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Mercury

Mercury is a metal that is liquid at room temperature. There are three major forms of mercury:
1) organic mercury; 2) non-elemental forms of inorganic mercury; and 3) elemental mercury.
Organic mercury, predominantly in the form of methylmercury, is found primarily in fish. Non-
elemental forms of inorganic mercury are found primarily in batteries, some disinfectants, and
some health products and creams. Lastly, elemental mercury is found in thermometers,
fluorescent bulbs, dental amalgam fillings, switches in certain automobiles (used for
convenience lighting in hoods and trunks, mostly in vehicles manufactured prior to 2003), and
other sources.'?

Mercury is released from its natural form in the earth’s crust as a result of both human
activities and natural processes. Coal-burning power plants are the largest source of mercury
emissions in the United States.3 Other sources of mercury emissions include the combustion of
waste and industrial processes that use mercury.>* When released into the atmosphere, either
from human activities or from non-human sources, such as volcanoes, mercury can travel long
distances on global air currents and can be deposited on land and water far from its original
source.*> In addition to these mercury emissions, there is concern that an increase in ice melts
caused by a warming climate may release some past mercury emissions that have been trapped
in polar ice.® Moreover, mercury deposited on the surface in the Arctic vaporizes each spring
when the sunlight returns, causing increased concentrations in the atmosphere.”®

Human exposure to elemental and inorganic mercury can occur at work, from accidental
mercury releases, through the use of products containing mercury, through ritual and folk
medicine uses of mercury, as well as dental restorations with mercury-silver amalgams.*°10
Sources of childhood exposure to elemental and inorganic mercury in the home include the
tracking of mercury into the home from the workplace by parents, mercury-containing devices
in the home, and very rarely from intentionally heating mercury in the home for the purpose of
extracting gold.*! In schools, the most common sources of exposure are elemental and
inorganic mercury stored in science laboratories, and mercury from broken instruments such as
thermometers; less common sources are certain mercury-containing gymnasium floors
manufactured between 1960 and 1980 found in some schools.'*2 The adverse health effects of
elemental and inorganic mercury exposure in childhood have not been extensively studied.
However, inhaling high concentrations of elemental mercury vapor can lead to lung problems,
neurobehavioral effects, mood changes, and tremors.® Although elemental mercury vapor
emissions from dental amalgams are a major source of mercury exposure in the U.S. general
population, two prospective clinical trials in children have found no evidence of adverse effects
on 1Q, memory, attention, or other neurological functions.'31°

Thimerosal is an organic mercury-containing preservative that is used in some vaccines to
prevent contamination and growth of harmful bacteria in vaccine vials. The presence of
thimerosal in many vaccines administered to infants led to concerns about possible effects on
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children’s neurological development, including a hypothesis that mercury in vaccines could be
a contributing factor to the incidence of autism. The Institute of Medicine has rejected the
hypothesis of a causal relationship between thimerosal-containing vaccines and autism.!® In
addition, two recent studies have concluded that prenatal and infant exposure to thimerosal-
containing vaccines is not related to increased risk of autism.’*8 Since 2001, thimerosal has
not been used in routinely administered childhood vaccines, with the exception of some
influenza vaccines.?

Methylmercury is another form of organic mercury, which may form when mercury is
deposited into water systems such as oceans, rivers, lakes, and wetlands; the mercury is
converted by bacteria and other microorganisms into methylmercury. Methylmercury then
bioaccumulates up the aquatic food web; fish that live long and feed on other fish (i.e.,
predatory fish) can accumulate high levels of methylmercury. The concentration of
methylmercury in the larger fish at the top of the food chain can reach levels a million times
higher than in the water.?? Consuming fish is the main way that people are exposed to
methylmercury. This includes fish commercially distributed in stores and restaurants as well as
those that people catch for consumption by their families and communities. Each person’s
exposure depends on the amount of methylmercury in the fish that they eat and how often
they eat fish. These exposure levels are of particular importance for women of child-bearing
age because of the potential for prenatal exposure: methylmercury easily crosses the placenta
and blood-brain barrier.'®> As such, the prenatal period is considered the most sensitive period
of exposure.t®

EPA has determined that methylmercury is known to have neurotoxic and developmental
effects in humans.* This determination was based on effects in people prenatally exposed to
extremely high levels of methylmercury during accidental mercury poisoning events in Japan
and Iraq. Severe adverse health effects observed in the prenatally exposed population included
cerebral palsy, intellectual disability (mental retardation), deafness, and blindness.'>?122

Prospective cohort studies have been conducted in island populations where frequent fish
consumption leads to methylmercury exposure in pregnant women at levels much lower than
in the poisoning incidents but much greater than those typically observed in the United States.
These studies are designed to investigate possible associations of prenatal methylmercury
exposure with more subtle adverse neurodevelopmental effects than those observed in the
poisoning incidents. However, the expected beneficial impacts of prenatal fish consumption on
neurodevelopment can make it more difficult to detect such outcomes. Prenatal exposure to
mercury in these studies is represented by measurement of total mercury in blood or hair
samples obtained from a woman during pregnancy or at delivery. Results from such studies in
New Zealand and the Faroe Islands'>?3-28 suggested that increased prenatal mercury exposure
due to maternal fish consumption was associated with decrements in attention, language,
memory, motor speed, and visual-spatial function (like drawing) during childhood. These
associations were not seen in initial results reported from a study in the Seychelles Islands.?®
Further analyses of the Seychelles study population did find associations between prenatal
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mercury exposure and some neurodevelopmental deficits, after researchers had accounted for
the developmental benefits of fish consumption.30-32

More recent studies have been conducted in Massachusetts and New York City, with maternal
blood mercury levels within the range of typical levels in the U.S. general population.?33> In
Massachusetts, total mercury in blood samples collected during the second trimester of
pregnancy was associated with reduced cognitive development in testing conducted at age 3
years, after adjusting for the positive effects of fish/seafood consumption during pregnancy.3*
In the New York study, total cord blood mercury was associated with decreased IQ scores in
testing conducted at age 4 years, after adjusting for the positive effects of fish/seafood
consumption during pregnancy.3?

Findings of neurodevelopmental effects from early childhood methylmercury exposure are
more limited than for prenatal exposure, with several studies reporting mixed findings.2>:36-3°
Animal and epidemiological studies suggest that early life exposure to methylmercury
(including prenatal exposures) may also affect cardiovascular,%4! immune,'>%%43 and
reproductive health.

Although ingestion of methylmercury in fish may be harmful, other compounds naturally
present in many fish (such as high quality protein and other essential nutrients) are beneficial.
In particular, fish are an excellent source of omega-3 fatty acids, which are nutrients that
contribute to the healthy development of infants and children.** Pregnant women are advised
to seek dietary sources of these fatty acids, including many species of fish. However, the levels
of both methylmercury and omega-3 fatty acids can vary considerably by fish species. Thus, the
type of fish, as well as portion sizes and frequency of consumption, are all important
considerations for health benefits of fish and the extent of methylmercury exposure.

For these reasons, EPA and the U.S. Food and Drug Administration (FDA) issued a fish
consumption advisory in 2004 that advises young children and pregnant females to consume up
to 12 ounces a week of lower-mercury fish and shellfish, such as shrimp, canned light tuna,
salmon, pollock, and catfish, but to avoid any consumption of high-mercury-containing fish, such
as shark, swordfish, tile fish, or king mackerel.*> EPA and FDA are currently working to update the
fish consumption advisory to incorporate the most current science regarding the health benefits
of fish consumption and the risks from methylmercury in fish. In 2011, the Departments of
Agriculture and Health and Human Services jointly released the 2010 Dietary Guidelines for
Americans, which recommended that pregnant or breastfeeding women should consume 8-12
ounces of seafood per week, but avoid consumption of the same high-mercury-containing fish
identified in the EPA-FDA advisory.*® In addition, many state health departments provide advice
regarding healthy sources of fish that are lower in mercury. Web links to state advice regarding
fish consumption can be found at http://www.epa.gov/waterscience/fish/states.htm (for an
example, see Washington state’s “Eat Fish, Choose Wisely” available at
http://www.doh.wa.gov/ehp/oehas/fish/fishchart.htm). State advisories may address both store-
bought fish and fish caught by individuals in local lakes, rivers, and coastal waters.
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Because methylmercury exposure in pregnant women is a concern for children health, studies
have measured the level of mercury in women’s bodies. Mercury can be measured in blood and
is often called “blood mercury.” In most cases, total blood mercury is reported, and the
measurements do not distinguish methylmercury in blood from the other forms of mercury. In
the United States, and in populations where most mercury exposure comes from fish
consumption, the majority of total blood mercury is from methylmercury. Among women 16 to
49 years of age in the United States, levels of mercury in blood tend to be highest for Native
American, Pacific Islander, Asian American, and multi-racial women.*”*° A survey of adults in
New York City found that blood mercury levels were three times higher than the national levels.
Asian Americans in this study had higher blood mercury levels than other race/ethnicity
groups.”® Among women ages 16 to 49 years in the United States, blood mercury levels are
higher for those who eat fish more often or in higher quantities.>>*’ Asian American
populations have been identified as high consumers of seafood compared with White non-
Hispanics or Black non-Hispanics.>®

For women of all races, blood mercury levels tend to be higher in those women with higher
family incomes.*®°952 Fish consumption rates are highest among women with relatively high
family incomes, and this higher rate of fish consumption leads to increased blood mercury
levels.*®>2 Concentrations of total mercury in blood among women also seem to vary with
geographic region, and potentially by coastal region. Based on data from 1999-2004, blood
mercury levels for women ages 16 to 49 years were higher in the Northeastern region of the
United States compared with other regions.*® Estimated mercury intake from fish consumption
also follows this observed pattern. Women living in coastal regions had blood mercury levels
higher than those living in noncoastal regions, and among coastal populations, the highest
blood mercury levels were reported for the Atlantic and Pacific coastal regions, followed by the
Gulf Coast and Great Lakes regions, respectively. Furthermore, subsistence populations
(individuals who sustain a portion of their diets by catching and eating fish from local waters),
or those who consume fish as a large portion of their diet because of taste preference or in the
pursuit of health benefits, may have elevated blood mercury levels, depending on the source
and species of fish.*

The indicator that follows uses the best nationally representative data currently available on
blood mercury levels over time for women of child-bearing age. Indicator B3 presents median
and 95 percentile blood mercury levels for women ages 16 to 49 years. This indicator has
been revised since the publication of America’s Children and the Environment, Third Edition
(January 2013) to add new NHANES blood mercury data for 2011-2012 and 2013-2014.
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Indicator B3: Mercury in women ages 16 to 49 years: Median and 95th percentile
concentrations in blood, 1999-20142

About the Indicator: Indicator B3 presents concentrations of mercury in blood of U.S. women ages
16 to 49 years. The data are from a national survey that collects blood specimens from a
representative sample of the population every two years, and then measures the concentration of
mercury in the blood. The indicator presents concentrations of mercury in blood over time. The focus
on women of child-bearing age is based on concern for potential adverse effects in children born to
women who have been exposed to mercury.

NHANES

The National Health and Nutrition Examination Survey (NHANES) provides nationally
representative biomonitoring data for mercury. NHANES is designed to assess the health and
nutritional status of the civilian noninstitutionalized U.S. population and is conducted by the
National Center for Health Statistics, part of the Centers for Disease Control and Prevention
(CDC). Interviews and physical examinations are conducted with approximately 10,000 people
in each two-year survey cycle. CDC’s National Center for Environmental Health measures
concentrations of environmental chemicals in blood and urine samples collected from NHANES
participants. Summaries of the measured values for more than 200 chemicals are provided in
the Fourth National Report on Human Exposure to Environmental Chemicals.>3

Mercury

Indicator B3 presents levels of mercury in blood of women of child-bearing age. Organic,
inorganic, and total mercury can be measured in blood.' The concentration of total mercury in
blood is a marker of exposure to methylmercury in populations where fish consumption is the
predominant source of mercury exposure. Previous analysis shows that, in general,
methylmercury accounts for a large percentage of total mercury in blood among women of
child-bearing age in the United States.*” Total blood mercury is generally representative of
methylmercury exposures in the past few months.>*>> All values are reported as micrograms of
mercury per liter of blood (pg/L).

Concentrations of total blood mercury have been measured in all NHANES participants ages 1
to 5 years and all female participants ages 16 to 49 years beginning with the 1999-2000 survey
cycle. Starting with the 2003—2004 survey cycle, NHANES measured blood mercury in all
participants ages 1 year and older.>® Separate measurements of inorganic blood mercury have
been reported starting with the 2003—2004 NHANES survey cycle.

"NHANES also measures mercury levels in participant’s urine samples, which is considered a more robust
determinant of body burden of mercury from long-term exposure, particularly for inorganic mercury.
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For 20136-20142, NHANES collected mercury biomonitoring data for /5265,215 individuals
ages 1 year and older, including ;557897 women ages 16 to 49 years. Mercury was detected in
9380% of all individuals sampled. The frequency of mercury detection was 9582% in women
ages 16 to 49 years." The median blood mercury level among all NHANES participants in 20131~
20142 was 0.6 pg/L and the 95 percentile was 4.4 pg/L.

Birth Rate Adjustment

Indicator B3 uses measurements of mercury in blood of women ages 16 to 49 years to
represent the distribution of mercury exposures to women who are pregnant or may become
pregnant. However, blood mercury levels increase with age,*® and women of different ages
have a different likelihood of giving birth. For example, in 2003—-2004, women aged 27 years
had a 12% annual probability of giving birth, and women aged 37 years had a 4% annual
probability of giving birth.>” A birth rate-adjusted distribution of women’s mercury levels is used
in calculating this indicator, meaning that the data are weighted using the age-specific
probability of a woman giving birth.>®

Data Presented in the Indicators

Indicator B3 presents median and 95™ percentile concentrations of mercury in blood over time
for women ages 16 to 49 years, using NHANES data from 1999-20142.

Additional information showing how median and 95 percentile blood mercury levels vary by
race/ethnicity and family income for women ages 16 to 49 years is presented in supplemental
data tables for these indicators. Data tables also display the median and 95 percentile blood
mercury levels for children ages 1 to 5 years over time and the median and 95 percentile
blood mercury levels for children ages 1 to 17 years for -20142.

Please see the Introduction to the Biomonitoring section for an explanation of the terms
“median” and “95% percentile,” a description of the race/ethnicity and income groups used in
the ACE3 biomonitoring indicators, and information on the statistical significance testing
applied to these indicators.

i The percentage for women ages 16 to 49 years is calculated with the birth rate adjustment described below.

i Following publication of America’s Children and the Environment, Third Edition in January 2013, the National
Center for Health Statistics and EPA worked together to evaluate methods for birth rate adjustment. The
evaluation is presented in Parker, J., A. Branum, D. Axelrad, and J. Cohen. 2013. Adjusting Sample Weights in the
National Health and Nutrition Examination Survey for Women of Childbearing Age. Vital Health Statistics 2(157).
http://www.cdc.gov/nchs/products/series/series02.htm.
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Indicator B3
Mercury in women ages 16 to 49 years: Median and 95th percentile

concentrations in blood, 1999-2014
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Data: Centers for Disease Control and Prevention, National Center for Health Statistics
and National Center for Environmental Health, National Health and Nutrition Examination Survey

Note: To reflect exposures to women who are pregnant or may become pregnant, the estimates
are adjusted for the probability (by age and race/ethnicity) that a woman gives birth.
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Data characterization

- Data for this indicator are obtained from an ongoing continuous survey conducted by the National Center
for Health Statistics.

- Survey data are representative of the U.S. civilian noninstitutionalized population.
- Mercury is measured in blood samples obtained from individual survey participants.

= The median concentration of total mercury in the blood of women ages 16 to 49 years has
_shewn—nttle—ehaqge-bet—weendecreased from 0.9 pg/L in 1999-2000 and 2011-2012;ar¢
was to 0.6 pg/Lin 20113-20124.
o The decrease in the median concentration of total mercury in the blood from
1999-2000 to 2013—-2014 was statistically significant.
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Among women in the 95™ percentile of exposure, the concentration of total mercury in

blood decreased from 7.4 pg/L in 1999-2000 to 3.7 pg/L in 2001-2002. From 2001-2002 to

20131-20142, the 95 percentile of total blood mercury remained between 3.7 and 4.5

ue/L.

= The decrease in the 95 percentile levels of blood mercury between 1999-2000 and
2001-2002 was statistically significant. From 2001-2002 to 20134-20142 there was no
statistically significant change.

In 1999-2000, the 95 percentile total mercury level was 8 times the median level. For the

remaining years, the 95 percentile total mercury levels were about 5 or 6 times the

median levels.

For the years 201109-20124, women of “All Other Races/Ethnicities” had median blood

mercury levels of 0.94-1 pg/L, compared with median mercury levels for the remaining

race/ethnicity groups of 0.56 pg/L for White non-Hispanic and Mexican-American women

and 0.68 pg/L for Black non-Hispanic. (See Table B3a.)

differentdifferences between White non-Hispanic and Mexican-American women were
not statistically significant. The differences between other pairs of race/ethnicity groups
were statistically significant after accounting for differences by income level and age.
Among women in the 95™ percentile of exposure, differences in total mercury in blood
were observed across race/ethnicity groups. For the years 200911-20142, White non-
Hispanic women had a blood mercury level of 4.13-6 pg/L, Black non-Hispanics had 2.73-2
ug/L, Mexican-American women had 1.72 pg/L, and women in the ”All Other
Races/Ethnicities” group had 5.78 pg/L. (See Table B3b.)
= The differences between race/ethnicity groups were statistically significant after
accounting for differences by income level and age.
Among women in the 95™ percentile of exposure, women living at or above the poverty
level had higher blood levels of total mercury (4.2 6-ug/L) compared with women living
below poverty level (2.19 pg/L), a difference that was statistically significant. (See Table
B3b.)
The median and 95 percentile values for women of child-bearing age were about 3 to 4
times those of children ages 1 to 5 years. (See Table B3 and Table B3c.)
Among children ages 1 to 5 years in the 95" percentile of exposure, the concentration of
total mercury in blood showed a decreasing trend from 2.3 pg/L in 1999-2000 to 1.20 pg/L
in 20134—-20142. The median blood mercury level for children ages 1 to 5 years stayed
relatively constant for the same time period. (See Table B3c.)
m The decreasing trend in 95" percentile blood mercury levels in children was statistically
significant.
Among children ages 1 to 17 years, median and 95 percentile blood mercury levels
generally increased with age in 201189-20124, with higher blood mercury levels among
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children ages 6 years and older. Children ages 16 to 17 years had a median level of mercury

in blood of 0.4 ug/L and a 95™ percentile of 2.28 pg/L. (See Table B3d.)

= The differences by age group were statistically significant at both the median and the
95t percentile.

America’s Children and the Environment | Third Edition, Updated October-July 20172015 [}



References | Mercury

References

1. U.S. Environmental Protection Agency. 2007. Organic Mercury: TEACH Chemical Summary. Retrieved
January 26, 2010 from http://www.epa.gov/teach/chem_summ/mercury_org summary.pdf.

2. U.S. Environmental Protection Agency. 2006. National Vehicle Mercury Switch Recovery Program. U.S. EPA.
Retrieved October 5, 2011 from http://www.epa.gov/hg/switchfs.htm.

3. U.S. Environmental Protection Agency. 2011. Proposed Rule: National Emission Standards for Hazardous
Air Pollutants from Coal- and Oil-Fired Electric Utility Steam Generating Units and Standards of Performance
for Fossil-Fuel-Fired Electric Utility, Industrial-Commercial-Institutional, and Small Industrial-Commercial-
Institutional Steam Generating Units. Federal Register 76 (85):4976-25147.
http://federalregister.gov/a/2011-7237.

4. U.S. Environmental Protection Agency. 1997. Mercury Study Report to Congress Volumes I to VII. Washington
DC: U.S. Environmental Protection Agency Office of Air Quality Planning and Standards and Office of Research
and Development. EPA-452/R-97-003. http://www.epa.gov/hg/report.htm.

5. Fitzgerald, W.F.,, D.R. Engstrom, R.P. Mason, and E.A. Nater. 1998. The case for atmospheric mercury
contamination in remote areas. Environmental Science and Technology 32 (1):1-7.

6. Carrie, J., F. Wang, H. Sanei, R.W. Macdonald, P.M. Outridge, and G.A. Stern. 2010. Increasing contaminant
burdens in an arctic fish, Burbot (Lota lota), in a warming climate. Environmental Science and Technology 44
(1):316-22.

7.Lindberg, S.E., S. Brooks, C.J. Lin, K.J. Scott, M.S. Landis, R.K. Stevens, M. Goodsite, and A. Richter. 2002.
Dynamic oxidation of gaseous mercury in the Arctic troposphere at polar sunrise. Environmental Science and
Technology 36 (6):1245-56.

8. Lindberg, S.E,, S. Brooks, C.-]. Lin, K. Scott, T. Meyers, L. Chambers, M. Landis, and R. Stevens. 2001.
Formation of reactive gaseous mercury in the Arctic: evidence of oxidation of Hge to gas-phase HG-II
compounds after Arctic sunrise. Water, Air, and Soil Pollution; Focus 1 (5-6):295-302.

9. Lee, R, D. Middleton, K. Caldwell, S. Dearwent, S. Jones, B. Lewis, C. Monteilh, M.E. Mortensen, R. Nickle, K.
Orloff, et al. 2009. A review of events that expose children to elemental mercury in the United States.
Environmental Health Perspectives 117 (6):871-878.

10. U.S. Environmental Protection Agency. 2002. Task Force on Ritualistic Uses of Mercury Report. Washington,
DC: U.S. EPA, Office of Emergency and Remedial Response. EPA/540-R-01-005.
http://www.epa.gov/superfund/community/pdfs/mercury.pdf.

11. Agency for Toxic Substances and Disease Registry. 2009. Children's Exposure to Elemental Mercury: A
National Review of Exposure Events. Atlanta, GA: Agency for Toxic Substances and Disease Registry.

12. Agency for Toxic Substances and Disease Registry. 2006. Health Consultation: Mercury-Containing
Polyurethane Floors in Minnesota Schools. Atlanta, GA: U.S. Department of Health and Human Services.
http://www.atsdr.cdc.gov/HAC/pha/MercuryVaporReleaseAthleticPolymerFloors/MercuryVaporRelease-
FloorsHC092806.pdf.

13. Bellinger, D.C,, F. Trachtenberg, L. Barregard, M. Tavares, E. Cernichiari, D. Daniel, and S. McKinlay. 2006.
Neuropsychological and renal effects of dental amalgam in children: a randomized clinical trial. JAMA 295
(15):1775-83.

14. DeRouen, T.A., M.D. Martin, B.G. Leroux, B.D. Townes, ].S. Woods, |. Leitao, A. Castro-Caldas, H. Luis, M.
Bernardo, G. Rosenbaum, et al. 2006. Neurobehavioral effects of dental amalgam in children: a randomized
clinical trial. JAMA 295 (15):1784-92.

15. National Research Council. 2000. Toxicological Effects of Methylmercury. Washington, DC: National
Academy Press.

16. Institute of Medicine. 2004. Immunization Safety Review: Vaccines and Autism. Washington, DC: National
Academies Press. http://www.nap.edu/catalog.php?record_id=10997.

America’s Children and the Environment | Third Edition, Updated Oetober-July 20175



References | Mercury

17. Price, C.S.,, W.W. Thompson, B. Goodson, E.S. Weintraub, L.A. Croen, V.L. Hinrichsen, M. Marcy, A.
Robertson, E. Eriksen, E. Lewis, et al. 2010. Prenatal and infant exposure to thimerosal from vaccines and
immunoglobulins and risk of autism. Pediatrics 126 (4):656-64.

18. Thompson, W.W., C. Price, B. Goodson, D.K. Shay, P. Benson, V.L. Hinrichsen, E. Lewis, E. Eriksen, P. Ray,
S.M. Marcy, et al. 2007. Early thimerosal exposure and neuropsychological outcomes at 7 to 10 years. New
England Journal of Medicine 357 (13):1281-92.

19. Centers for Disease Control and Prevention. Mercury and Thimerosal: Vaccine Safety. CDC. Retrieved
October 12, 2010 from http://www.cdc.gov/vaccinesafety/Concerns/thimerosal/index.html.

20. Canadian Council of Ministers of the Environment. 2000. Methylmercury: Canadian Tissue Residue
Guidelines for the Protection of Wildlife Consumers of Aquatic Biota. Ottawa, Ontario: Environment Canada.

21.Harada, M. 1995. Minamata disease: methylmercury poisoning in Japan caused by environmental
pollution. Critical Reviews in Toxicology 25 (1):1-24.

22. Amin-Zaki, L., S. Elhassani, M.A. Majeed, T.W. Clarkson, R.A. Doherty, and M. Greenwood. 1974. Intra-
uterine methylmercury poisoning in Iraq. Pediatrics 54 (5):587-95.

23. Budtz-Jorgensen, E., P. Grandjean, and P. Weihe. 2007. Separation of risks and benefits of seafood intake.
Environmental Health Perspectives 115 (3):323-7.

24. Crump, K.S,, T. Kjellstrom, A.M. Shipp, A. Silvers, and A. Stewart. 1998. Influence of prenatal mercury
exposure upon scholastic and psychological test performance: benchmark analysis of a New Zealand cohort.
Risk Analysis 18 (6):701-13.

25. Debes, F., E. Budtz-Jorgensen, P. Weihe, R.F. White, and P. Grandjean. 2006. Impact of prenatal
methylmercury exposure on neurobehavioral function at age 14 years. Neurotoxicology and Teratology 28
(3):363-75.

26. Grandjean, P., P. Weihe, R.F. White, F. Debes, S. Araki, K. Yokoyama, K. Murata, N. Sorensen, R. Dahl, and P.J.
Jorgensen. 1997. Cognitive deficit in 7-year-old children with prenatal exposure to methylmercury.
Neurotoxicology and Teratology 19 (6):417-28.

27. Kjellstrom, T., P. Kennedy, S. Wallis, and C. Mantell. 1986. Physical and mental development of children with
prenatal exposure to mercury from fish. Stage 1: Preliminary tests at age 4. Sweden: Swedish National
Environmental Protection Board.

28. Oken, E., and D.C. Bellinger. 2008. Fish consumption, methylmercury and child neurodevelopment.
Current Opinion in Pediatrics 20 (2):178-83.

29. Myers, G.J., P.W. Davidson, C. Cox, C.F. Shamlaye, D. Palumbo, E. Cernichiari, . Sloane-Reeves, G.E. Wilding,
J. Kost, L.S. Huang, et al. 2003. Prenatal methylmercury exposure from ocean fish consumption in the
Seychelles child development study. Lancet 361 (9370):1686-92.

30. Davidson, P.W,, ] Strain, G.J. Myers, S.W. Thurston, M.P. Bonham, C.F. Shamlaye, A. Stokes-Riner, ].M.
Wallace, P.J. Robson, E.M. Duffy, et al. 2008. Neurodevelopmental effects of maternal nutritional status and
exposure to methylmercury from eating fish during pregnancy. Neurotoxicology 29 (5):767-75.

31. Lynch, M.L,, L.S. Huang, C. Cox, ].J. Strain, G.J. Myers, M.P. Bonham, C.F. Shamlaye, A. Stokes-Riner, ].M.
Wallace, E.M. Duffy, et al. 2011. Varying coefficient function 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.

32. Strain, ].J., P.W. Davidson, M.P. Bonham, E.M. Duffy, A. Stokes-Riner, S.W. Thurston, ].M. Wallace, P.].
Robson, C.F. Shamlaye, L.A. Georger, et al. 2008. Associations of maternal long-chain polyunsaturated fatty
acids, methyl mercury, and infant development in the Seychelles Child Development Nutrition Study.
Neurotoxicology 5:776-82.

America’s Children and the Environment | Third Edition, Updated October-July 20172015



References | Mercury

33.Lederman, S.A,, R.L. Jones, K.L. Caldwell, V. Rauh, S.E. Sheets, D. Tang, S. Viswanathan, M. Becker, J.L. Stein,
R.Y. Wang, et al. 2008. Relation between cord blood mercury levels and early child development in a World
Trade Center cohort. Environmental Health Perspectives 116 (8):1085-91.

34. Oken, E., ].S. Radesky, R.0. Wright, D.C. Bellinger, C.]. Amarasiriwardena, K.P. Kleinman, H. Hu, and M.W.
Gillman. 2008. Maternal fish intake during pregnancy, blood mercury levels, and child cognition at age 3 years
in a US cohort. American Journal of Epidemiology 167 (10):1171-81.

35. Oken, E., R.0. Wright, K.P. Kleinman, D. Bellinger, C.J]. Amarasiriwardena, H. Hu, ].W. Rich-Edwards, and
M.W. Gillman. 2005. Maternal fish consumption, hair mercury, and infant cognition in a U.S. Cohort.
Environmental Health Perspectives 113 (10):1376-80.

36. Cao, Y., A. Chen, R.L. Jones, ]. Radcliffe, K.L. Caldwell, K.N. Dietrich, and W.]. Rogan. 2010. Does background
postnatal methyl mercury exposure in toddlers affect cognition and behavior? Neurotoxicology 31 (1):1-9.

37.Davidson, P.W.,, G.]. Myers, C. Cox, C. Axtell, C. Shamlaye, ]. Sloane-Reeves, E. Cernichiari, L. Needham, A.
Choi, Y. Wang, et al. 1998. Effects of prenatal and postnatal methylmercury exposure from fish consumption
on neurodevelopment: outcomes at 66 months of age in the Seychelles Child Development Study. JAMA 280
(8):701-7.

38. Freire, C., R. Ramos, M.]. Lopez-Espinosa, S. Diez, J. Vioque, F. Ballester, and M.F. Fernandez. 2010. Hair
mercury levels, fish consumption, and cognitive development in preschool children from Granada, Spain.
Environmental Research 110 (1):96-104.

39. Karagas, M.R,, A.L. Choi, E. Oken, M. Horvat, R. Schoeny, E. Kamai, W. Cowell, P. Grandjean, and S. Korrick.
2012. Evidence on the human health effects of low-level methylmercury exposure. Environmental Health
Perspectives 120 (6):799-806.

40. Grandjean, P., K. Murata, E. Budtz-Jorgensen, and P. Weihe. 2004. Cardiac autonomic activity in
methylmercury neurotoxicity: 14-year follow-up of a Faroese birth cohort. The Journal of Pediatrics 144
(2):169-76.

41. Sorensen, N., K. Murata, E. Budtz-Jorgensen, P. Weihe, and P. Grandjean. 1999. Prenatal methylmercury
exposure as a cardiovascular risk factor at seven years of age. Epidemiology 10 (4):370-5.

42. Brenden, N., H. Rabbani, and M. Abedi-Valugerdi. 2001. Analysis of mercury-induced immune activation in
nonobese diabetic (NOD) mice. Clinical and Experimental Immunology 125 (2):202-10.

43. Sweet, L.I,, and ].T. Zelikoff. 2001. Toxicology and immunotoxicology of mercury: a comparative review in
fish and humans. Journal of Toxicology and Environmental Health. Part B, Critical Reviews 4 (2):161-205.

44. Institute of Medicine. 2007. Seafood Choices. Balancing Benefits and Risks. Washington, DC: Committee on
Nutrient Relationships in Seafood: Selections to Balance Benefits and Risks. Food and Nutrition Board.
Institute of Medicine.

45. U.S. Environmental Protection Agency, and U.S. Food and Drug Administration. 2004. What you need to
know about mercury in fish and shellfish. Advice for women who might become pregnant, women who are
pregnant, nursing mothers and children. Washington DC: U.S. Environmental Protection Agency and U.S. Food
and Drug Administration. EPA-823-F-04-009.
http://www.epa.gov/waterscience/fish/files/MethylmercuryBrochure.pdf.

46. U.S. Department of Agriculture, and U.S. Department of Health and Human Services. 2010. Dietary
Guidelines for Americans, 2010. Washington, DC: U.S. Government Printing Office.
http://www.cnpp.usda.gov/Publications/DietaryGuidelines/2010/PolicyDoc/PolicyDoc.pdf.

47. Mahaffey, K.R., R.P. Clickner, and C.C. Bodurow. 2004. Blood organic mercury and dietary mercury intake:
National Health and Nutrition Examination Survey, 1999 and 2000. Environmental Health Perspectives 112
(5):562-70.

America’s Children and the Environment | Third Edition, Updated Oetober-July 20175



References | Mercury

48. 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).
Environmental Health Perspectives 117 (1):47-53.

49. Hightower, ].M,, A. O'Hare, and G.T. Hernandez. 2006. Blood mercury reporting in NHANES: identifying
Asian, Pacific Islander, Native American, and multiracial groups. Environmental Health Perspectives 114
(2):173-5.

50. McKelvey, W., R.C. Gwynn, N. Jeffery, D. Kass, L.E. Thorpe, R.K. Garg, C.D. Palmer, and P.]. Parsons. 2007. A
biomonitoring study of lead, cadmium, and mercury in the blood of New York city adults. Environmental
Health Perspectives 115 (10):1435-41.

51. Schober, S.E,, T.H. Sinks, R.L. Jones, P.M. Bolger, M. McDowell, . Osterloh, E.S. Garrett, R.A. Canady, C.F.
Dillon, Y. Sun, et al. 2003. Blood mercury levels in US children and women of childbearing age, 1999-2000.
The Journal of the American Medical Association 289 (13):1667-74.

52.Knobeloch, L., H.A. Anderson, P. Imm, D. Peters, and A. Smith. 2005. Fish consumption, advisory
awareness, and hair mercury levels among women of childbearing age. Environmental Research 97 (2):220-7.

53. Centers for Disease Control and Prevention. 2009. Fourth National Report on Human Exposure to
Environmental Chemicals. Atlanta, GA: CDC. http://www.cdc.gov/exposurereport/.

54. Clarkson, T.W. 2002. The three modern faces of mercury. Environmental Health Perspectives 110 Suppl
1:11-23.

55. Tollefson, L., and F. Cordle. 1986. Methylmercury in fish: a review of residue levels, fish consumption and
regulatory action in the United States. Environmental Health Perspectives 68:203-8.

56. Caldwell, K.L.,, M.E. Mortensen, R.L. Jones, S.P. Caudill, and ].D. Osterloh. 2009. Total blood mercury
concentrations in the U.S. population: 1999-2006. International Journal of Hygiene and Environmental Health
212 (6):588-98.

57. National Center for Health Statistics. Vital Statistics Natality Birth Data. Retrieved June 15, 2009 from
http://www.cdc.gov/nchs/data_access/Vitalstatsonline.htm. .

58. Axelrad, D.A,, and ]. Cohen. 2011. Calculating summary statistics for population chemical biomonitoring in
women of childbearing age with adjustment for age-specific natality. Environmental Research 111 (1):149-155.

America’s Children and the Environment | Third Edition, Updated October-July 20172015



