels in a group of general practice patients, some of 
which had complained of various symptoms that might have been ascribed to mercury 
poisoning.  The journal’s cover carried the headline, “High Health Costs of Eating 
Expensive Fish,” thus implying that the paper was about health effects.  In fact, Hightower 
specifically discounted any claims of finding cause-and-effect relationships; the article 
was only about exposures, and made frequent reference to EPA’s guideline for pregnant 
females, even though only about ¼ of the subjects were pregnant. In her letter, Schoen 
stated “Because of this (Seychelles vs. Faroes) uncertainty, the determination of the 
appropriate level for the methyl mercury RfD represents a subjective policy decision, as 
well as a calculation based on scientific data.”  In her response, Hightower listed some 
known health effects of mercury exposure but made no attempt to explain the uncertainty 
factor of 10 or the journal’s mischaracterization of her paper.

Do recent data from the Seychelles Islands alter 
the conclusions of the NRC report on the 
toxicological effects of methyl mercury?
Alan Stern, Joseph Jacobson, Louise Ryan, Thomas Burke (members of the NRC 
Committee)
Environmental Health, Volume 3, p.2, 2004 (commentary).

Stern et al. consider aspects of the Seychelles study and correspondence following a 
recent publication that found no adverse effects and conclude that none of these findings 
persuade them to consider that study in trying to establish a “safe” exposure level for the 
United States.  “In the interest of protecting public health, we believe it is better to err on 
the side of caution in the face of three well-designed studies, two of which are positive 
(Faroes, New Zealand) and one of which is negative (Seychelles).” … “Once reasonable 
evidence of adverse effects has been provided, the issue is not whether methyl mercury 
exposure from fish can pose a risk, but rather the dose (with an appropriate margin of 
safety) that is appropriate to provide prudent protection for the most vulnerable 
individuals in the population.”  What Stern et al. do not consider is the effect of parallel 
exposures to PCBs in the Faroes and the differences in exposure measures and statistical 
methods between the two studies.  Furthermore, by selecting the most sensitive study and 
then imposing a safety factor of 10, they have effectively imposed two layers of caution.

Any Projected Health Benefits from Reduced Power 
Plant Mercury Emissions Are Wholly Based on 
Atmospheric Modeling and Theoretical Rates of 
Methylation and Uptake by Fish
Much of the world will agree that reducing global airborne mercury is a desirable goal.  But “the 
devil is in the details.”  Which sources of Hg are the most important?  How much intercontinental 
transport is there?  What are the spatial and temporal relationships between Hg deposition, fish Hg 
content, and Hg exposures of the most susceptible populations?  Lacking such detaied information, 
assumptions are often the only recourse.  Key atmospheric issues include:
•Accuracy and precision of large-scale atmospheric models.
•Validation of models against empirical data (the “Pennsylvania anomaly”).
•Evidence for reduction of reactive gaseous mercury (RGM) to elemental Hg (Hg0) in power plant 
plumes.
•Relative importance of urban sources.

Global Emissions and Transport: What Is Known 
and Unknown.
Russell Bullock, Jr.  (presented at the USGS/EPA Mercury Roundtable, Sept. 15, 2004).
Reston, VA, Sept. 15 2004. This paper presents some back-of-the-envelope estimates of the fraction 
of Hg deposited in the U.S. that originated elsewhere.  It assumes that most of the imported Hg is 
elemental and that most of the Hg that deposits from any source is RGM, of which the U.S. emits 
about 50 metric tons per year (mt/y).  US Hg emissions are only about 1.5% of the imported mass 
flux across the western boundary, which is why ambient Hg0 is relatively uniform across the U.S. 
(and the globe).   Chemistry (conversion of Hg0 to RGM) and subsequent deposition thus sets the 
relative importance of sources.  With a range of half-lives for Hg0, the fraction of domestic 
deposition varies from 26% to 55%.  However, EPA modeling shows hot-spots as high as ~80% in 
the northeast.

Our Comments: Measured rates of Hg deposition range around 10-20 µg/m2/y, which 
sums to 90-180 mt/y, compared with only 50 mt/y of RGM emitted in the U.S. This also 
corresponds to 28-56% deposition from U.S sources, of which the utility share is even lower, but 
the rate of conversion of Hg0 to  RGM appears to be key.

ATMOSPHERIC MODELING AND 
GROUND TRUTH

Review of Published Ground-Truth Data Shows Weak 
Local and Regional Effects of Mercury Emissions from 
Power Plants 
Fred Lipfert, Terry Sullivan, and Scott Renninger

Anaheim, California, March 29, 2004. Seven experimental studies of local Hg deposition and 
related effects were reviewed and reanalyzed, some dating back to 1973.  Local effects (< 30 km 
downwind) indicated that only about 5-10% of emitted Hg was deposited and retained in soil or 
sediment cores.  About 12% excess wet deposition was seen near one power plant.  Some of the 
inferred deposition patterns suggest peaks close to the source (wet deposition) but also secondary 
peaks downwind (dry deposition?).  However, confounding by varying background levels could not 
be ruled out.  Fish Hg was only weakly associated with estimated local deposition.  At the regional 
scale, measured wet deposition (MDN) data were used to assess power plant impacts in 
Pennsylvania, where measured values are much lower than EPA predictions (the “Pennsylvania 
anomaly”).  A weak relationship was seen with emissions, implying that a 50% cut would reduce 
wet deposition by only about 8%.  At the national scale, state-level data on fish Hg content were 
examined in relation to state-wide average wet deposition.  A weak, non-significant relationship 
was found, such that an 8% drop in wet Hg deposition would lead to a 1.7% decrease in fish Hg 
(see plot below).  Moreover, the Midwestern coal-burning states had among the lowest wet 
deposition rates and fish Hg levels.  One conclusion was that local excess deposition seems to exist 
around power plants, but fish Hg is not always increased, probably because of local differences in 
watersheds and methylation rates.  
Presented at the 227th National Meeting of the American Chemical Society
Our Comment: Given the uncertainties in atmospheric modeling, additional ground-truth data are 
badly needed.

US Study of 212 Preschool Children Finds PCBs More 
Important than Mercury in Terms of Cognitive Development
Paul Stewart, Jacqueline Reihman, Edward Lonky, Thomas Darville, and James Pagano
Oswego, New York, January 2003. The effects of fish contamination were investigated by comparing the test 
performances of 212 children whose mothers ate varying amounts of local fish during pregnancy. Great Lakes 
fish are contaminated with Pb, PCBs, and methyl mercury (MeHg). Thus study compared the development of 
children of 152 women who never ate Great Lakes fish with those of 141 women who had eaten a total of at 
least 40 lbs.
The McCarthy Scales of Children’s Abilities were administered when the children were 38 months old and 
again at 54 months.  The fish contaminants considered included PCBs and lead, as measured in the umbilical 
cord blood, and methyl mercury (MeHg), as measured in the mothers’ hair.  The statistical analysis of the first 
test results showed a significant decrease in test performance with increasing levels of the most highly 
chlorinated PCBs, with or without adjustment for confounders (MeHg); mercury exposure was only weakly 
correlated with PCB exposure.  In regression analyses using MeHg as the independent variable, with the 
cohort stratified by PCB exposure, MeHg was not a significant predictor of test performance for the entire 
group or for those with low PCBs.  However, the interaction between MeHg and PCBs (high exposures of 
both) was significant at 38 months but not at 54 months.  PCBs (alone) were not significant in the later tests, 
suggesting functional  recovery with age.  
No relationships were found between test performance and fish consumption per se (average < 15 meals/yr), 
confirming the absence of MeHg effects and suggesting that other food sources of PCBs may have been 
important.  

Published in Neurotoxicology and Teratology, Volume 25, pp 11-22, 2003.

Our Comments: The average Hg content of the hair of these mothers (0.5 ppm) is similar to the 
mean of a national sample of those eating fish three or more a times per month (see graph).  Thus, this cohort 
study is one of the first that is directly applicable to the United States.  The study shows no adverse effects of 
Hg per se, but finds that there may be an interactive effect when Hg and PCB exposures are combined.  These 
exposures were combined in the Faeroe Islands Study, but Seychelles study was free from PCBs.  The overall 
message is that, not only will reducing Hg emissions in the U.S. have negligible benefits to public health, local 
fresh-water freshwater fish may not be entirely safe to eat until PCBs are eliminated from our diet.  

Infants Whose Mothers Ate More Fish During Pregnancy 
Show Enhanced Development, Mercury Content 
Notwithstanding
Julie Daniels, Mathew Longnecker, Andrew Rowland, and Jean Golding
Bristol, England, March 2004. The cognitive development of 7,421 British children was tested using the 
MacArthur Communicative Development Inventory at age 15 months and the Denver Developmental 
Screening Test at 18 months. According to the questionnaires they returned, 39% of these mothers ate fish 4 or 
more times per week while pregnant; 31%, 1-3 times, and 30% either less than once per week or never. 
Mercury exposure was measured in a subset of 1054 children, in terms of the content of umbilical cord tissue. 
The statistical analysis adjusted for sex, birth order, maternal age and education, breastfeeding status, dental 
treatment, smoking and alcohol use during pregnancy, fish intake at other times, the child's age at testing, and 
the home environment. Higher fish consumption was associated with higher mercury exposure levels but with 
higher development test scores; the differences were small but statistically significant. There was no statistical 
relationship between mercury exposure and child development, but Hg exposures were much lower than in the 
Faeroe Islands, where adverse effects have been found.
Published in Epidemiology, Volume 15, pp. 394-402, July 2004

Our Comments: Although the mercury exposures in this cohort are only about 13% of those in the 
Faroes, from which data were derived for the EPA reference dose, they are nevertheless about three times the 
U.S. national average for women of childbearing age. American women eat much less fish than the members 
of this cohort, which is line with the difference in mercury exposures. By implication, the U.S. population is 
not being exposed to harmful levels of mercury.
Fish is a good brain food after all!

American Academy of Pediatrics Assesses Effects of 
Environmental Chemicals on the Developing Embryo, Infant, 
Child, and Adolescent
The Pediatric Perspective: Robert Brent, Suzanne Tanski, and Michael Weitzman
Wilmington, Delaware, October 2003. Because the embryo and the child are growing, adverse effects may 
occur at lower exposures to some chemicals, drugs, and physical agents.  However, children and adolescents 
have better recuperative capacities than adults for many toxic agents.  Discussions of the toxicity of 
environmental agents tend to provoke controversy.  Segments of the scientific and lay communities tend to 
believe that environmental agents are major hazards, while others believe that these risks have been grossly 
exaggerated.  Some scientists suggest that the permissible exposures for children should be cut by a factor of 
10 to allow for uncertainties, but there is little scientific evidence to support this contention.  Only the facts, 
impeccable science, and more research will put environmental effects on children into proper perspective.  
Single studies do not refute or demonstrate causality.  
Mercury Exposure and Child Development:  Philip Davidson, Gary Myers, and Bernard Weiss 
Rochester, New York, October 2003. The Seychelles and Faeroe Island studies of child development and 
mercury exposure came to different conclusions:  no adverse effects in the Seychelles, and adverse 
associations with various developmental measures in the Faeroes. Both studies have been judged 
methodologically sound and scientifically valid.  There are other differences between the cohorts, chiefly the 
exposure to PCBs in the Faeroes from eating whale.  The Faeroes investigators reported that mercury 
neurotoxicity might be exacerbated by PCBs, but they continue to believe that direct adverse effects of Hg are 
present.  EPA used these data to develop their “reference dose” for mercury exposure.  Part of the result has 
been fear of eating fish, by some consumers.
Published in a Special Issue of Pediatrics, Volume 113, April 2004, Part 2.  240 pp.

Health Was Not a Major Focus of the 7th International 
Conference on Mercury as a Global Pollutant (ICMGP)
Llubljana, Slovenia, June 27-July 2, 2004. The program for the seventh in this series of international 
conferences comprises 630 papers and posters, of which only four were concerned with the epidemiology of 
consuming fish contaminated with methyl mercury.  There were a few papers on fish-related exposure and on 
toxicology and the effects of dental amalgams, but the bulk of the conference was concerned with emissions, 
analytical methods, ecosystem effects, and atmospheric processes.  The information below is based largely on 
conference abstracts, together with related prior publications.

The Seychelles Child Development Study
Recent analyses of prenatal MeHg exposure.
Conrad Shamlaye, Gary Myers, Philip Davidson, Christopher Cox, Li-Shan Huang, Thomas Clarkson  
Rochester, New York, June 2004. The Seychelles children have been evaluated six times, through 11 years of 
age, and no consistent patterns of adverse associations have been found using a linear dose-response function. 
However, nonlinear models suggest subtle developmental changes at high exposures (hair Hg > 10 ppm).   
Previous analyses at 66 months of age produced conflicting non-linear results.
Analyses of postnatal MeHg exposure.
Gary Myers, Sally Thurston, Conrad Shamlaye, Philip Davidson, Christopher Cox, Thomas Clarkson  
Rochester, New York, June 2004. Convenience samples of the children’s hair have been obtained at several 
intervals and analyzed for postnatal MeHg exposure.  Evidence from animal studies suggests there may be 
latent effects from postnatal exposure.  Based on hair Hg and testing at 66 months, there was a decline in test 
performance for children’s hair Hg levels above 10 ppm, which is well above levels experienced in the U.S.

Our Comments: The median hair mercury content of the Seychelles mothers was 6.9 ppm and 
they ate ocean fish 12 times per week, on average.  These exposures are about 30 times the U.S. average, 
which would appear to yield an adequate factor of safety for the U.S. population.

Children’s Health and the Environment in the Faroes
Underestimation of human methyl mercury toxicity due to exposure
misclassification.
Esben Budtz-Jorgensen and Philippe Grandjean
Copenhagen, Denmark, June 2004. Three different exposure measures (umbilical cord blood Hg, maternal 
hair Hg, frequency of eating whale) were compared using structural equations and factor analysis.  All three 
measures were transformed to logarithms, because of the skewed distribution of cord blood Hg (covering a 
factor of ~300).  The lack of agreement among these measures is interpreted as evidence of exposure error, 
ranging from 56-60% (2 standard deviations) for cord blood, 104-110% for hair, and even more for 
consumption of whale.  These uncertainties are much larger than those indicated by laboratory error and 
indicate that the true dose-response functions (based on logarithms) may be even steeper than previously 
reported. 
The brainstem as a target of developmental methyl mercury toxicity.
Philippe Grandjean, Katsuyuki Murata, Esben Budtz-Jorgensen, and Pal Weihe
Copenhagen, Denmark, June 2004. Experimental studies suggest that the brainstem (the part of the brain 
connecting to the spinal cord) may be a sensitive target for MeHg. Brainstem auditory evoked potentials 
(BAEPs) were determined by presenting click signals to the right ear, masking the other ear with white noise, 
and measuring electrical response signals with brain electrodes. Heart-rate variability was also measured and 
was correlated with BAEPs. The results suggest a neurotoxic mechanism involved in cardiovascular 
abnormalities and increased mortality related to dietary MeHg exposure. 

Our Comments: Exposure misclassification or measurement error has other statistical 
ramifications.  For example, when a regression slope is biased low, the x-axis intercept is shifted to the left, 
thus obscuring any thresholds that might be present.  When two competing risk factors, such as MeHg and 
PCBs, have different degrees of measurement error, the one with the least error tends to prevail.  So far, PCB 
exposure errors have not been specifically addressed, but only 3 PCB congeners were considered and only for 
about half of the children.

BAEPs are subclinical indications of response and their significance to childhood development is unclear.  
Only 1 of the 20 determinations based on children’s hair Hg was significant, thus casting doubt on the claim of 
irreversible effects.   The responses to maternal hair suggested an increase above 10 ppm.  

EXPOSURE
National Survey of Mercury Exposures Finds Low Values 
for U.S. Women of Childbearing Age, Based on Hg 
Content of Hair
Margaret McDowell, Charles Dillon, John Osterloh, Michael Bolger, Edo Pelizzari, Reshan  
Fernando, Ruben de Oca, Susan Schober, Thomas Sinks, Robert Jones, Kathryn Mahaffey

Hyattsville, MD, May 2004. Hair samples obtained from 1726 women aged 16-49 and 838 children 
aged 1-5 show mercury concentrations well below those at which adverse effects have actually been 
observed (see graph below).  The median levels in children and women were 0.12 and 0.20 ppm, 
respectively.  This is consistent with the low rates of fish consumption that were reported; 39% of the 
women reported eating no fish during the past 30 days, 34% reported eating 1 or 2 fish meals, and only 
27% reported eating 3 or more fish meals during that period.  By extrapolation, the 99th percentile of all 
females would have a hair Hg content of about 5 ppm, and the 99th percentile of the fraction of all 
females who eat fish 3 or more times per month would have about 8 ppm.  The 99th percentile of those 
who eat no fish would be about 1.3 ppm.  The hair Hg values for women are well correlated with the 
corresponding concentrations in blood; the log-log correlation is 0.79 and the hair/blood slope is 234.  
Using these values, the maximum hair concentration in this sample would be about 9 ppm.
Published in Environmental Health Perspectives, Volume 112, pp. 1165-1171, 2004.

Our Comments: Median hair Hg levels in women of childbearing age have declined by 
50% since 1981.  However, the distribution has broadened; based on 2820 observations, the maximum 
level in 1981 was 6.9 ppm, and the apparent effect of seafood consumption has increased slightly.  The 
interpretation of acceptable levels of MeHg exposure levels depends on the definition of “safe.”  EPA 
set their reference exposure level at 1.1 ppm, by imposing a factor of 10 “safety factor” on the derived 
benchmark value of 11 ppm.  The Food and Drug Administration uses an advisory level of about 4.5 
ppm, and other authors have set 3.5 ppm (shown on the graph) as the “onset of adverse effects.”  It is 
important to note the difference between a limit that has been set to ensure public health (like the speed 
limits posted for highway curves) and the levels at which even very subtle adverse effects have been 
observed.  Note that the Clean Air Act was never intended to provide absolute protection to the entire 
population; if EPA’s approach to mercury regulation were to be applied to all air pollutants, no area of 
the country could be in compliance.   

Survey of American Diets Shows that Tuna is 
Common, but Fish that are High-Mercury Are Rare

National Center for Health Statistics, Centers for Disease Control
Hyattsville, MD.  A 1999-2000 survey of about 10,000 subjects provided data on the rates at 

which various types of fish and shellfish are consumed, based on personal recall of the past 30 days.  
The table below gives the percentage of respondents reporting consumption of selected species and 
the median and maximum numbers of meals in 30 days.  The maximum usually refers to a single 
respondent, or about the 99.99th percentile of the entire sample. 

Species            % of sample    median  max meals/month      Species % of sample  median  max
all shellfish 39.7 pollock 1.8 1        12
all fish 60.5 haddock 1.8 1          8
tuna 28.3 1.5 50 bass 1.2 1          7
breaded products 13.5 1 28 swordfish 0.9 1          4
salmon 9.9 1 44 mackerel 0.6 1          8 
catfish 8.8 1 15 porgy 0.4 1        10
cod 4.4 1 30 sea bass 0.5 1          7
flatfish 3.8 1 20  walleye 0.4 1          8
sardines 2.4 1 20 shark 0.3 0.5       6
perch 2.3 1 30  pike 0.1 1          8
trout 1.9 1 8 other fish     10.0 1        30
unknown fish          4.5 1 90

Can Nutrition Affect Methyl mercury Toxicity?
Most of the epidemiology studies on methyl mercury exposure from eating fish neglect any effects 
from the subjects’ overall diets.  Although it was noted that the Iraqi population that ate seed grain 
that had been treated with mercury fungicide in 1971-2 was facing famine, the overall nutritional 
situations of the various populations under study have not been considered in detail.  However, 
common sense shows that in any given situation, the only way to be highly exposed in the long term 
is to eat fish more often, since the Hg content of the fish involved will tend to average out.  In the 
New Zealand study, those most highly exposed were said to be eating take-out fish-and-chips five 
nights a week; one must thus wonder which important dietary nutrients might have been missing 
from their diets.  The questions of direct and indirect effects of diet and nutrition have now been 
raised in several papers.

Can Nutrition Affect Chemical Toxicity?
Arthur Furst  (International Journal of Toxicology, Volume 21, pp. 419-424 (2002)).
San Francisco, CA, June 2002. This essay considers three examples.  Selenium is shown to inhibit 
methyl mercury toxicity, especially with regard to aquatic processes.  Oxidative stress is suspected 
as promoting some cancers, atherosclerosis, and the adverse effects of aging.  Dietary anti-oxidants, 
such as fruits and vegetables, may thus be protective.  Vitamin C can inhibit the conversion of 
nitrites in preserved meats to nitrosamines.  However, there are large gaps about these processes in 
the existing knowledge base.

The Influence of Nutrition on Methyl mercury 
Intoxication
Laurie Chapman and Ling Chan (Environmental Health Perspectives Supplements, Volume 108, pp. 
29-56 (2000))
McGill University, Quebec, Canada. This review comprises 321 references and discusses effects on 
pharmacokinetics, toxicity, and mechanisms.  It concludes that a wide variety of foods and nutrients 
alter MeHg metabolism, but that the mechanisms of such interactions remain speculative.  It seems 
clear that dietary factors need to be better addressed in future epidemiology and clinical studies.

Nutritional Factors May Modify the Toxic Action of 
Methyl Mercury in Fish-Eating Populations.
Thomas Clarkson and James Strain (Journal of Nutrition, Volume 133, pp. 1539S-1545S (2003)).
Berkeley, CA, June 2002.  At an international conference on “Trace Elements in Man and 
Animals”, the toxic properties of MeHg were reviewed and the potential role of micronutrients in 
fish was discussed.  It was hypothesized that they might explain the lack of adverse (and often 
beneficial) effects of fish in the Seychelles. The compounds of interest include long-chain 
polyunsaturated fatty acids, iron, and chorine, which may protect against neurotoxicity.

Eating tropical fruit reduces mercury exposure from fish 
consumption in the Brazilian Amazon.
Carlos Passos, Donna Mergler, Elizete Gaspar, Silmara Morais, Marc Lucotte, Fabrice Larribe, 
Robert Davidson, Sylvia de Grosbois.  (Environmental Research, Volume 93, pp. 123-130 (2003); 
Volume 96, pp. 102-105 (2004)).  
Montreal, Canada, January 2003.  A small group of female villagers (n=26) were studied for one
year, including daily food diaries and monthly hair samples for Hg analysis.  The results showed an 
inverse relationship between beef meals and hair Hg (the effect of substitution for fish) and an 
inverse relationship between hair Hg and meals including fruit (which was uncorrelated with fish 
meals).  A stratified regression analysis showed that the effect of eating fish on hair Hg was about 5 
times stronger in subjects who ate less fruit.

Our Comments: These papers consider three different aspects of the nutritional
question:  (1) direct interaction with the mechanisms of MeHg toxicity, (2) other effects of nutrients 
in fish, (3) interactions with MeHg exposure, perhaps with respect to absorption and excretion.  
Together with the effects of other toxins in fish, such as PCBs or Pb, the overarching message is that 
we should not expect to find agreement among disparate cohort studies conducted in very different 
parts of the world. The stark contrast between the Faroes and Seychelles studies may be the best 
evidence of this precept. This reinforces the need for an American epidemiological study. 

Data downloaded from www.cdc.gov/nchs/about/major//nhanes/frequency/drxtot.htm, Sept. 27, 2004 

Our Comments: These survey data show that tuna accounts for about half of all fish 
meals and probably more than half of the dietary intake of Hg.  For most fish species, about 2 meals 
were eaten per month, on average (2.5 for tuna and “other”).  Predatory and fresh-water fish are only 
minor contributors to the U.S. diet.  It is perhaps apocryphal that the one respondent who reported 
eating fish at every meal didn’t know what kind it was! Inspection for Hg during tuna canning and 
dur ing preparat ion o f breaded products  cou ld great ly reduce exposures  to  Hg. Downwind Mercury Measurements Show Reductions of 

Reactive Gaseous Mercury (RGM) to Elemental Hg 
(Hg0) in Coal-Fired Power-Plant Plumes
Eric Edgerton, Ben Hartsell, and John Jansen

Llubljana, Slovenia, July 2, 2004. SO2 was used as a tracer in experimental studies of mercury 
chemistry and dilution in several southeastern coal-fired power-plant plumes.  Emissions of SO2, 
RGM, and Hg0 were used to predict the values that would be expected to be seen in downwind 
ground-level measurements.  These experiments were made in the absence of precipitation, and 
conservation of emitted mass suggests accurate measurements.  These data show an average RGM 
loss of about 70% with a similar gain in Hg0, over several years of observations. 
Presented at the 7th International Conference on Mercury as a Global Pollutant

Our Comment: Unpublished atmospheric modeling results (shown below) indicate that a 
2/3 reduction of RGM removes most of the “Pennsylvania anomaly”, providing additional ground-
truth validation  Thus, changes to the atmospheric chemistry modules used in national and global 
modeling programs appear to be in order.

Impact of Reduction of 67% Hg(II)  to Hg(0)  in Total Hg Deposition

Source:  “Modeling the Impact of Mercury Speciation in Power Plant Plumes 
on Hg Deposition over the Eastern United States, K. Vijayaraghavan, C. 
Seigneur, K. Lohman, P. Karamchandani, L. Levin, J. Jansen.  Unpublished 
report from Atmospheric and Environmental Research, Inc., September, 2004.
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Wet deposition versus Hg Concentration in 
Large Mouth Bass 
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