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INTRODUCTION

Non-occupational exposures of the human population to mercury occur
predominantly as methylmercury from fish and shellfish consumption and as
inorganic mercury among the segment of the population for whom silver-
mercury amalgams have been used in dental restorations. These sources of
exposure are sufficiently common as to constitute the background onto which
additional sporadic exposures are added. Examples of the latter include mercury
in cosmetics, folk remedies, cultural practices, accidents, and forensic or use of
mercury as a poison.

Occupational exposures which cover a wide range of types of work (e.g.,
chloralkali factory workers, dentists, dental technicians, gold miners) are
predominantly to inorganic mercury, mercury vapors, and various mercury salts.
The rare occupational exposure to organo-mercurials has proven extremely
dangerous. However, organo-mercurial residues have been identified in
environmental samples at former mercury plants where organo-mercurials for
pesticide use were produced (Hempel et al., 1995).

This chapter provides an overview of reports on sources of mercury in the
Americas during the past 30 years. The descriptions are for specified subgroups
and usually provide no indication of the prevalence of the exposures in the
general population. The usual situation relies on reported mercury exposures in a
geographic location, a cohort, an occupation, a poisoning episode, or in some
other subgroup.
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Based on this collage of data describing the magnitude of mercury exposures
in the Americas, an estimate of the sources and pervasiveness of the mercury
exposures emerges. This chapter does not compare exposure estimates with risk
values for methylmercury (e.g., NAS/NRC, 2000; Rice et al., 2003; JECFA,
2003).

BIOLOGICAL INDICATORS OF MERCURY
EXPOSURE

Biomarkers of Mercury Exposure

Environmental data describing mercury concentrations in media including
air, water, sediments, biota, etc. indicate the magnitude of contamination of
various routes of mercury exposure. In risk assessments relating mercury
exposure to health effects, dose-response for a group of individuals may include
consideration of biomarkers of exposure to the prevalence of adverse health
effects. Chemical analyses of body fluids and tissues provide an indication of the
chemical species of mercury to which the person was exposed, the magnitude,
the time and duration of the exposure. Whole blood, urine, and hair are the body
fluids and products typically analyzed to determine their mercury concentration
to provide an indication of the person’s mercury exposures. These three tissues
provide diverse information. For example, blood mercury typically is used to
indicate exposure to organic mercury, almost always dominated by
methylmercury. Urinary mercury is an indicator of exposure to inorganic
mercury. Hair mercury is dominated by exposure to methylmercury. Because
mercury can deposit on hair from surface contamination, total mercury content
of hair may not be a reflection of mercury excreted from the body, but may be
dominated by mercury from surface contamination. In depth review articles on
this topic include: Risher et al. (2002), Mason et al. (2001). Veiga (2004)
provides guidance on practical aspects of collection of environmental and human
biological samples for evaluation of exposure to mercury vapor, inorganic
mercury and methylmercury. Veiga (2004) also reviews in-depth methodologies
for analyses that provide both total and chemically speciated mercury
concentrations. A brief overview of the relationship of chemical species of
mercury to mercury concentrations in biological materials used as biomarkers of
exposure follows.
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Chemical Forms of Mercury to Which People Are Commonly
Exposed

Methylmercury. More than 95% of methylmercury present in diet is absorbed
from the gastrointestinal tract. The half-life of total blood mercury in human
adults is generally given as approximately 70 days, however, individual values
as long as 250 days have been reported by Birke et al. (1972). Based on data
from 48 patients al-Shahristani and Shihab (1974) reported that biological half-
times of blood mercury varied between 37 and 189 days, with an average of 72
days. The half-life of methylmercury in blood has been estimated to be 44 days
based on single exposure intravenous injection of radio-labeled methylmercury
(Smith et al., 1994). Based on results from Kershaw et al. (1980) elimination of
methylmercury from blood had a biphasic half-time of 7.6 hours (range 4.9
hours to 9.5 hours) and 52 days (range 39 days to 66 days) following
consumption of single serving of high-mercury fish (Kershaw et al., 1980).
Sherlock et al. 1984 reported a half-time of 50 days (range 42 to 70 days) for
methylmercury from consumption of fish over a period of several weeks in a
group of adult volunteers.

Among the general population in the United States when total blood mercury
exceeded ~ 4 pg/L more than 90% of the mercury present was organic mercury
(Mahaffey et al., 2004). The source of organic mercury for the general
population is methylmercury from the consumption of fish and shellfish.

Inorganic mercury. Blood inorganic mercury concentrations have been used
to detect acute, high dose exposures. At high exposures the cell-to-plasma ratio
ranges from a high of two to less than one (Goyer and Clarkson, 2001; Mason et
al., 2001). Alternately monitoring of urine is the indicator for exposure to
chronic, low-to-moderate inorganic mercury exposure (Mason et al., 2001).
Health risks associated with various values are discussed elsewhere. The
distribution of inorganic mercury concentrations is discussed below.

The half-life of inorganic mercury in blood is about three days based on
experimental studies with radio-labeled mercury (Cherian et al., 1978). A second
slower half-life of about two to three weeks has been indicated based on studies
in chloralkali workers whose exposures were terminated (Barregard et al., 1992).
Urinary levels are used to monitor sustained exposure to inorganic mercury.

Mercury vapor. An excellent recent review of the health effects of mercury
vapor is provided in the UNIDO Protocols for Environmental and Health
Assessment of Mercury Released by Artisanal and Small-Scale Gold Miners
(Veiga, 2004). Inhalation of mercury vapor is the most significant form of
mercury exposure for mining and gold shop workers engaged in these types of
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mining operations. Once inside the lungs mercury is oxidized forming Hg (IT)
complexes which are soluble in many body fluids.

The half-time of Hg in blood absorbed as a vapor is 2 to 4 days after which
90% is excreted through urine and feces followed by a second phase with a half-
time of 15-30 days (WHO, 1991). Between passage of elemental mercury
through the alveolar membrane and complete oxidation, mercury accumulates in
the central nervous system (Mitra, 1986). During this process mercury can
irreversibly damage the central nervous system. At exposures of moderate
duration, the kidneys are also affected. Short-term exposure to high levels of
mercury vapor produces chest pain, dyspnea, cough impaired pulmonary
function, interstitial pneumonitis (Veiga, 2004; WHO, 1991). Occupational
exposures to mercury vapor have caused psychiatric symptom, hallucinations,
erethism (exaggerated emotional response), insomnia, and muscular tremors
(WHO, 1991).

Ethylmercury, Phenylmercury and Other Mercury Compounds Ethylmercury
has been added as a preservative to vaccines and biologicals since the 1930s
(Midthun, 2004). The metabolism of ethylmercury administered by
intramuscular injection (as it would be used in vaccines) differs from
methylmercury based on studies with primates (Burbacher et al, 2004).
Compared with methlymercury, ethylmercury derived from thimerosal has a
shorter terminal half-life in both blood and brain. In young monkeys, Burbacher
et al. (2004) found minimal accumulation of total blood mercury from
ethylmercury derived from thimerosal, but found that the brain-to-blood partition
ratio for ethyl mercury was higher than that for methylmercury. Earlier work by
Pichichero et al. (2002) had reported that the blood half-life for ethylmercury in
human infants was 7 days, substantially shorter than the half-life of
methylmercury. Measurement of blood mercury levels in infants 48 to 72 hours
after hepatitis B vaccinations at birth showed a substantial elevation in their
blood mercury concentration (Stajich et al., 2000).

Phenylmercury is absorbed from the gastrointestinal tract and excreted in the
urine based on studies with adult volunteers. This form of mercury has been
used as a preservative in cosmetics and has been used as an anti-infection agent
in products such as mouth washes (Lauwerys et al., 1977). A study with adult
human volunteers (Lauwerys et al., 1977) showed use of these products resulted
in a marked increased urinary mercury excretion and an increase in blood
mercury concentration with even very short-term use. Use of hand soap
containing phenylmercuric borate was associated with increased urinary mercury
among adult male and female health professionals using the soap as a
disinfectant in hand cleaning (Peters-Haefeli et al., 1976). It was estimated that
use of hand soap containing 0.04% phenylmercuric borate increased daily
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mercury absorption between 30 to 100 pg Hg/24 hours, in part due to hand-to-
mouth transfer of mercury.

Biological Media Used to Indicate Mercury Exposure

Blood Mercury. Blood mercury concentration is the preferred biomarker for
exposure to methylmercury. When blood mercury exceeded ~ 4 pg/L, more than
90% of mercury in blood was present as organic or methylmercury in adult
women in a sample representative of the United States population (Mahaffey et
al., 2004). At lower blood mercury concentrations in the range of 1 pg/L to 2
pg/L blood mercury indicates exposures to both inorganic mercury and
methylmercury (Mahaffey et al., 2004; Morrissette et al., 2004). Whether the
inorganic form or methyl form predominates, depends on the relative
contribution to the total mercury burden of fish consumption vs. dental
amalgams.

In occupational settings where there is high exposure to mercury vapor, blood
inorganic mercury has been found to be elevated and closely correlated with
urinary mercury (e.g., data on chlor-alkali workers - see Smith et al., 1970).
These findings were reported from subjects whose exposures ranged to levels far
higher than observed in the general population in the Americas; i.e., > 20-30
pg/L whole blood. Exposure to mercury vapor may occur non-occupationally in
mercury spills or in ritualistic use of mercury (see 4.7 below).

Urinary mercury. Urine mercury concentration is usually expressed in pg/L.
Frequently mercury concentrations are adjusted for creatinine excretion.
Creatinine is excreted by the kidneys and is a breakdown produce of creatine
which is a constituent of muscle. Creatinine excretion depends on muscle mass
so values for a person are relatively constant depending on age and lean body
mass. Creatinine concentrations are usually expressed in mg/dL. Urinary values
expressed simply in volume (per L) are subject to dilution and consequently
more variable with the quantity of fluids consumed.

The half-life of urinary excretion of mercury has been reported to range from
as short as 20 days to as long as 90 days (Mason et al., 2001). Based on likely
half-lives of 40 to 90 days, urinary mercury is an integrated marker of exposure
over previous months (Mason et al., 2001).

Reference published for urinary mercury, e.g., Iyenger and Woittiez (1988)
indicated the 95% upper confidence limit was < 20 pg/L. Among the 1748
women aged 16-49 years who participated in the 1999-2000 NHANES, the 95
percentile value was 5 pg/L or 3.27 pg Hg/g creatinine (CDC, 2003).

Urinary mercury is the preferred biomarker for exposure to inorganic mercury
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and over time increases in response to exposure to low levels of mercury vapor.
Mercury concentrations in the urine will also increase with exposure to other
mercurials including phenylmercury. Inorganic mercury can also arise from
demethylation of methylmercury. An increase in urinary inorganic mercury can
be shown in subjects with a high methylmercury intake (Carta et al., 2003;
Johnsson et al., 2004).

Hair mercury. Growth, morphology and histochemistry of human hair have
been reviewed in detail (Swift, 1997). Hair is approximately 95% proteinaceous
and 5% a mixture of lipids, glycoproteins, remnants of nucleic acids, and in the
case of pigmented hairs of melanin and phaecomelanin. Hair contains a central
core of closely packed spindle-shaped cortical cells, each filled with macrofibrils
which, in tum, consists of microfibril/matrix composit. The amino acid
composition of hair is high in those amino acids with side-chains (particularly,
those containing cystine, cysteine, tyrosine, and tryptophan). The cortical core is
covered by some sheet-like cells of the cuticle. The surfaces of all of the hair
shaft have a thin layer of lipids which is covalently attached to the underlying
protein. ,

As hair grows methylmercury is incorporated into hair. There is a general
view that hair grows about 1 cm per month, although there is evidently
substantial variability around this value. Hair mercury analyses are complicated
by the problem of deposition of mercury onto the hair after it has been formed
from external sources including cosmetics (e.g., dyes and Hg’ vapors).

Hair mercury is predominantly methylmercury, but the percent of total hair
mercury that is methylmercury has been reported to be 80% (WHO, 1990) to
values ranging from 90% to 98% (Dolbec et al., 2000). Generally hair is thought
to be 250 to 300 times more concentrated in mercury than is blood (WHO, 1990;
Veiga, 2004), although lower values have also been given including a range of
150 to 200 (Gill et al., 2002). A far wider range of individual values exists. For
example, Dolbec et al. (2000) reported hair to blood ratios ranging between 81
and 624. The extent to which this ratio is applicable across all age and
ethnic/racial groups remain to be confirmed. Seidel et al. (2001) have noted many
problems with commercial laboratories performing hair analyses for trace
elements.

Inorganic mercury is not considered to be excreted in hair, although inorganic
mercury can be a surface contaminant on hair. Hair is not considered as good an
indicator of exposure to mercury vapor (Veiga, 2004) or to inorganic mercury
(Veiga, 2004) as is urine.
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Biological Variation by Age, Gender and Physiological
Status

Because concentrations of mercury in human tissues are determined by
environmental exposures to mercury, it is difficult to describe biological
variation by age, gender, and physiological status, with a few exceptions. The
generalities are that exposures depend more on the work habits and food
consumption habits of the population being described. If mercury exposures are
unusually high in a particular occupation, for example dentistry, the sex
distribution of professionals in that occupation will, of course, greatly influence
sex-related differences in that particular
occupational exposure. With regard to methylmercury, if methylmercury were
closely tied to caloric intakes per kilogram of body weight, men would
consistently have higher exposures to methylmercury than women. However,
methylmercury exposure is closely linked to consumption of fish and shellfish,
in general, and to consumption of high-trophic level piscivorous fish, in
particular, Consequently eating patterns of particular species of fish and shellfish
predict dietary intakes of methylmercury.

Generally men have higher intakes of methylmercury on a per kilogram body
weight basis than do women, as well as having higher hair and blood mercury
concentrations. Higher mercury exposures among men have been identified in
some data sets (e.g., Dolbec, et al., 2000). However, the gender-associated
difference is not consistent. For example, Kosatsky et al. (2000) found no
association between gender and mercury exposure among sports fish consumers.

Some major data sets report an increase in blood mercury concentrations with
age among women of reproductive age. Examples of data sets in which blood
mercury levels increased with age are results from the 1709 women ages 16
through 49 who were examinees in the 1999-2000 National Health and Nutrition
Examination Survey in the United States (Mahaffey et al., 2004) and the cord
blood mercury data for a group of ~1100 southern Quebec, Canadian women
reported by Rhiands et al. (1999). Other data sets indicate no increase in
concentration of mercury with age (among others see Kosatsky et al., 2000).

One pattern that has consistently been identified in data from multiple
sources is the ratio of cord blood mercury concentration to maternal blood
mercury concentration. Cord blood averages 70% to 80% higher than maternal
blood based on analyses of matched cord maternal pairs (Sterns and Smith,
2003). In addition to the data sets included in the analyses by Sterns and Smith
(2003), several published subsequently from diverse parts of the world have
provided subsequent confirmation of this ratio. Among others see: Muckle et al.
(2001) among the northern Quebec Inuits; Morrisette et al. (2004), among
women living along the St. Lawrence River; Sakamoto et al. (2004) among
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Japanese women.

Blood mercury levels among children have to be interpreted with knowledge
of the child’s age and degree of mercury exposure. At birth newborns have
higher blood mercury concentrations than their mothers. These blood mercury
concentrations appear to decline rapidly in populations with low mercury
exposures.

For example, in the NHANES data (Schober et al., 2003), children’s blood
concentrations were approximately one-fourth as high as those of adult female
examinees. Hair mercury concentrations among 1-through-5 year-old children
were less than one-half those of the women ages 16-through-49 years
(McDowell et al., 2004). By contrast, under conditions when methylmercury
exposures are substantially higher, children’s mercury concentrations do not
differ very much from those of adults. For example, Santos et al. (2002) found
mean hair mercury concentrations of children aged 7 to 12 years were 14.4 pg/g,
compared with15.7 pg/g for adult women aged 14 to 44 years, and 14.1 pg/g for
all other people in their sample.

HUMAN DATA INDICATING MERCURY EXPOSURE
IN THE AMERICAS

Most reports on mercury exposure have aimed to evaluate populations
thought to be at risk of exposure to amounts of mercury thought to be
problematic. Efforts to identify data that provide reference ranges for the
population not considered at unusual risk of exposure and located in the
Americas are few. General population data for the entire age and gender range
appear not to be available for any country in the Americas.

United States of America

The recent United States data on blood mercury and hair mercury
concentrations are limited to women of childbearing age and children. Data on
adult males will be reported only beginning with examinees who participated in
the National Health and Examination Surveys (NHANES) in 2003 and later.
These data are unlikely to be published until late 2005 or 2006. Estimates of
exposures to people considered to have no unusual risk of mercury exposure can
be inferred by looking at data from groups selected as ‘“controls” when
evaluating “exposed” groups.
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Surveys among the General Population

The largest study of men from the general population is that of Kingman et
al. (1998) who analyzed urine and blood mercury concentration among 1127
Vietnam-era United states Air Force pilots (all men, average age 53 years at the
time of blood collection) for whom extensive dental records were available.
Blood values were determined for total mercury, inorganic mercury and
organic/methylmercury. The mean total blood mercury concentration was 3.1
ng/L with a range of “zero” (i.e., detection limit of 0.2 pg/L) to 44 ng/L. Overall,
75% of'total blood mercury was present as organic or methylmercury. Less than
1% of the variability in total blood mercury was attributable to variation in the
number and size of silver-mercury amalgam dental restorations. Dietary data on
the former pilots were very limited, so typical patterns of fish consumption were
not reported.

Table 1. Total Blood Mercury (ug/L) for Women Ages 16-49 Years
among the 1999-2000 NHANES Examinees (Mahaffey et al., 2004).

Sample Geometric Percentiles Selected |

Persons Mean 95%CI | 50® | 90® | 95% |
Total 1709 1.02 0.85-1.20 | 0.94 | 484 | 7.13
Age (vears)
16-19 513 0.63 0.49-0.76 | 0.58 | 2.47 | 3.28
20-29 437 0.87 0.68-1.06 | 0.79 | 4.79 | 6.43
30-39 405 1.09 0.84-1.35 | 0.97 | 5.07 | 8.95
40-49 354 1.32 1.04-1.60 | 1.24 | 531 | 7.13

Table 2. Blood Organic Mercury Concentrations (ug/L) for Women Ages 16-49
Years among the 1999-2000 NHANES Examinees (Mahaffey et al., 2004).

Sample | Geometric Selected Percentiles

Persons Mean 95% CI 50" g0t | g5t
Total 1707 0.80 0.34-0.66 060 | 444 1 6.73
Age (Years)
16-19 513 0.49 0.40-0.58 ND | 203 | 2.88
20-29 436 0.70 0.54-0.87 044 | 450 | 6.10
30-39 405 0.83 0.61-1.04 0.61 | 465 | 8.62
40-49 363 1.02 0.79-1.24 | 090 | 493 | 6.73
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In the United States the Centers for Disease Control conducts the NHANES
which provides medical examinations, biochemistry assessments for exposure to
environmental contaminants, dietary and medical histories, clinical chemistry
profiles, and a large number of other specialized tests to approximately 8,000
persons per year. This survey is conducted in approximately 25 to 30
communities per year and these communities are selected so that if treated by
appropriate population statistics, the data can provide a profile that is
representative of the United States as a whole.

Among adult women of childbearing age (considered being 16 years through
49 years) and young children ages one through six years (beginning with the
years 1999 and 2000), biomarkers of mercury exposure were measured. These
included hair mercury (total and inorganic), blood mercury (total and inorganic),
and urinary mercury (total only and among adult women only). Organic mercury
was calculated by differences and chemical speciation of samples indicated that
the predominant chemical species was methylmercury (Schober et al., 2003;
Mabhaffey et al., 2004). Although adult men, children older than six years, and
women older than 49 years were included among the NHANES examinees,
mercury measurements were not included for the age and gender groups during
the 1999 and 2000 years of the survey. These groups have been added beginning
in 2003. Blood mercury concentration data are shown in Table 1 which indicates
the geometric mean, 95% CI, 50® 90™ and 95™ percentiles for blood total
mercury by age group. Organic blood mercury concentrations, almost entirely
methylmercury, are shown in Table 2. Children in the age 1-t0-6 year age range
have much lower blood mercury concentrations than did the adult women. Table
3 shows hair mercury concentrations for adult women and children who were
examinees in the 1999 and 2000 NHANES.

Table 3. Mean and Selected Percentiles of Hair Mercury (Hg) Concentrations for
Children Aged 1-6 Years and Women Aged 16-49 years - National Health and Nutrition
Examination Survey, United States, 1999 (McDowell et al., 2004).

Selected Percentiles
Hair H Mean 10" 25% 0" 75" oo™ 95®
g |No.
(95% CI) (95% CI) (95% CI) 95% CI) ©5%CI) | (95%CI) (95% CI)

; 0.22 0.03 0.06 0.11 021 0.41 0.65
Children 838 (0.18,0.25) (0.01,0.05 (005007 [(0.10,0.13) | (0.15,027) | (0.33,049) | (0.52,0.76)
Women |1726 | 047 0.04 0.09 0.19 0.42 Lt 1.73

(0.35,0.58) 002,005 | (0.07,0.11)  [(0.14,024) | (0.29,055) | (0.54,1.68) | (1.44,2.02)

Surveys from Individual States

Analyses of blood and hair samples for mercury indicate a range of exposures
present under localized conditions. The upper end of this exposure distribution
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extends into concentrations reported to be 50 pg/L to 70 pg/L for blood; hair
values occasionally > 10 ppm with average values typically in the 1 ppm to 3
ppm range. This information has been provided in detail in US EPA’s Mercury
Study Report to Congress (US EPA, 1997), Volume 4, Section 6.4.4 (blood
mercury) and Section 6.5.2 (hair mercury). Blood mercury concentration was
associated with increased consumption of fish, particularly species known to be
high in methylmercury or species containing < 1 ppm mercury but consumed
routinely.

More recent data are not dissimilar, although from geographically diverse
areas. For example, hair mercury concentration of a group of 16 rural Alaskan
subsistence food users from Napakiak, a small Yup’ik Eskimo in southwest
Alaska was compared with a group of non-subsistence non-Yup’ik adults from
the urban interior city of Fairbanks, Alaska (Rothschild and Duffy, 2002). The
mean methylmercury concentration in hair for the Yup’iks was 1.45 ppm (range
0.32-4.00 ppm), which was higher than that of the Fairbank dwellers whose
mean was 0.19 ppm (range 0.03 to 0.43 ppm). Pregnant women (mainly during
their first trimester) from the eastern United States’ State of New Jersey had hair
and blood samples analyzed for total mercury (Stern et al., 2001). Between 85%
and 90% of women had hair mercury levels < 1.0 pg/g, and 1% to 2% had
values > 4.0 pg/g.

Exposures at the Higher End of the Continuum of the General
Population in the United States and Territories

There is a continuum of exposure to mercury with higher exposures found
among people with particular characteristics including geographic locations
(e.g., island populations), ethnic groups with food habits which prefer fish (e.g.,
Asian populations), occupations (e.g., dentists, gold miners), and life styles (e.g.,
affluent patients who have been consuming a high-fish diet for promotion of
cardiovascular health). These groups’ mercury exposures will be quite different
from those identified by either the NHANES data or general data reported in
state surveys.

Data from the NHANES provide an estimate for the United States
population. It may be important, however, that frequency of fish consumption -
the primary determinant of methylmercury exposure - was not a selection factor
for inclusion in the survey. This may or may not affect the validity of
extrapolation of the NHANES data in making population estimates. The initial
reports from 1999-2000 NHANES were based on 26 communities. Additional
two-year cycles of the NHANES will add between 25 and 30 communities with
each cycle. Currently the 2001/2002 data are being statistically analyzed and the
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2003 and early 2004 samples have been completed with the 2004 survey
underway.

These additional years of data from NHANES will strengthen our data base
and provide greater ability to better describe subpopulations. Nonetheless, based
on reports from case series, communities and medical practices, it is already
known that much higher exposures to methylmercury in the United States have
been documented than were identified among the 1999-2000 NHANES
examinees. As physicians have become more aware of mercury as a health
concern for the general population, obtaining mercury measurements on
patients’ blood samples have increased resulting in expanded awareness of the
magnitude of mercury exposure in groups not typically considered to be at
elevated risk of exposure to methylmercury.

Some health departments in the United States (e.g., the State of North
Carolina) have begun to offer screening for blood mercury to people who may be
concerned that their mercury exposures are elevated. For example, in Louisiana
the State Office of Public Health began offering to measure blood mercury levels
and reported screening values for 313 participants (Bellanger et al., 2000) whose
blood values ranged from < 0.3 pg/l to 35 pg/L with 1.9% > 20 pg/L. Higher
values were reported among commercial fishermen and their families. Blood
mercury values were twice as high among people who ate fish at least once a
week compared with people who ate fish twice a month or less. Elevated blood
mercury concentrations have been found among gamefish consumers in
Arkansas (Burge and Evans, 1994).

High blood mercury concentrations (e.g., > 80 ug/L) have been reported
among high-income individuals who choose to consume diets that contain large
amounts of fish in the view that such diets will be advantageous to their health.
Others pursue these diets for culinary preference. For example, Hightower and
Moore (2003) reported blood mercury concentrations from a private practice
patient population in San Francisco. From a total of 116 patients evaluated, 89%
had blood mercury concentration >5 pg/L, and 16% had concentrations =20
pg/L. Four individuals in this group had blood mercury levels more than 50
ug/L. Following the 2003 publication Hightower tested an additional 107
patients whose average blood mercury concentration was 21 pg/L (Hightower,
2004). Saint-Phard et al. (2004) reported a case series from University of
Colorado in which patients with elevated blood mercury (range 27 pg/L to 96
pg/L) associated with fish consumption had neurological symptoms (i.e.,
including paresthesias of the extremities and or electrodiagnostic evidence of
sensorimotor peripheral neuropathy).

In addition to these cases, other clinics and individual physicians have
identified individuals with blood, hair, and urinary mercury values considerably
higher than those reported among NHANES examinees. Among others see Kales
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and Goldman (2002). In addition to methylmercury ingested from frequent
consumption of fish containing high concentrations of methylmercury, other
medical reports indicate exposures to inorganic mercury from folk remedies,
cosmetics, gold smelting. It is important to know that the highest blood value
reported from 1999-2000 NHANES was 35 pg/L of which only about 50% of
the total mercury present was organic mercury (Mahaffey et al., 2004).

Residents of those states and territories of the United States (e.g., Hawaii,
Puerto Rico) who have geographic proximity to a steady supply of fresh fish
have greater intake of methylmercury than the more inland populations. For
example, Ortiz-Roque and Lopez-Rivera (2004) investigated blood mercury
concentrations and seafood consumption frequency among reproductive-age
women in two areas of Puerto Rico.

Overall-United-States data from NHANES indicated 30-day consumption of
fish and shellfish at the 50" percentile was 1.54 meals (95% CI: 1.25-1.82) and
at the 90™ percentile 10.81 meals (95% CI: 7.15-14.47) (Schoeber et al., 2003).
Average Puerto Rican total seafood consumption was 12.1 meals/30 days in NE
Puerto Rico and 21.2 meals/30 days in Vierques, an island municipality. That is
to say that average Puerto Rican fish and shellfish consumption was higher than
90" percentile intake for the overall United States. The percent of women whose
mercury intake exceeded the RfD was 6.6 in NE Puerto Rico and 26.8 in
Vieques. Among Viequenses three of the 41 women had hair mercury
concentrations higher than 12 ppm which is the lower bound of the benchmark
dose for mercury, an effect level (Ortiz-Roque and Lopez-Rivera, 2004).

Canada

Northern Canada

Canadian data on mercury exposure can generally be separated into studies of
northern Canada and studies from more southern Canadian regions. A
comprehensive review of the Arctic studies by Van Oostdam et al. (1999)
provided an in-depth analysis of the cultural and nutritional significance of
wildlife as food for indigenous people, as well as a consideration of a range of
contaminants including organochlorines, heavy metals, and radionucleides. A
monitoring program providing data on mercury levels among the Cree population
of James Bay, Quebec in 1988 and in 1993/1994 indicated that the proportion of
the Cree population with total hair mercury concentrations> 15.0 pg/g decreased
from 14.2% in 1988 to 2.7% in 1993/1994 (Dumont et al., 1998).

Inuit inhabitants of northern Canada in a region called Nanavik consume in
their traditional diet large amounts of marine foods. Muckle et al. (2001) reported
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cord biood, maternal blood, and maternal hair mercury concentrations averaged
18.5 pg/L, 10.4 pg/L, and 3.7 pg/g. Time trends in cord blood mercury reported
by Dallaire et al. (2003) describe concentrations of Inuit infants born between
1994 and 2001, indicate mean cord blood concentrations declined from
approximately 20 ug/L in 1993 to approximately 8 ugl/L in 1999. This decrease
does not appear to depend on a decline in fish consumption based on ®-3 fatty
acid level, an indicator of fish intake.

Southern Canada

Reports on blood and hair mercury concentrations in southern Canada
indicate much lower mercury exposures in general than observed in northern
Canada (see Table 4).

Rhainds et al. (1999) data on newboms’ after adjustment of mercury
concentration for differences in the cord blood to maternal blood ratio using 1.7
to 1.0 (Sterns and Smith, 2003) indicated maternal blood mercury concentrations
averaged < 1 ng/L. Comparing regions of Quebec, blood mercury concentrations
were associated with residency area with coastal > urban > suburban > rural.
Morrissette et al. (2004) identified a similar exposure range for women early in
pregnancy. Speciation of blood samples indicated about half of the mercury in
blood at this exposure range was inorganic mercury.

Table 4. Mercury Concentrations (pg/g wet weight) in Traditional Foods Consumed by
Canadian Aboriginal Peoples (modified from Chan, 1998).

Food Group Number Number of Arithmetic Standard Maximum
of Sites Samples Mean Deviation

Marine Mammal 32 764 0.85 1.05 334

Meat

Marine Mammal 6 71 0.08 0.05 0.13

Blubber

Terrestrial 6 19 0.03 0.02 0.17

Mammal Meat

Terrestrial 14 254 0.86 0.90 3.06

Mammal Organs

Fish 799 31,441 0.46 0.52 123

Birds 24 216 0.38 0.59 44

Plants 8 14 0.02 0.02 0.05

Mahaffey and Mergler (1998) found that increased consumption of lake fish
was associated with higher blood mercury concentrations among 289 residents
of Southwest Quebec, but with one exception total blood mercury concentrations
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were <5 pg/L. One individual, however, had a blood mercury concentration of
~70 pg/L greatly exceeding all of the other subjects.

Among groups who consume sports fish, methylmercury exposures are
somewhat higher. Kosatsky et al. (2000) compared blood mercury
concentrations among those who ate sports fish at least once a week and reported
a geometric mean blood mercury concentration of 3.03 £2.43 pg/L compared
with blood mercury of 1.44+2.23 ng/L for those eating sports fish less than once
a week. The highest blood mercury concentrations were associated with
consumption of high-food-chain piscivorous fish.

The wide variation in blood mercury concentrations, however, indicates some
consumers of fish with higher mercury levels. Hair mercury concentrations also
reflected these differences. Evaluation of the patterns of fish consumption
among the sports fishers (Kosatsky et al., 2000) showed a strong correlation
between blood mercury and hair mercury. A small group of sports fishers of
recent Asian immigration (from Vietnam and Bangladesh) had higher hair
mercury concentrations than the high-level, native-born Canadians (Kosatsky et
al., 1999b).

Brazil

Amazon River Basin and Tributaries

Widespread use of mercury to amalgam gold by miners in the Amazon River
Basin and its tributaries over past decades has resulted in severe contamination
with inorganic mercury. The process of producing a mercury-gold amalgam and
using torches to drive off the mercury in open air with no worker protection has
resulted in severe mercury poisoning among miners. The condensed mercury
vapor and inorganic residue are then dumped into the Amazon River Basin and
its tributaries. This topic is covered in detailed reviews by many others including
Eisler (2004).

To summarize briefly twenty-five years of significant data on the impact of
use of mercury in gold mining and its impact on the people living in the region,
hair mercury concentrations among riparian river people are highly elevated, but
variable depending on the amount and species of fish consumed. Seasonal
variation is also found because the species of fish that are available changes with
the season (Dolbec et al., 2001).

Mean or median hair mercury concentrations between 2 pg/g and 20 pg/g
have been reported (Akagi et al., 1995; Barbosa et al., 1998; Lebel et al., 1998;
Dolbec et al., 2000). Harada et al. (2001) evaluated three fishing villages located
several hundred kilometers downstream from the gold mining areas. Eighty
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percent of subjects had hair mercury concentrations > 10 ppm. Similar exposures
are reported by Dorea et al. (2003) who evaluated adult women of childbearing
age living in locations of the Rio Negro basin that were not impacted by gold
mining. These women consumed an estimated fish intake of 170 grams per day.

The mean mercury concentration in the individual fish species varied
between 0.04 and 0.59 pg/g, but 27% of samples had concentrations > 0.50 ug/g
and 7% were > 1.00 pg/g. The women’s hair mercury concentrations ranged
between 6.5 and 32.6 pg/g, with 82% of women’s values > 10 pg/g.

Sing et al. (2003) have studied Yanomama Indian villagers living near mined
and unmined rivers beginning in 1994. Re-evaluating these villagers indicated
average blood mercury concentration between 21.2 pg/I. and 43.1 pg/L. Mercury
concentrations in piscivorous fish (piranha) from the mined Catrimani River
ranged from 0.23 to 1.08 ppm. High mercury concentrations were also observed
in fish and villagers along the unmined Ajarani and Pacu Rivers.

Santos et al. (2002) conducted a cross-sectional study among the Munduruku
Indians living in the State of Para, Brazil. Mean hair mercury concentrations
were 14.4 ng/g for children aged 7 to 12 years, 15.7 ug/g for women aged 14 to
44 years, and 14.1 pg/g for all other people. Although the mercury
concentrations of the fish were < 0.5 ug/g, the amount of fish consumed resulted
in hair mercury concentrations for the women of childbearing age being higher
than considered without risk by the World Health Organization 1990.

Hair mercury in these Amazonian fish-eating populations has been
chemically speciated between inorganic mercury and organic mercury. In a
Negro River fish-eating population who consumes fish at least twice a day, total
hair mercury ranged from 1.5 pg/gto 59.0 ug/g (Barbosaet al., 2001). The mean
percentage of methylmercury was 71.3% (range 34% to 100%) of total mercury
in hair. The percent methylmercury was comparable across age and sex groups.
Among women of reproductive age, 65% had hair mercury concentrations > 10

pe/g.

Other Regions of Brazil

Regions of Brazil away from the Amazon have reported far lower mercury
exposures. For example, a coastal region of Brazil was evaluated because of
possible mercury contamination due to a chlor-alkali plant installed along one of
the tributaries of the channel (Nilson et al., 2001). Hair mercury concentrations
in this area were 1.9 pg/g total mercury and 1.2 pg/g methylmercury. Local fish
contained 0.026 total mercury and 0.019 methylmercury.
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Argentina

Study of mercury in marine mammals in coastal waters indicates mercury
contamination (Marcovecchio et al., 1994). Importance of local sources of
contamination illustrated by the distribution of mercury from a mercury cell
chlor-alkali factory that had operated for more than 40 years and dischaged plant
effluents near the main irrigation channel for agricultural land showed
accumulation of mercury in river bed sediments (Arribere et al., 2003).

Bolivia

Higher hair mercury concentrations among examinees in Japanese immigrant
settlements in Bolivia compared with other groups in Brazil and Paraguay
related to higher fish consumption among the Japanese immigrants (Tsugane and
Knodo, 1987).

Chile

An overview of mercury contamination in Chile is recently available
(Barrios-Guerra, 2004) that includes a description of industrial sources of
mercury in Chile. Hair mercury concentrations among 59 pregnant and nursing
women with normal to high fish and seafood consumption living in fishing
villages distributed throughout the coastal zone of Chile were compared with an
inland Chilean town (Bruhn et al., 1994). Total hair mercury content of the
women in the coastal villages was 2.0+ 1.4 pg/g compared with the control
group’s mean value of 0.4 + 0.2 pg/g.

French Guiana

An investigation of 500 individuals from 13 health centers indicated that
consumption of methylmercury from fish consumption (especially freshwater
fish) in diet played a predominant role in the total mercury burden and that in
some communities hair mercury concentrations exceeded 10 pg/g (Cordier et al.,
1998). In their overall sample 12% exceeded 10 pg/g, but in some Amerindian
communities up to 79% of the children had hair mercury concentrations > 10
ug/g. These investigators also identified some high exposures to inorganic
mercury associated with use of mercury for religious rituals.



362 CHAPTER-15: EXPOSURE TO MERCURY
SOURCES OF MERCURY EXPOSURE

Mercury in Foods and Products

Chemical species of Mercury

Methylmercury is bound to the amino acids in fish muscle and cannot be
removed by food preparation or cooking (Morgan et al., 1997). Estimates of
exposure to mercury through diet can be determined by chemical analyses of
food (Gunderson, 1995; Larsen et al., 2002; Nakagawa et al.; 1997; Sanzo et al.,
2001; Urieta et al., 1996; Ysart et al., 2000). Within the diet consumed by
populations who do not include marine mammals in their diets (marine mammals
are discussed separately below), fish and shellfish contain the highest mercury
concentrations (Larsen et al. 2002; Urieta et al., 1996; Ysert et al., 2000),
although frace amounts of total mercury may be detected in other dietary
components (e.g., eggs, organ meats such as kidney (Larsen et al., 2002), or offal
(Ysart et al,, 2000). Diets are usually analyzed for total mercury without
chemical speciation to differentiate between organic mercury, specifically
methylmercury, and inorganic mercury. Based on total diet data for the United
States, in which only total mercury is measured routinely, mercury is identified
consistently only in the fish and shellfish components of diet. Maclntosh et al.
(1996) indicated that dietary mercury exposures at the upper end of the
established distribution for approximately 120,000 adults were dominated by the
consumption of fish products (87% of total mercury intake), principally canned
tuna (65%), in the Nurses’ Health Study and Health Professional Follow-Up
Study. The organic mercury in fish and shellfish has been repeatedly speciated
and is methylmercury (Bloom, 1992; Falter and Scholer, 1994; Haxton et al.,
1979; Kannan et al., 1998).

Mercury present in fish is approximately 85% methylmercury and higher for
fish muscle (e.g., Storelli et al.; 2000, 2002). In nonmuscle tissues (e.g., organs
such as kidney or liver), the fraction of total mercury that is methylmercury is
substantially less than 80% to 90%. The fraction of mercury in shellfish that is
methylmercury varies even within a species. For example, Ipolyi et al. (2004)
found that the percent methylmercury in mussels varied between 33% and ~
90%.

Mercury Concentrations in Fish and Shellfish. Mercury concentration in fish
is determined by the feeding habits of the fish, the mercury concentration in
tissues of its prey, the fish’s age, and place in the food chain. Some highly
migratory species such as tuna appear to be more consistent in their mercury
concentration at a particular age and size than do species that remain in a much
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more restricted geographic range that can be more readily influenced by local
conditions. Reference to some of the larger or more detailed data sets on mercury
concentrations in fish and shellfish includes the following for particular
countries in the Americas:

USA Bahnick et al., 1994
Hall et al., 1978
Adams and McMichael, 2001

Canada Jensen et al., 1997 Canadian Arctic Contaminants
Assessment Report
Chan, 1998 Data Base for Environmental Contaminants in
Traditional Foods

Brazil Bidone et al., 1997 Tapajos River Basin, Para

Boischio and Henshel, 2000 Madeira River
Dolbec et al., 2001 Tapajos River Basin, Para
Dos Santos et al., 2000 Tapajos River Basin, Pard
Niercheski et al., 1997 Patos and Mirim Lagoons
Passos et al., 2003 Tapajds River Basin, Para

The concentration of methylmercury in fish and shellfish species ranges from
< 0.1 ppm for shellfish species to> 1 ppm for high-end predatory fish including
ocean fish [such as tuna (Storelli and Marcotrigiano, 2000), marlin (Schultz et
al., 1976), and sharks (Penedo de Pinho et ala., 2002)] and freshwater fish [e.g.,
walleye and northern pikes (Gilmour and Riedel, 2000; Jewett et al., 2003)].
Consequently mercury intake depends on the species of fish consumed, as well
as the quantity of fish eaten.

Mercury in Marine Mammals. Most of the traditionally harvested fish and
land/marine mammals consumed by the northern Canadian indigenous peoples
are long-lived and are from the higher trophic levels of the food chain which
contain greater concentrations of methylmercury than are found in nonpredatory
fish (Jensen et al., 1997). Several extensive data sets on mercury concentrations
in marine mammals consumed by indigenous populations living in the
circumpolar regions have been published (Wagemann et al., 1996 and 1998;
Caurant et al., 1996; Dietz et al., 1996). Analyses that determined chemically
speciated mercury have shown that mercury present in muscle tissue is largely
(>75%) organic mercury (i.e., methylmercury ) (Caurant et al., 1996). By
contrast, mercury present in organs such as liver and kidney is predominantly in
an inorganic form (Caurant et al.,1996). Traditional diets of indigenous peoples
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living in northern communities differ from one another (e.g., Dene Communities
in contrast with Inuit Communities) with substantial differences in their
methylmercury content (Table 5). Jensen et al. (1997) in the Canadian Arctic
Contaminants Assessment Report identified wide variability in the consumption
of fish and marine mammals by various aboriginal groups.

Table 5. Estimated Daily Intake of Mercury Using Contaminant Data Base and Dietary
Information from Dene and Inuit Communities in Canada (adapted from Chan, 1998).

Dene Community Inuit Community
Food Group Food Mercury Food Mercury
(g/day) (ng/day) (g/day) (ng/day)
Marine Mammal Meat 0 0 199 170
Marine Mammal 0 0 30 2
Blubber
Terrestrial Mammal 205 6 147 4
Meat
Terrestrial Mammal 23 20 1 1
Organs
Fish 80 13 1 1
Birds 8 1 2 1
Plants 2 0 2 0
Total 318 40 423 185

Quantity of Fish, Shellfish and Marine Mammals Consumed Dietary intakes
of fish and shellfish are enormously variable across countries in the Americas
ranging from no intake to several hundred grams per day.

Consumption of marine mammals appears limited to indigenous peoples
living in circumpolar regions. Even within the population of one country, fish
and shellfish consumption vary substantially. In the United States less than 15%
of the population consumes fish or shellfish on a weekly basis, yet a few percent
of people consume fish several times a week. In the Amazon region whose
riverine population’s mercury exposure has been documented, the fish
consumption of the urban areas has also been found to be substantial. Giugliano
et al. (1978 - cited in Boischio and Henshel, 2000) estimated daily fish
consumption per capita to be approximately 100 to 150 grams of fish among an
urban population based on 1200 households in Manaus, Amazonas. However,
the species of fish consumed differed from those of the riverine peoples.

An analysis of the patterns of fish species consumed (herbivores, omnivores,
phanktophagus, piscivore) and the mercury concentration of these species has
been used to predict mercury exposure for the Madeira River people by Boischio
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Table 6. Hair and Blood Mercury Concentrations in Southern Canadians.

Group

Reference

Findings

During 1993 to 1995 10
hospitals in southern Quebec
monitored umbilical cord
blood samples from 1109
newborns.

Rhainds et al., 1999

Mean mercury in cord blood 4.82 nmoV/L.
(CI 4.56-5.08) or 0.96 ug/L. Using a
cord:maternal ratio of 1.7:1.0 and
converting to pg/L this corresponds to a
maternal mercury concentration of 0.56.

Montreal area sports fishers
with fish consumption of 18.3
kg/yr of sports fish wvs.
reference group consuming
3.3 kg/yr of sports fish.

Kosatsky et al., 1999a

Hair mercury median concentration of
0.73 pg/g for sports fishers (n=25).
Highest value, 4.4 ppm. Vs. 0.23 pg/g
(n=15). Highest value 0.82 pg/g.

St. Lawrence River fish
consumers of Asian origin
(Bangladeshi and
Vietnamese) and a reference
group of high-level sports fish
consumers.

Kosatsky et al., 1999b

Hair mercury concentrations for
Vietnamese males (n=9). Median 1.23
ng/g, 90" percentile 4.62 pg/g, and
Bangladeshi males, median 1.07 pg/g, 90%
percentile 2.29 pg/g, and high-end sports
fish consumers, median 0.73 pg/g, 90°
percentile 1.88 pg/s.

St. Lawrence River sportsfish
consumers comparison
between those who ate sports
fish at least once a week and
those eating sports fish less
than once weekly.

Kosatsky et al., 2000

Persons consuming sports fish at least
once a week (n=60). Hair mercury
geometric mean, 0.82+2.54 pg/g and
blood mercury geometric mean of 3.03
+2.43 ug/L. Consuming sportsfish <
once/week (n=72) hair mercury geometric
mean 0.38+2.38 pug/g and blood Hg of
1.4422.23 pg/L.

Persons consuming sports fish 2 or more
times/week

Population in Southwest
Quebec living near the Upper
St. Lawrence River System..

Mahaffey and
Mergler, 1998

Increased consumption of lake fish
associated with higher blood mercury
among 289 residents. Total blood Hg <5
ug/L except for one individual with a
blood Hg of 70 pg/L.

Pregnant women living along
the St. Lawrence River. 1
trimester  of  pregnancy.
Market fish were the source of
mercury exposure.

Morrissette et al.,
2004,

First trimester of pregnancy (n=39). Total
blood Hg. Geometric mean (GM): 0.85
ug/L. Arithmetic mean (AM)=0.99 pg/L.
5% 95 0.40-2.20 pg/l..

Organic blood Hg.

GM: (.36 pg/L.

AM: 0.48 pg/L

59.95% nd. - 1.20 pg/L

Inorganic blood Hg

GM: 0.45 pg/L

AM: 0.51 pg/L

5%-95™nd, - 1.80
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Among the fish species described mean mercury concentrations ranged from
0.06 ppm to 1.44 ppm. In most of the Amazonian studies, piscivorous fish
species have mercury concentrations > 0.5 ppm (Lodenius and Malm, 1998).

Other estimates of fish intake in Amazonia provided by Boischio and Hensel
(2000) ranged between 90 grams/day and 370 grams/day. In view of the wide
range in quantities of fish consumed and differences in the mercury
concentration in the fish, it is more informative to consider the data on hair and
blood mercury concentrations reported from Amazonian communities.

Cosmetics

Use of “beauty” and skin-lightening creams or lotions have been reported
worldwide [e.g., Sin and Tsang (2003) from Hong Kong; Al-Saleh et al. (2003)
from Saudi Arabia; Adebajo 2002 from Nigeria]. These include various
“beauty” lotions containing inorganic mercury which are also found in the
Americas. One product has been well described and found to contain between
6% and 10% mercury by weight (Balluz et al., 1997), was distributed across the
Mexican-US border, and was associated with an increase in urinary excretion
(Weldon et al., 2000) of inorganic mercury to levels > 100 pg/L (reference
range: 0 to 20 pg/L) among users of this product which contained “calomel” or
mercurous chloride [Hg,Cl,] (CDC, 1996). These products are commonly
available. For example the Mexican Secretary of Health seized 35,000 containers
of this product in one state in Mexico (CDC, 1996).

In the United States mercury compounds can only be used as preservatives in
eye-area cosmetics at concentrations not exceeding 65 ppm mercury (CDC
1996). Balluz et al. (1997) point out that standards for production and regulation
of cosmetic products vary worldwide. Ingredients that are restricted in one
country may be entirely legal in another.

Dental Amalgams

An alloy of silver, copper, tin and 50% inorganic mercury has been used in
dental practices as a restorative material to fill teeth. Mercury released from
these amalgam fillings occurs in multiple forms: elemental mercury vapor,
metallic ions, and/or fine particles. Results indicate that placement of mercury-
containing amalgams in teeth result in an increased body burden of mercury in
body tissues (US DHHA, 1993; Henderson, 1995; Weiner and Nylander, 1993).
Barregard et al. (1995) and Francis et al., (1982) indicate that individual
variation in habits can influence the amount of mercury released from mercury
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amalgams including bruxism and gum chewing.

The controversy regarding whether or not mercury from silver-mercury
amalgams produces adverse health effects has been a topic for more than 150
years and has been the subject of a substantial literature including more than 110
review articles based on a search of Pub Med. Among many others see Ekstrand
et al. (1998), Dunne et al. (1997), Eley (1997a and b), and Jones et al. (1999).
Currently a clinical trial is underway (Children’s Amalgam Trial Study Group,
2003) to investigate the effect of amalgam restorations on change in IQ scores
and other neuropsychological assessments and renal functioning.

There is a consensus, however, that dental workers need to be protected from
exposure to mercury vapors in dental clinics (Chang et al., 1992). Dental
associations have provided practice information to provide guidance to dentists
and their staff members for safe handling of mercury and dental amalgam (ADA
Council on Scientific Affairs, 2003). Guidance is also provided to reduce release
of mercury from dental offices into the environment.

Drugs, Biologicals and Folk Remedies

Drugs and Biologicals

Ethylmercury under the trade name thimerosal has been used as a
preservative in vaccines since the 1930s (Midthun, 2004) and biological
products (ophthalmic solutions, optic suspension, creams) for at least a century.
Many vaccines contained a preservative because they were marketed for use in
multi-dose vials. Mercury exposures via this route of administration differ
because these are administered by injection resulting in a high, bolus dose
producing a high blood mercury concentration. Beginning in the mid-1990s in
the United States there has been an intense controversy regarding the
neurodevelopmental effects of greater exposure to ethylmercury in vaccines as
part of an accelerated immunization schedule for infants. This controversy
continues. The most recent health assessment was reported from the United
States National Academy of Sciences’ Institute of Medicine (NAS, 2004). A
neurodevelopmental follow-up study is underway in Italy with resulted expected
in 2006 (Wharton, 2004).

Thimerosal has been removed from a large number of vaccines (CDC, 1999).
It should be noted, however, that mercury continues to be used in biologicals
sold in the United States and quite likely also in other countries in the Americas.
Mercury containing ingredients currently used in biologics in the United States
include thimerosal, phenylmercuric acetate, phenylmercuric nitrate, mercuric
acetate, mercuric nitrate, merbromin, and mercuric oxide (http://www.fda.gov/
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cder/ fdama/mercury300.htm). This information was derived from submissions
made in response to the Food and Drug Administration Modernization Act of
1997 which required US FDA to review the risks of all mercury-containing food
and drugs. These products include vaccines, ophthalmic solutions, nasal sprays,
and immune globulins.

Sanitizers and Antifungals

Phenylmercury compounds are part of a broad class of aryl and alkoxyl aryl
mercurials that have been used world wide as disinfectants and fungicides
(Gotelli et al., 1985). A massive exposure to infants was discovered in Buenos
Aires in 1980 following use of phenylmercury by a commercial diaper service.
Urinary mercury concentrations for the exposed infants were 20-times higher
than the control infants and inorganic mercury accounted for more than 90 % of
the total mercury (Gotelli et al., 1985). Zaidi et al, (1995) reported mercury
compounds included as disinfectants in hospitals in the state of Yucatan ,
Mexico. Use of phenylmercuric borate (0.04%) along with hexachlorophene as
a hand disinfectant in soap resulted in increased urinary mercury compared with
control subjects. It was concluded that the absorption of mercury from the
phenylmercuric borate-containing soap occurred partly by transfer from the
hands to the oral cavity (Peters-Haefeli et al., 1976).

Organo-mercurial Pesticides

Although these are banned from commerce, use of mercury compounds in
farming may continue (Camara and Corey, 1994). For example, the Ministry of
Agriculture/Plant Health Protection banned the use of all mercury-containing
compounds in Brazil in 1980, however, the importance has been emphasized for
continuance of programs for surveillance, particularly for problems arising as a
result of accidents or from the importation, production, sale, and uses of
officially banned products (Camara and Corey, 1994).

Miscellaneous sources of inorganic mercury

Ingestion of small quantities of elemental mercury is commonly reported to
poison control centers. For example, nearly 3,000 cases of mercury exposure
were reported to the American Association of Poison Control Centers Toxic
Exposure Surveillance System in 1996 (Litovitz et al., 1996). However,
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elemental mercury may be deliberately ingested. Elemental mercury is part of
various folk remedies, particularly for gastroenteritis (Geffner and Sandler,
1980), and may produce medial complications depending on the quantity
ingested (McKinney, 1999).

In the Americas ethnic and folk uses of mercury are associated with cultural
practices known as “Santeria,” “Espiritismo” and “voodoo.” Santeria, for
example, is a religion that developed in Cuba from the sixteenth to the
nineteenth century as a syncretism of African religions, Roman Catholicism, and
French spiritism (Lefever, 1996). It’s practice and beliefs have been transferred
to many communities in the Americas including the United States. Espisitismo is
a spiritual belief system indigenous to Puerto Rico and other Caribbean islands
(Bird and Canino, 1981). Mercury in the form of metallic mercury (Forman et
al., 2000) is sold in botanicas, stores that specialize in selling religious items
used in Espiritismo, voodoo, and Santeria (Zagas and Ozuah, 1996). Mercury is
used in several ways: carried in sealed pouches, sprinkled in the home, carried in
pockets, sprinkled in the car, or consumed in small quantities (Zayas and Ozuah,
1996). A cluster of cases in New York has been described in which vapors of
metallic mercury from mercury to be used in mercury -filled ampulets prepared
for practioners of Santeria were the source of elevated urinary mercury levels
(US EPA, 2002; Forman et al., 2000). The extent of this practice is not known.
In the United States analyses for inorganic mercury is now being included in
housing surveys in addition to inorganic lead used to identify lead-based paints.

Spills of inorganic mercury occur in homes from accidents, measuring
devices in homes (e.g., gas meters), and deliberate contamination. The actual
number is unknown. An analysis of the number that were reported to hazardous
substance authorities was provided by the Agency for Hazardous Substances and
Disease Registry (ATSDR) in 2002 (Zeitz et al., 2002). Reporting on 406 events
that occurred between 1993 and 1998 in which mercury was the only substance
released, there were reports of adverse health effects and elevated blood mercury
levels in some individuals. Evacuations were ordered in 22% of the spills
causing an economic and public health impact.

Occupational

Mining

In the Americas Artisanal gold mining typically encompasses small, medium,
informal, legal, and illegal miners who use rudimentary processes to extract gold
ore (Veiga, 2004). The number of Artisanal gold miners in Latin America is
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estimated to be between ~ 500,000 and just over 1 million who mine between
115 and 188 tonnes of gold annually Table 7 (Veiga, 1997).

Although use of mercury in mineral processing is illegal in most countries,
mercury amalgamation is the preferred method employed by small Artisanal
miners (Veiga, 2004). Mining operations expose miners directly to mercury
vapor from burning of mercury amalgam or gold burning to separate gold from
mercury. Secondary exposures to methylmercury from consumption of locally
obtained fish contaminated with methylmercury incorporated from mercury
discharged into the environment effects miners and the entire community.
Consequently the number of people impacted by the mining operations exceeds
the number directly involved in mining.

Table 7. Artisanal Gold Miners in Latin America from Veiga (1997).

Country Gold (tonnes) Number of Miners
Brazil 30-50 200,000 - 400,000
Colombia 20-30 100,000 - 200,000
Peru 20-30 100,000 - 200,000
Ecuador 10-20 50,000 - 80,000
Venezuela 10-15 30,000 - 40,000
Suriname 5-10 15,000 - 30,000
Bolivia 5-7 10,000 - 20,000
Mexico 4-5 10,000 - 15,000
Chile 3-5 6,000 - 10,000
French Guyana 2-4 5,000 - 10,000
Guyana 3-4 6,000 - 10,000
Nicaragua 1-2 3,000 - 6,000
Dominican Republic 0.5-1 2,000 - 3,000
Others 2-5 6,000 - 15,000
Total 115.5-188 543,000 - 1,039,000

Inorganic mercury is not strongly absorbed through the skin and is minimally
absorbed from the gastrointestinal tract. The exposure danger is through
inhalation of mercury vapor as the gold-mercury amalgam is retorted or simply
burnt openly in pans. Specifics on the methods of retorting and reducing
exposures are covered by Veiga (2004).

The gold doré that results when the amalgam is retorted rather than burnt is
sold in villages to gold shops that melt the gold doré to rid it of its impurities.
This doré contains mercury impurities that are then released into gold shops and
distribute mercury vapors into the urban atmosphere (Veiga, 2004).
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Chloralkali Factories

The chlor-alkali electrolysis process produces chlorine, hydrogen and sodium
hydroxide (caustic) solution. In some countries chlorine is the product of
commercial importance and is used as a bleaching agent for the textile and paper
industries and for general cleaning and disinfection. Since the 1950s, chlorine
has become an increasingly important raw material for synthetic organic
chemistry and is an essential component of a multitude of end products. Plants
utilize either the diaphragm cell process or mercury cell process. The
environmental concern with these plants is release of mercury emissions from
the plants, so called “fugitive sources” (Lecloux, 2003; Wangberg et al., 2003;
http://www.epa.gov/ttn/oarpg/) and in particular identification of the atmospheric
mercury species/fractions measured in the plume from the chlor-alkali plant
emissions.

Smith et al. (1970) conducted an extensive assessment of 642 workers in 21
chloralkali plants in the United States and Canada. Time weighted average
exposures to mercury ranged from near zero to 270 pg/m’ with 85% of the group
<100 pg/m’ . When exposures exceeded 100 pg/m’ symptoms included loss of
appetite and weight, tremors, insomnia, and other indicators of early effects on
the nervous system. Even among controls urinary mercury concentrations were
much higher than general population values reported in current values
(i.e.,United States, non-occupational, post 2000). Approximately 65% of the
control group had urinary mercury concentrations > 10 pg/L. Worker values
exceeded 1,000 pg/L for 7% to 8% of subjects.

Reports from other countries indicate neurological and renal effects of
exposure to inorganic mercury and mercury vapor. Specifically cerebral effects
of long-term exposures to mercury vapor (Pikivi and Tolonen, 1989) are shown
by abnormalities in electroencephalography. Increased urinary excretion of renal
enzymes has been found in chlor-alkali workers exposed to inorganic mercury
compared with age-matched controls when urinary mercury values averaged 35
ng/g creatinine (Barregard et al., 1988). Albers et al. (1982) have described
plyneuropathy among chlor-alkali plant workers chronically exposed to
inorganic mercury vapor. They concluded that elemental mercury exposure was
associated with a sensorimotor polyneuropathy of the axonal type and that the
degree of neurologic impairment appeared related to the magnitude of mercury
exposure.

A number of chlor-alkali factories have been closed. For example, in the
United States a 1992 report indicated 52 chlor-alkali plants in operation in 23
states (US EPA, 1992).

In the announcement of the final rule to reduce toxic air pollutants from
mercury cell chlor-alkali plants, there were nine facilities located in eight states (
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http://www.epa.gov/ttn/oarpg/t13/fact_sheets/mccap_fs.pdf). However, closed
chlor-alkali plants can continue to release inorganic mercury into the
environment over time. An environmental assessment in the Upper Negro River
valley area in Argentina in the vicinity of a closed chlor-alkali plant (Arribére et
al., 2003) indicated, however, that because the drainage areas near the plant had
not become permanently flooded biomagnitication of mercury in the food chain
was not occurring.

Other Industries

Industries in which occupational exposure to mercury may occur include
chemical and drug synthesis, hospitals, laboratories, instrument manufacture,
and battery manufacture (USA, National Institute for Occupational Safety and
Health, 1977). Jobs and processes involving mercury exposure include
manufacture of measuring instruments (barometers, thermometers, etc.), mercury
arc lamps, mercury switches, fluorescent lamps, mercury boilers, mirrors,
electric rectifiers, paints, explosives, photographs, disinfectants, and fur
processing. Occupational mercury exposure can also result from the synthesis
and use of metallic mercury, mercury salts, mercury catalysts (in making
urethane and epoxy resins) mercury fulminate, Millon’s reagent,
pharmaceuticals, and antimicrobial agents [USA (Occupational Safety and
Health Administration (OSHA, 1989)]. Within the USA Campbell et al. 1992
reported that about 70,000 workers are annually exposed to mercury. Inorganic
mercury accounts for nearly all occupational exposures with airborne elemental
mercury vapor the main pathway of concern in most industries, in particular
those with the greatest number of mercury exposures.

SUMMARY

Mercury exposures in the Americas are highly varied ranging from
analytically non-detectable to very high levels producing clinical poisoning.
Methylmercury is the dominant chemical form of mercury for people who
consume fish and shellfish. Who within the population consumes a high
percentage of their dietary protein from fish/shellfish differs with social,
economic, cultural and geographic conditions. The highest exposures to
methylmercury in the Americas have been found among affluent, urban dwellers
who consumed fish in pursuit of health (Hightower and Moore, 2003), among
remote villagers in the Amazon who have an environment in which the fish are
seriously contaminated with mercury (Dolbec et al., 2001), and among Inuit
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villagers who consume marine mammals (Chan, 1998; van Oostdam et al., 1999)
as part of their cultural traditions.

Among the general population of countries ranging from Canada to the USA
to Chile exposure to methylmercury depends on both the quantity and species of
fish consumed. General population survey data are available only for the United
States and these data indicate that for the overall general population, 9% of
women of childbearing age consume fish weekly (Mahaffey et al., 2004). Within
the general population, approximately 3% of women consume fish daily. Groups
at greater than average risk of methylmercury exposure from routine
consumption of fish are persons of Asian or island ethnicity, coastal and/or
island populations, individuals following “health” promoting diets, and some
indigenous tribal groups. Their higher methylmercury exposure results from the
greater overall quantities of fish consumed and/or the consumption of fish with
relatively high mercury concentrations.

Within regions such as the Amazon having wide-spread mercury
contamination secondary to release of inorganic mercury from mining
operations, elevated mercury exposures with hair mercury concentrations
frequently exceed 10 ppm hair mercury. In these regions choice of fish species to
minimize mercury intake has been shown (Dorea et al., 2003; Passos et al.,
2003) to be a possible means of reducing methylmercury exposures in a region
where fish is the main routinely available source of protein.

Non-occupational inorganic mercury exposures, for the portion of the
population who experience these, occur from mercury released from dental
amalgams. Occupational exposures to inorganic mercury include persons
working in dental professions, the chlor-alkali industry, and fluorescent bulb
production and recycling. Statistics on the number of workers employed in the
Americas in occupations that utilize mercury need to be summarized.

Far higher exposures to mercury vapor occur among artisanal miners, their
families, and in communities associated with gold mining and gold ore
processing. These exposures have been reported to be of a magnitude that
produces overt clinical toxicity within a few months to a few years. Because of
contamination of the surrounding ecosystems with mercury-laden waste from
these mining operations, vast geographic areas surrounding mining activities
have been grossly contaminated with mercury. Elevated mercury levels in the
food chain result. Because people engaged in mining also may consume fish in
their diets, a combined methylmercury and inorganic mercury pattern of
exposure has been documented in Latin American countries.

Against this substantial background of methylmercury and inorganic/mercury
vapor exposures, there are far less common exposures to organo-mercurials
including phenylmercury and ethylmercury. Such compounds are found in
“beauty” preparations, creams, topical preparations to treat skin conditions.
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These compounds have produced poisoning among the unwary.

Biomonitoring of mercury concentrations in blood, hair, and urine are used to
identify the magnitude and patterns of mercury exposure. Combined with
dietary, occupational, cultural, and socio-demographic data such information can
be used to identify sources of mercury exposure for individuals and populations.
Such information can provide governments, public health authorities, medical
organizations, physicians, and individuals with the links to stop or reduce
exposures to mercury and mercurial compounds.
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DISCLAIMER

The statements in this publication are the professional views and opinions
of the author and should not be interpreted to be the policies of the United
States Environmental Protection Agency.
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