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Maternal fish consumption brings both risks and benefits
to the fetus from the standpoint of methylmercury (MeHg)
and n-3 PUFA (polyunsaturated fatty acids). MeHg is

one of the most risky substances to come through fish
consumption, and mercury concentrations in red blood celis
(RBC-Hg) are the best biomarker of MeHg exposure.
Docosahexaenoic acid (DHA, C22:6n-3), which is one of
the most important fatty acids for normal brain development
and function, is also derived from fish consumption. Our
objective in this study was to examine the relationships
between RBC-Hg and plasma fatty acid composition in
mother and fetus at parturition. Venous blood samples were
collected from 63 pairs of mothers and fetuses (umbilical
cord blood) at delivery. In all cases, fetal RBC-Hg levels were
higher than maternal RBC-Hg levels. The geometric

mean of fetal RBC-Hg was 13.4 ng/g, which was significantly
{(p < 0.01) higher than that of maternal RBC-Hg (8.41
ng/g). While the average fetal/maternal RBC-Hg ratio was
1.6, the individual ratios varied from 1.08 to 2.19, sug-
gesting considerable individual differences in MeHg
concentrations between maternal and fetal circulations at
delivery. A significant correlation was observed between
maternal and fetal DHA concentrations (r = 0.37, p < 0.01).
Further, a significant correlation was ohserved between
RBC-Hg and plasma DHA in fetus {r = 0.35, p < 0.01). These
results confirm that both MeHg and DHA which ariginated
from fish consumption transferred from maternal to

fetal circulation and existed in the fetal circulation with a
positive correlation. Pregnant women in particular need
not give up eating fish to obtain such benefits. However, they
would do well to at least consume smalier fish, which
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contains less MeHg, thereby balancing the risks and
benefits from fish consumption.

Introduction

Methylmercury (MeHg) is a well-known and widespread
environmental neurotoxicant. In the natural course of events,
most human exposure to MeHg is through fish and sea
mammal consumption. Generally, the larger fish and sea
mammals at the top of the food chain, such as shark, tuna,
and whale, contain higher levels of MeHg than the smaller
ones. Fetuses are known to be a high-risk group for MeHg
exposure (I—3) since the susceptibility of the developing brain
itself is high (3—5) and higher MeHg accumulates in cord
blood than in maternal blood (6—10). Therefore, the effect
of MeHg exposure on pregnant women remains animportant
issue for elucidation, especially in populations which con-
sume much fish and sea mammals (3, 11—14). Serum or
plasma is known as a good biomarker of elementary or
mercuric Hg exposure (15). On the other hand, mercury
concentration in red blood cells (RBC-Hg) is the best
biomarker of MeHg exposure (3, 16— 18). Additionally, more
than 90% of that in RBC is known to be in the methyl form
inhigh-fish-consuming populations (19). Further, hematocrit
(Htc) values are quite different between mother and fetus at
parturition (Table 1). Therefore, we used total Hg concentra-
tions not in whole blood but in RBCs to reveal the MeHg
levels in mothers and fetuses in the present study.

On the other hand, human intake of the n-3 longer chain
of polyunsaturated fatty acids (PUFAs), such as eicosapen-
taenoicacid (EPA, C20:5n-3) and docosahexaenoic acid (DHA,
C22:6n-3}, is also known to occur through marine products,
mainly from fish consumption. Both of these fatty acids are
very beneficial for human health (20, 21). Especially, DHA is
known to be an important n-3 PUFA for normal brain
development and function (22—25). Rapid brain growth
occurs primarily during the third trimester in humans (26,
27), and the amount of these fatty acids increases dramatically
during the period (25). This period corresponds to when the
human brain is most susceptible to MeHg (27), and also a
high accumulation of MeHg in the brain may occur during
the period ().

We conducted a study to determine the relationship be-
tween RBC-Hgand plasma fatty acid concentrations in fetus
to evaluate the risks and benefits of maternal fish consump-
tion by comparing 63 maternal —fetal pairs of blood samples.

faterials and Methods

Sixty-three healthy Japanese pregnant women, ranging in
age from 21 to 41 yr (average 29.6 + 4.4 yr), planning to
deliver in Munakata Suikokai General Hospital, Munakata
City, Fukuoka, Japan, gave informed cansent to take part in
the present trial. Blood samples were collected from the
mothers and umbilical cord. The samples included 13 mL of
venous umbilical cord blood at birth and 10 mL of venous
maternal blood 1 day after parturition before breakfast. Both
blood samples were obtained by venipuncture with a small
amount of heparin—Na and centrifuged at 3000 rpm for 10
min to separate into RBCs and plasma. Samples were stored
at —80 °C until analysis. This study was approved by the
Ethics Committee of the National Institute for Minamata
Disease (NIMD).

Total Hg in 0.5 g of RBC was determined by cold vapor
atomic absorption spectrophotometry (CVAAS) according
to the method of Akagi and Nishimura (29). The method
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TABLE 1. Subject Characteristics (n = 63) and Values,

Including Maternal and Fetal Mercury Concentrations in Red
Blood Cells and Hematocrit Yalues

mean
category {geomean) SD min max

maternal age (yr) 29.6 437 21 41
maternal RBC-Hg level  9.12 (8.41) 3.63 3.76 19.1

{(ng/g)
raternal Htc value 315 318 239 384
fetal RBC-Hg level 14.7 (13.4) 6.37 492 354

(ngig)
fetal Htc value 45.2 364 381 53.7
fetus/mother RBC-Hg 1.6 0.27 1.08 2.19

ratio

involves sample digestion with HNOs;, HCIO,, and H,SO4
followed by reduction to Hg? by SnCl,. The detection limit
was 0.1 ng/g. Accuracy was ensured by using certified
reference material (DORM-2, dogfish muscle prepared by
the National Research Council of Canada) as the quality
control material; the Hg concentration found averaged 4.53
ug/g, as compared to the assigned value of 4.64 4- 0.26 ug/g.
The total analytical precision of this analysis was estimated
to be 3.9%. Fatty acid composition analysis in plasma was
performed by SRL Inc. (Tokyo, Japan). Lipid was extracted
from the sample according to the method of Folch et al. (30),
and tricosanoic acid (C23:0) was added as an internal standard
and then hydrolyzed with 0.5 M HCl. Free fatty acids were
extracted with chloroform, and methylated with 0.4 M
potassium methoxide—methanol solution and 14 wt % boron
trifluoride—methanol. Fatty acid methyl esters were separated
by capillary gas chromatography (GC17A, Shimadzu Co,,
Japan) and identified by comparison with standards (Sigma
Chemical Co., Poole, U.K.). Fatty acid compositions were
expressed as concentration {ug/mL of plasma) and percent-
age by weight of total fatty acids.

Statistics. The differences in RBC-Hg concentrations
between paired samples were determined by paired t-tests.
The associations between RBC-Hg and plasma fatty acid
concentrations were studied by Pearson and Spearman
correlation analysis. Each fetal/mother ratio of fatty acid was
analyzed by a one-way analysis of variance (ANOVA) followed
by Dunnett’s multiple comparison test, Significant differences
were compared with the sum of the saturated and monoun-
saturated fatty acids assumed as a reference value. A pvalue
less than or equal to 0.05 was considered to demonstrate
statistical significance.

Results

Table 1 presents the subject characteristics and values,
including maternal and fetal mercury concentrations in red
blood cells and Htc values. The geometric mean of fetal RBC-
Hg at 13.4 ng/g was 1.6 times higher {p < 0.001) than that
of maternal RBC-Hg (8.41 ng/g). There was a considerable
difference in Htc values between maternal and fetal blood.
The mean fetal Htc value (45.2 4+ 3.6) was about 1.4 times
higher than the maternal level 31.5 & 3.2). In all 63 cases
fetal RBC-Hg levels were higher than maternal RBC-Hglevels.
A suong correlation was observed in RBC-Hg between
mothers and fetuses (r=0.92, p <0.001; Figure 1), the average
fetal/maternal RBC ratio was 1.6, and the individual ratios
varied from 1.08 to 2.19 (Figure 2).

All of the fatty acid concentrations were lower in the
fetuses’ plasma than in their mothers’ plasma (Table 2).
However, the fetal/maternal ratio varied with each fatty acid.
The ratio for the sum of saturated and monounsaturated
fatty acid concentrations was 0.27. The ratios of n-3 and n-6
fatty acid concentrations were compared with the value for
the sum of saturated and monounsaturated fatty acids
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FIGURE 1. Correlation between maternal and fetal mercury
concentrations in red blood cells in 63 maternal —fetal pairs. In all
63 cases fetal RBC-Hg levels were higher than maternal RBC-Hg
levels. A strong correlation was cbserved in RBC-Hg between
mothers and fetuses (r = 0.92, p < 0.001).
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FIGURE 2. Individual fetus/imother ratios of Hg conrcentrations in
red blood cells in 63 maternal —fetal pairs. The average fetal/matemnal
RBC ratio was 1.6, and the individual ratios varied from 1.08 to 2.19.

assumed as a reference value. The ratios for linoleic acid
(LN, C18:2n-6)) and linolenic acid (LnN, C18:3n-3) were
significantly (p < 0.01) lower than the value for the sum of
saturated and monounsaturated fatty acids. On the other
hand, those for arachidonic acid (AA, C20:4n-6), DHA, and
dihomo-y-linolenic acid (DGLA, C20:3n-6) were significantly
(p < 0.01) higher than the reference value. Further, there
were significant correlations in LN (r=0.31, p <0.05), DGLA
{r=034, p <0.01), AA (r=0.39, p < 0.01), EPA {r= 0.39,
p < 0.01), and DHA (r = 0.37, p < 0.01) concentrations
between maternal and fetal plasma (Table 2).

Maternal RBC-Hg concentrations showed significant
correlation coefficients with maternal plasma EPA (r=0.36,
p<0.01)and DHA (r=0.33, p < 0.05) concentrations {Table
3). Further, fetal RBC-Hg concentrations showed a significant
positive correlation with fetal plasma EPA (r=0.32, p < 0.05)
and DHA (r = 0.35, p < 0.01) (Table 3 and Figure 3).

Discussion

MeHg is one of the most risky substances to fetus brain, and
most of the human exposure to MeHg is through maternal
fish consumption. On the other hand, DHA, which is
important for the fetus brain and its growth, is derived also
from maternal fish consumption. If human exposure to MeHg
were independent of nutrition from fish, we would aim at
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TABLE 2. Comparison of Maternal and Plasma Fatty Acid Concentrations and Correlation Coefficient between Maternal and Fetal

Plasma Fatty Acid Concentrations in 63 Maternal—Fetal Pairs®
mother (n = 63)

fetus (n — 63)

fatty acid pglml %
saturated and monounsaturated 2361 (476) 61.6
linoleic (C18:2n-6) 1013 (177) 26.4
linolenic (C18:3n-3) 30 (9) 0.8
dihomo-y-linclenic (C20:31-6) 55(17) 1.4
arachidonic (C20:4n-6) 187 (45) 4.9
eicosapentaenoic (C20:5n-3) 35(19) 0.9
docosahexaenoic (C22:61-3) 149 (41) 3.9

cofrelation
pgiml % fetus/mother coeff

619 (156) 65.0 0.273 (0.08)

118 (34) 12.4 0.118 (0.03)? 0.31¢
1.1 (1.3) 0.1 0.070 (0.04) 0.23
33(9.2) 35 0.628 (0.20)? 0.345

115 (29) 12.0 0.637 (0.16)% 0.390
7.1 (3.7) 0.7 0.308 (0.13) 0.396
59 (16) 6.2 0.417 (0.12)® 0.376

a Saturated = palmitic (C16:0) and stearic (C18:0); monounsaturated = palmitoleic (C16:1n-7) and oleic (C18:11-9). Values are mean (SD).
Fetal/mother plasma fatty acid concentration ratio for n-3 and n-6 series against the sum of saturated and monounsaturated fatty acids as a
reference value. Data were analyzed by a one-way ANOVA followed by Dunnett’'s multiple comparison test. The associations between maternal
and fetal fatty acids were studied by correlation analysis. ® p < 0.01. ¢ p < 0.05.

TABLE 3. Correlation Coefficient between Mercur
Concentrations in Red Blood Cells and Fatty Acids in Both
Mothers and Fetuses?

maternal  fetal
mercury mercury

maternal  linoleic (C18:2n-6) —-0.09 -0.10
(rn=63) linolenic (C18:3n-3) 0.23 0.19
dihomo-y-linolenic (C20:3n1-6) —0.20 —0.01
arachidonic (C20:4n-6) -0.05 -0.14

eicosapentaenoic (C20:5n-3} 0.24 0.17
docosahexaenoic (C22:6n-3) 0.27¢ 0.21

fetal linoleic (C18:2n-6) —-0.06 —-0.04
(n=63) linolenic (C18:3n-3) 0.06 0.10
dihomo-y-linolenic (C20:3n-6) —-0.08 -0.08
arachidonic (C20:4n-6) -0.23 -0.20

eicosapentaenoic (C20:5n-3) 0.36%  0.32¢
docosahexaenoic (C22:6n-3) 0.332  0.350

2The associations between maternal and fetal fatty acids were
studied by correlation analysis. ® p < 0.01. ¢ p < 0.05.
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FIGURE 3. Comrelations between RBC-Hg concentrations and plasma
DHA concentrations in 63 fetuses.

zero exposure. However, the exposure is through fish, which
is an important source of protein especially for Japanese and
other Asian people. Fish also contain n-3 PUFA and other
nutrients (31). Therefore, this study was designed mainly to
determine the relationship between MeHg exposure and 11-3
PUFA concentrations in fetus to consider the risks and
benefits of maternal fish consumption during the gestation
period.

The RBC-Hg level in umbilical cord blood was about 1.6
times higher than those in the mothers, and there was a
significant correlation between them. This suggests that
MeHg actively transfers to the fetus across the placenta via
a neutral amino acid carrier, as demonstrated by previous
studies (9, 10). This higher Hg accumulation in the fetuses
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than in mothers is widely acknowledged from human and
animal studies (I—3, 8—10). However, the individual fetal/
maternal RBC-Hg ratio varied from 1.08 to 2.19, indicating
the individual differences in MeHg concentrations between
maternal and fetal circulations at late gestation. This will be
partly explained by the individual differences in MeHg
transfer from mother to fetus through the placenta. The
maternal MeHg level tends to be influenced by the latest
meal. On the other hand, blood/organ ratios of MeHg
concentration will be settled at parturition in fetal circulation.
The results suggest that not the maternal side biomarker but
the fetal side biomarker is much more advantageous to
evaluate the subtle effects of MeHg exposure on the fetus
during gestation.

DHA and AA are abundant in the brain (22— 25, 28), and
the DGLA concentration is higher than those of LN, EPA, and
LnN (22). During rapid brain growth, large amounts of DHA
and AA from maternal circulation must reach the fetus to
meet its needs for development (23, 25, 33). The rapid
quantitative accretion of both DHA and AA during the third
trimester of pregnancy was noticed in human brain (25, 28,
33). Breast milk also contains these fatty acids (22, 33). The
result of the high fetal/maternal ratio of DHA, AA, and DGLA
(Table 2) also may indicate that the fatty acids which are
important for the brain and its growth were selectively
transferred from maternal circulation to fetal circulation, as
was demonstrated in the previous study by Sakamoto and
Kubota (34).

There were significant correlations in the EPA (r= 0.39,
p<0.01) and DHA (r=0.37, p <0.01) concentrations between
maternal and fetal plasma (Table 2), indicating that EPA and
DHA in fetal circulation which originated from fish con-
sumption reflected the existence of these fatty acids in
maternal circulation. Maternal RBC-Hg concentrations had
significant correlation coefficients with both fetal plasma (r
=0.36, p < 0.01) and DHA (r=0.33, p < 0.01) levels; further,
fetal RBC-Hg concentrations had significant correlation
coefficients with both fetal plasma EPA (r = 0.32, p < 0.05)
and DHA (r= 0.35, p < 0.01) levels, indicating that both the
MeHg and these n-3 PUFAs existing in fetal circulation
showed a positive correlation (Table 3 and Figure 3). This s,
to our knowledge, the first report to indicate significant
correlation coefficients between the MeHg level and these
fatty acids originating from fish consumption. These two
results indicate that both MeHg and DHA, which act contrary
to the normal growth and function of the developing brain,
were taken into maternal circulation through maternal fish
consumption and transfer to fetal circulation, and that they
showed positive correlations. Therefore, if the ordinary fish
consumed are low inMeHgbutrichin DHA, children’s health
will especially benefit from fish consumption. However, if
the fish MeHg concentration is high enough to ruin the effect
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of DHA, fish consumption will retard children’s development.
Pregnant women in particular would do well to consume at
least smaller fish, thereby reducing the risk from large fish
but allowing them to continue to eat them to confer the
benefits. The different outcomes of the two main cohort
studies in the Faroe Islands (11) and Seychelles Islands (13)
regarding the effect of fetal MeHg exposure on children’s
development may be partly explained by the difference in
the amount of DHA. However, the average MeHg exposure
level was slightly higher in the Seychelles Islands than in the
Faroe Islands. The Seychelles study (13) concluded there was
no adverse effect from MeHg exposure through fish con-
sumption, whereas the Faroe Islands study (11) demonstrated
a negative developmental effect due to MeHg exposure. In
any event, DHA concentrations in the fetal biomarker should
be measured as a confounding factor to examine the subtle
effects of MeHg exposure from fish consumption.
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Methylmercury Exposure in the Tohoku Pregnant Women
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Abstract: Methylmercury (MeHg) is a potent neurotoxicant to the developing fetal brain.
Since the major source of MeHg is through fish intake, MeHg exposure is a great con-
cern in the fish-eating population. However, few recent data on exposure of the pregnant
women are available in Japan. The present study undertook a study of MeHg exposure
in the pregnant women in the Tohoku district in Japan to investigate the present status of
MeHg exposure and to identify predictors of elevated exposure. Pregnant women were
recruited through a large obstetrician clinic at each four cities. Hair sample was ana-
lyzed for total mercury. A questionnaire including fish-consumption frequency and hair
cosmetic treatment was also administered. The results showed that 2-3 % of the preg-
nant women had levels in a range of possible concern for adverse developmental effects
(> 8 ppm). We decided to initiate a cohort study to examine the effects of prenatal expo-
sure to MeHg on the neurobehavioral development in the children.

Key words: hair mercury, methylmercury, pregnant women

INTRODUCTION

Methylmercury (MeHg) is well known
neurotoxicant. One of the main target organs
1s the central nervous system for adults and
fetus. The developing brain is much more
vulnerable and sensitive to the effects of
MeHg. Actually, it was shown that prenatal
MeHg exposure causes the delay of devel-
opment of cognitive functions in Faroe Is-
lands (GRANDIJEAN, 1997). Therefore, the

Japanese Ministry of Health, Labour and

Welfare recommends pregnant women and
women who would be pregnant refrain from
consuming several kinds of fish species

RMZ-M&G 2004, 51

(MHLYV, 2003). However, little is known
about the actual exposure level of pregnant
women at present in Japan. The present study
was aimed at evaluating the exposure levels
to MeHg by analysis of hair collected from
pregnant women living in Tohoku, Japan,
where the main mercury source is expected
to be the consumption of fish and the related
products.

METHODS

From June 2002 to August 2002, healthy
pregnant women were recruited with-their
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informed consent at obstetrical wards of hos-
pitals at four cities in Tohoku, Japan. All cit-
ies face the Pacific Ocean, and two (city A
and city D) of four cities have a large fishery
port. The major products at these fishery
ports include tuna, swordfish, and bonito.
Hair samples and questionnaire data were
collected from approximately 100 pregnant
women at each city. The study protocol was
approved by the Medical Ethics Committee
of the Tohoku University Graduate School
of Medicine.

Hair samples were cut next to the scalp, in
the nape area, with stainless steel scissors.
Several types of questionnaire were admin-
istered after the delivery. To assess the fish-
intake status of the pregnant women, a food-
intake frequent questionnaire (FFQ) regard-
ing the consumption of fish and the related
products, and another questionnaire regard-
ing hair treatments including bleaching, per-
manent wave and coloring were adminis-
trated. Total mercury analysis was carried out

by cold vapor atomic absorption spectrom-
etry. Briefly, without washing the hair
samples, each sample was acid digested with
HNO,, HCIO, and H,S0, at 200 °C for
30 minutes. The resultant ionic mercury was
then reduced to mercury vapor by tin chlo-
ride to a flameless atomic absorption moni-
tor (HG-201, Sanso Co., Ltd., Tokyo). Ana-
lytical accuracy was ensured by analyzing
the Human Hair Reference Material NIES
CRM No. 13 from the National Institute of
Environmental Studies (Lot #650, Tsukuba).
In fish-eating populations, total mercury in
hair consists mostly of MeHg. Indeed, a few
samples were analyzed to know the exact
MeHg concentration by the method of Akact
AND NisHIMURA (1991). MeHg in hair first
extracted with hydrochloric acid and then
with benzene. The organic layer was sub-
jected to electron-capture detection gas chro-
matography (ECD-GC) at the National In-
stitute for Minamata Diseases. The concen-
tration of MeHg was confirmed to be more
than 95 % of the total mercury content.
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Figure 1. Distribution of hair total mercury content of pregnant women in the four cities in

Tohoku, Japan. N=94-100.
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RESULTS AND DISCUSSION

Total mercury levels in hair samples obtained
from pregnant women at four cities are shown
in Figure 1. Hair mercury content was
2.33£1.48 ppm (meantSD, N=94) for city A,
2.30£1.27 (N=100) for city B, 1.99+0.92

=99) for city C, and 3.7942.25 (N=100)
ppm for city D. Our results indicated that
mercury levels in hair samples differed among
the four cities surveyed, and mean mercury
levels was highest in city D. These regional
differences appeared to reflect differences in
the amount of fish and shellfish consumption.

The U.S. Environmiental Protection Agency
proposed a safe level (reference dose, RiD)
for MeHg intake at 0.1 pg/kg (body weight)/
day for pregnant women (US EPA, 1997,
2001). This dose seemed to correspond to the
hair mercury concentration of approximately
1 ppm. In the present study, we found that 92
% of pregnant women in Tohoku had levels
that exceeded this concentration. Based on the
findings of the cohort studies at Faroe, the
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lower confidence bounds of benchmark doses
(BMDLs) for maternal hair mercury concen-
tration were shown to be 6.1 ppm for the at-
tention measure and 9.1 ppm for the language
test (BupTz-JORGENSEN, 2000). These suggest
that some neurobehavioral adverse effects
were found in children when their matemal
hair mercury concentrations were higher than
8-10 ppm. Our results also showed that the
percentage of pregnant women who exceeded
these levels (> 8 ppm) was 2-3 %; this num-
ber was increased to be 6 % in city D. Addi-
tional study is strongly required to determine
the effects of these lower levels of MeHg ex-
posure in pregnant women in Japan. We,
therefore, recently initiated a birth cohort
study, the Tohoku Study of Infant Develop-
ment, in Japan (Naxai, 2004).
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Effects of Methylmercury Exposure on Human Reproduction
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Abstract: We examined relation between environmental methylmercury exposure via fish
consumption and human fecundity. Time to pregnancy (TTP), a measure of fecundity,
was investigated by self-administrated questionnaire from parturient women at two hos-
pitals in Sendai, Japan. Total mercury concentration in their hair was determined. So far
the result suggests that the subject with longer TTP had higher hair mercury level.

Key words: Mercury, Time to pregnancy, Fecundity

INTRODUCTION

Fish has been major protein source of Japa-
nese from ancient time and its healthiness
has recently been highlighted in many coun-
tries. It is important, however, to evaluate
the health risk posed by consuming fish be-
cause it is well known that fish can be a major
source of hazardous chemicals as well. Me-
thylmercury is one such chemical and con-
cern has been posed that its excess intake
via fish consumption in pregnant woman can
result in developmental deficit in the child.
Although reproductive effects of methylm-
ercury were indicated in the previous stud-
ies, they have been scarcely investigated in
human population to date. This paper exam-
ines possible relationship between environ-
mental methylmercury exposure via fish con-
sumption and human fecundity, a biological
ability to reproduce, in Japanese maternal
cohorts.

RMZ-M&G 2004, 51

BACKGROUND OF THE PRESENT STUDY
(ARAKAWA ET AL., 2003)

We examined time to pregnancy (TTP), time
taken by a couple to get pregnant after ces-
sation of contraception, as a measure to as-
sess human fecundity for use in environmen-
tal reproductive health survey. A delayed TTF
can be considered to reflect an injury in re-
productive processes (BAIRD ET AL., 1986).

Since TTP has never been measured in Ja-
pan, we carried out a preliminary study
aimed at establishing a Japanese version of
the TTP questionnaire and determining if
TTP could be reliably measured in Japan. We
prepared a self-administered questionnaire
that consisted of questions on TTP, sexual
life and dietary habits and it was tested on
92 pregnant women, gestational age 2-3 mo.,
in Tokyo.
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The result indicated that TTP could be reli-
ably measured in Japanese based on the find-
mgs that 1. high response rate, and 2. the dis-
tribution of the TTP reported by our subjects
was similar to that reported in previous stud-
ies in the USA and European countries and
3. the shape of the distribution seemed bio-
logically plausible. Moreover, we found a
statistical association between delayed TTP
and frequent fish eating habit in that study,
as well as that between TTP and smoking.
This result suggested the adverse effect of
chemicals on fecundity, and we intended to
extend the TTP study to larger population
with the study method involving not only
questionnaire on fish-eating frequency but
“also hair mercury ‘measurement.

MateriaLs AN METHODS

We employed self-administered question-
naire that had been developed in our prelimi-
nary study. The subjects, who had a baby

born in two different hospitals in Sendai,
Japan, were asked to fill the questionnaire
on 3 days postpartum at the hospitals during
the period of January 2002 to March 2004.
Hair samples were obtained from the sub-
jects on 2 days postpartum. We used total
hair mercury level as an indicator of meth-
ylmercury intake (Suzuki Et AL., 1993). To-
tal mercury concentration in the hair samples
was determined by cold vapor atomic absorp-
tion spectrometry (AKAGI AND NISHIMURA,
1991). Certified reference material from
NIES was concurrently analyzed for quality
assurance of hair mercury analysis.

The subjects were classified into two groups
according to TTP: Group 1 (TTP <6 months)
and Group 2 (TTP > 6 months). Biological
attributes and life style parameters (dietary
habits, smoking, drinking, intake of caffeine
etc) of both female subject and her partner
were compared between the two groups by
chi-square test and U-test. Binominal logis-
tic regression analysis was also employed.

MNumber

1 15

20

Time to pregnancy {manths)

Figure 1. Histogram of time to pregnancy.
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REesurrs aANp DIsCUSSION

Of the 154 women approached, 106
(68.8 %) could report TTP. We excluded sub-
jects who had infertility treatment from data
analysis (10 women) because their TTP may
not present intact fecundity.

Figure 1 shows the TTP distribution of the
present subjects, which was similar to those
reported so far (e. g., CURTIS ET AL., 1999).

Of all of the variables tested for the associa-
tion with TTP, frequency of fish consump-
tion by female subject was the only variable
with significance: there were statistically sig-
- nificantly more frequent fish eaters in Group
2 than in Group 1 (p=0.02, chi-square test).

So far we have obtained hair mercury con-
centration for only 48 subjects and we car-

341

ried out a tentative analysis on this himited
data set. As shown in Figure 2, hair mercury
level in Group 2, 2.9 mg/kg, was statistically
higher than that of Group 1, 2.2 mg/kg
(p<0.05, U-test). Although the data analysis
so far suggests that fish consumption is asso-
ciated with human fecundity, as has been re-
flected in the association between high mer-
cury exposure level and delayed TTP, it does
not necessarily mean that mercury is the caus-
ative agent to impair human fecundity. It is
well recognized that fish consumption is as-
sociated with elevated intake of a variety of
chemicals such as dioxins and PCBs as well
as mercury. We have to specify which agent
is involved in the impaired fecundity.

Total number of subjects of this study co-
hort 1s 298 and we will analyze total data set
with logistic regression analysis including
hair mercury level as independent variable.

Hair mercury level {mgfkg)

Group 1

Group 2

Group

Figure 2. TTP of Group and hair mercury level.
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-

W TBPEREBL - THREB L7z #N0KEB%
Hge L, ARRRORYEHE Y@L TARANEOEAT
LWk BRESN, FORFAETLEICL-THE
EPBEZEINRLOTH 7%,

457 TRIEDEHEERLRY, HEDREAERLE
ClebIZAF AR TSNS Er B
RTLFE 2722 L0t 5T, AFVKEFEIFAE
L7z BAEAREKEROBER » Ll s T4 L
EEbNILTWAY,

AF VSR EE 2 O B EICH S A, I A
BAP A sl L C P RICB AT 5o BRI
U R R R AR O IR E D H AREF TEA TS
EHE RO E (58] 2B 2L, #0720
T4 OWFIERDPFEET HEEZ LN TS (IO
I igEr [BRFUBEL £E59) RAKLBITA
ARy 72 AT VKR EFEL, MEESE, EB%KHA,
KB e 2 3 F 8- 9 5 Hunter-Russell FEfE
BEHEINLY, KEKRTIE, TNEDOEEERD
A SRR A MBHERDSFRO b, BEEOEWVC
LHEROERL D B, P2 1L, hEOMIPRLEE
OEITHE, TUHECRE - EP O ERBEO#SREL & D
%9 MERENED LD,

TR SRS A FVKERICIEE S NS &, HE
BOROEE - BBICHEN R &K ERTH
LI o7y AT VAGRIZ LB FE 2 ) T
%<, SHICIRBEMbYERLTRE - $Eogt
DIEROPIRMERIAER T 225, F0EBITHRA
DEFENELEPICEEIC R D, BRICIEES 207
EREZETHIEIEICHOLWREET, BICIEEE
ERT &R LRREARERIREELL, £
DHBII WL OHEZLNLDS, BIBLOBRE ITH
Mo E (Ml H#oF TCRBTA2Z L5
A5, TSR O BB TR A IS
o TEE LBIRBEABET LI L2 ERLT
Wh) IREL, PIRMERAROBEZOL DI
252528 —D2THAH Y, BIREAKIRE

*xz—-1 KBRLEOLEY
" &EKR (metalic mercury)
(BARDRER, AERZER) Hg®

(elemental mercury, mercury vapor)

FREAERIL A

(inorganic mercury compounds)

1 fifi mercurous mercury; Hg*
2 fli mercuric mercury ; Hg'"

HHARGILAEY

(organic mercury compounds)

7V kR alkyl mercury
7 = = k8 phenyl mercury

i
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i) T, HMEBOREEF HZEIEVHLAEREY,
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WA —KERNDBRE
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KABTRD &) N ER AL T 7 O A5 VIKEPFN
i, BIETCHBEDT LR ->TLTE o705, H#HED
W CIEARITREE SN TWD AL PRI, 57
DTz v, F1UE, KEFT CIERELRPSE
HEIED D T CRRERKBSEARRICHEREL,
FIMAEDOIER TAFVKBRERT H0HTH
H (- 1) &R ENAAF VKRBT, SHITK
mOEYETEYEM E EWERICL > T, ADE
RAHKHBOREHELEEFEEMILEIZERT 5,
L7zSoT, INOLOBEANEEYLZETHANEAF
WVKBBBEEOIRESVEEZ LN TV, &8, 1L
HBREOBEL, REE~OKEOBER 2 EHH T
BLEZONTBY, 20OWE2ZETLHVLELD
590

T, BIRDA T 7 OAF VAKBHOFAELE R
L5 2 7FMET, WHOYZ [HRb o B#H O £5
AEREAS 10-20 ppm THRIBIC R SHED Y 2 708
5%THha] L Lz, LL, 4527 DFEHITIHE
FEL SVAHEDOEBEKERE L S OB L 0RO
RT =Dl o o0 T, BEEPRKEERED

WEZIT) LTS BBEARONTWEVnEE R
LILTWwh, #O—FT, it BEEEFTAT
VIKEREFEEORFEDER, 10-20 ppm = 2 2 5
ANADFEEITRENT, 2T, EBICIRILHERE
DEENELNAD, AEVTONDE LIkt
(R THRIR) o

EZAT, HERHOEEZPRBEIEEICR
TWEDMN T FOEBIIKRD LN IZEZLENL, F
T, AT KBRS FTF L OBELEZ P A
INPT L, Vo LABRIMYAING LEOR
OBE L VWEEZLNLELLTHE, 5T 5
b, BEOEZBIIEVEZARBEEOBRZELYRT
TR DH, FNIAT TR CEABNLERIIR
DI TE D BEDOREZRT IO b, £
DFEE, FBEEw L7 Ay PRI > TENFROE
BONRBIEERRET L, BEOBEGN b2
b B L, DERI] cm BEMHMU DL &
HE, 20em bHNT1ED FEEOEREDHITIF
BECBRET THHEETE A L IIR Y, RN
BERAFICHN=FETH L, Lo THERIZH
B LUTHRIBHOBESHEEIL RS OT, BEAH
B O L) BRETITE L T b,

FEBITE, M REERE & BE R RFIRBED I
DEH), BHEREOMEAZERLREE, /N—~v 4V
ML LD LT BEEZDER LOLE THRERED
BETFLTLE) TRt R &, #4 2 EBHERTD
Bo £ IT, MHIRT O RN R RO IBE IO F7
DL IERELRRFEORBEIC L LOER L H 57,
R = BEPA I O FREUL R8T B HE DL,

AADPBEINLIOEXAFIVKELZ T TIELR
WO R 7 v VA AN, BPETESEED

Hg' wteocoerme (CH3),Hg

ATMOSPHERE
0
WATER Hg

v/

T vy PP

R T

¥

3,§§,(CH3)2Hg dimethylmercury

" high 1l tow
pH |

pH

Hg*" weememe-gz- (CH3)Hg"  methylmercury

Heavy arrows: biomethylation processes

B—1 BREFTOREOEEE
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FECIRTIIE P ERECHE SN TS, £
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PEOET TV TE ERERNEET A EFAS
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FHAETED T VEEHEIIL O d o 72hY, BLER
T A HERETIRT 2 F BEREOF A T —
VB DBEINE I Il olz, X0 — Vi,
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KPOFHLEULCWEEZ LN, ELICHME
CEEDITARFLHY, FOD0IIT A AR
ETEF AT - VOFRZIY OO TH 5,

5. REMAFINKIBREOERDEZEICE TS
F— MK

JaRERBEFRRA S 7 ORBHBREONEER T
T, 1980 F2 L, NS ET L ALEH
T, JBIBEKBBREOEZB IOV TV DI DIEE
BIRFFELS e SN T &7z, FOMREFDS, 720 —54
B 8 1/ & BF % (Faroe Islands Prospective Study:
FIPS) & & 4 ¥ = W/ B3 Z AT 32 (Seychelles
Child Development Study: SCDS) @ — 2 T & 5%
(B~ 2)0 TOTDODRMEIIDWTIE, KEFEDF
BTHELIBNMLTWEY, HREMAOHEE, BE
2, BLUROWEITEIFIMEL T L LTEEL

=

Faroe Islands
aroe Islan ﬁg A

TWAHLFE)ATHEBERRLL TwAEEZ NS
KOBD LT, AFNKBORBOHEE 15 LR
%o IERFBLN TS, CTOBERE L THRR
BEG, WREETORRHTROE:, FHO%E
W, BEEEOMMZENENEZ SN TV A,
B R A BT R,

ZoMh, hFY, ma—-Y—F Y F, w74
FHE, TV UIRETORESE N OrDHAE
Wb oA, WEEI A= P ThE LTI BHRTH,
REDL A EROZODMEDEREIREVEE
Zbhz,

6. HHUIC I AROHIEE X 5 EE

EHEDOELEFEIE S 2003 4F 6 FICtifrsEs &
tev { oD BEOER OB AHIEOEEMRET -
720 ZDDIEERIEEHEOVEDD [F 25
A1 PENLG L o CEMPE 2L DFRESH o
720 WHESE T A BARIBRIIRAEOBIF/ZITT
2, TA)AERE, EEH, —a-V-5 0 FE
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HIRAESEL L DEIZEOEFLHHTHAH
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Environmental exposure to mercury and its consequences

on human health: the history and the present situation

Hiroshi Saron™, Tomoko Oxa*, Satomi Kameo* and Kunihiko Nagar*

(* Environmental Health Sciences, Tohoku University School of Medicine,
Sendai 980-8575, Japan)

Abstract

Mercury is only a metal that is a liquid in room temperature and its compounds

have been extensively used. Toxic effects are various depending on the chemical forms

and methylmercury is most toxic to the central nervous system of humans.

The fetal

toxicity by maternal exposure during gestation was shown in disasters of Minamata

Disease and methylmercury poisoning in Irag.

are more susceptible than adults.

Since then it is considered that fetuses

Mercury exists in the natural environment at low concentrations and is partly

methylated by microorganisms.

Generated methylmercury is accumulated in predatory

fish and sea mammals at the concentration that is of concern for the people who eat

large amount.

Developmental effects after fetal exposure are especially concerned.

Although fish consumption among young Japanese has been decreased, Japanese still

eat relatively large amount of fish and sea food. Therefore, it is needed to investigate

exposure level and possible effects

population.

of methylmercury exposure among Japanese
In this special series of reports, current issues on health effects of exposure

to mercury and its compounds are described for better understanding of the problems.

Key Words: Mercury, Methylmercury,

Biological
Developmental Effects, Health Effects
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AFVRENEET AEFBEREL, BEROKRRERRA 77O ATFVKEMIm L, £
OBEREW TR SNz TR— FIFFEICEDY) , AF VRO Y A Z iDL ) R T E

I BEBIIESTnhA, ) RAZEBR~DFE

T L Tid, BERNMEOR+Ho 3 248

LT, BT — Y OTICBERERE Z MR L TAREERED €3 ), #EorofkiE
AOKE W LIRS B ENT WD, LA LED S, AFILAREORERZEIZET 5
MEFBEF MR POFREOM THA SINLHT, FEBEFOEXIZOVWTENIZED
BN SNOPERICEDbILE, AL, AFVKROEEERE (RD) BLOY
EMHA A ERE (PTWD) OERGERICIHME S N AMELZIBIRL, 50D HE

DY A7EBROFEEEIRET %,

F—T7 R AFIKER, BEBINE (RD),

L. JELC®I

KEBRIGIRET (EPA) 13, X F KIS NT
OB\CEREER (R, MRPICBRET TR
) OERZEDPTHERECHIETAHNT, A
F VKB OEERNE (FHERL T ARIIEE
 BAT S vk S B E reference dose, RD) %
0.1pug/kg RE / H & 1995 EIZEDH 7Y, EPAIXZ O
RD OWEIE% %, KEFRFTH7 3 — (NAS) 7%
MEEROBIS A, 7 20— BRI & B
(Faroe Islands Prospective Study)? D &2 HET W
TiTol? UL, 7xU0—EEME XD 7
IR — b EH SN AT IV ORI EE
(BEFENHENGOLBRE) 317707~
SEHINZEELIZIZ-RL T2 b, &
EIBORMDIEI90B FICEE L BBELEFMUTH S,

—F, A=APFNT 2T =F 2 FERE
AR RE AL 2001 4E 1 BC [ bR gL
BRI RBZORFLZEEETH B D, Kl &b
EENTWANT, FHENRIMIISHEDOHRETH S
b OO BB = H600 g R TAHIENLEE L]
LT, FOBE IR TV ERRER (2002 £

Y B 75E ) RIE (PTWI)

5H), HE&mEMER (2002 4F5 F), RE&RE
ik (2003412 A) ThiTbh, b EHOEES
MES ZNEDOBAIERTAETF AT 2L
BEOM L RO OWEE O AERR % L& IR0
BT 7o (200346 A)%% O L) BERD %P,
2003 £ 6 A 2B 2 L7258 61 1] FAO/WHO & [H &
NI EMRZEES (JECFA) &, BEMNEHE
B % H # (provisional tolerable weekly intake,
PTWI) & L C19724F 28 72 3.3 glkg N E /A
%, L.oughkg RE/BICEFT L7 ZOJECFA D
SFETIE, EPADERIUREE & L TR L2EZE (U
%, BELET) KPFURE luggTh{, 4=
/N V8BS 3 B 98 (Seychelles Child Development
Study)”& 7 = U —FE BRI EFFF2 0 0 FH S
ExHRAL, ULH»DEPAERL LHRIEERE
(uncertainty factor, UF) %\ 7z,

BRI, AT WKEIO L PORBELT LD
BT S EHEERE (EPA @ RD B & UFJECFA
O PTWI) OEHEREZWHL, 4B AF VKR
B Z e T A RIS EE TR EFEIZ DOV THE
Th, T, ZOBBORTTHFBREDOHEEIZH
Vi b4 A NOAEL (no observed adverse effect

2004 4F 3 B 27 AR H

*  TKHRZEFI SRBESBEREREEDT, T 010-8543 FAHEKHTAGE 1-1-1
* % FULRFERFREFZAMZERRERERS, T 980-8575 BHEMENHFREXZRIT 2-1
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level, #EFME) B X Fbenchmark dose (BMD) @
BHEORET - AT, BLXUEA Yz v NREER
L& 7 2 1 —FEERIN S WL TR O MR HHE
L-BHASEICOWT L5,

2. BAEENEOHMFIE

WEORELEMED D VITREBNEL D LT
NI, BSES A miENEL, BEEN, BERE
B L OREIRE (endpoint) HIZEHET LI 05
EE D, RIT, BERIEE LUTZHVAEE LR
AL, WEHOP TR EY LA
HIRT B, TOBIRENI-MT— 5 L DERFIEE
PHEE L, AHEEREUF TRLCEEBHEE TS,

EPA I A F WK DOFEDII AT DT “possible
human carcinogen” &4 L TV A%, /INMERITO
BFRFRD 12 DR OBV EETH 5>, AFA
Bl T — S DPTAFVABIIRORSEOEVE
BZ L LG, JRIRMICBE LT - TR OMRESR
ERENPNAS FHEBSTRERINTVWS (R,
BE - LIERNOEBEIEZEETRELIATY
5)2, 2L GEET, EPARRDERIZYE 5
T Marsh 504 7 75 %A L, F L7z JECFA
A 2 o WNBRENTIE L 7 2 0 — R RTINS A
FEOME ALY, FERE, &N R 7 LA
(minimal risk level, MRL) # & H L7-KEAEY
H - ERESR (ATSDR) 3t A o = W/NBSERF
FEEFALEY, BEOMRLIE, ¥4 Y2 VDAL
PER L T A HOKHFEE (0.004 ~ 0.75 ppm)
PAREADFNIIENWS E2EHB L -BRTH5E,

15 ZHFE T, RIS A F VA TR S R
TNEP O N R BRI e b N
FHREOIMETERE (18 » BRDBITB L2 »
AROEEOEN), WMERE, HEREE, R
AT REESZAOMREEZEICL o TIRE SN
720, F7z, BEBRORBEOBEI X HEESHE
FEEtCeatrah, BE2REEBEE 1 ~674ugg T
BHole TNLOHFBLMOFT— & FAVTAF
WAKGRIETEIZ & % 8 — FUSBRITHRET S iz,

JECFA T &Nzt 1 ¥ = L/NREEM R &
7 W —FEETIN A5, NASBEHIZE B &0
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Y PEEOMRICKEREELRITL TS L HT
ENIOTHRILS Y,
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