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Abstract

Objective: Ta examine whether an FFQ can be used for assessing exposure to
methylmercury (MeHg) by estimating MeHg intake from seafood consumption
using the FFQ and confirming the accuracy of the estimated value,

Design: Seafood consumption of pregnant women was assessed using the FFQ.
Total mercury (T-Hg) concentrations of maternal red blood cells (RBC) and hair
were measured as exposure indices of MeHg.

Setting: A prospective birth cohott study, the Tohoku Study of Child Development
(TSCD), which has been ongoing since 2001,

Subjects: The subjects were 609 pregnant Japanese women who were enrolled in
the TSCD.

Results: MeHg intake was estimated from seafood consumption determined using
the FFQ and the MeHg concentrations in each type of seafood. The accuracy of
the estimated value was confirmed by comparison with T-Hg in RBC and hair.
Estimated MeHg intake was 42-3 pg/week, and 43-0% of that was from large
predatory fish. Compared with the Japanese tolerable weekly intake, in total
12:5% of the subjects exceeded it. T-Hg concentrations in RBC and hair were
significantly correlated with estimated MeHg intake: »= 0-325 (P<<0-0001) for
RBC and »=0-305 (P << (-0001) for hair.

Conclusions: Bstimated MeHg intake based on the FFQ was significantly asso-
ciated with T-Hg concentrations in RBC and hair. Although the estimated value
involves uncertainties, the FFQ appears to be a useful tool for assessment of
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exposure to MeHg.

Methylmercury (MeHg) is a well-known environmental
neurotoxicant. Since MeHg readily crosses the placenta,
fetuses are a high-risk group for MeHg exposure. A delay
of development of cognitive function in children caused
by prenatal MeHg exposure was shown in some epide-
miological studies™™, Therefore, there has been concern
about MeHg exposure during pregnancy. To minimize
the risks of adverse effects of MeHg, several thresholds of
safety have been proposed; e.g. a provisional tolerable
weekly intake PTWD™, a reference dose (RID)™ and 2
minimal risk level®, In Japan, the tolerable weekly intake
(TWI) for MeHg of 2-0 ug/kg body weight per week for
pregnant and potentially pregnant women was proposed
by the Japan Food Safety Commission”.

Assessment of exposure to MeHg usually has been
conducted using biomarkers such as blood and hair®. As
the source of MeHg exposure is mostly seafood because
of food chain transfer, it might be possible to conduct

*Corresponding autbor: Email sakurai@ehs.med.tohoku.ac.jp
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exposure assessment by estimating MeHg intake from
seafood consumption. If we can conduct such assessment
using a dietary sugvey, it will have the following merits.
There will be no need to collect biological samples. Rapid
assessment on the spot will be possible, because there
is no need for chemical analysis. It will also be possible
to conduct dietary guidance during pregnancy at the
same time.

It is known that the biological half-life of MeHg in man
is 70d®. Therefore, long-term dietary intake data are
needed to assess the chronic dietary exposure to MeHg
from seafood. There are highly accurate dietary survey
methods available such as duplicate meals and dietary
records, but it is difficult to continue a survey for a long
time by these methods. In this respect, the FFQ is one
reasonable survey method for assessing MeHg exposure
because it can obtain information about eating patterns
over a longer period with a simple questionnaire®'?,

© The Authors 2009
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The FFQ is commonly used in epidemiological studies in
different contexts, groups and populations(“‘m .

We have been performing a prospective birth cohort
study, the Tohoku Study of Child Development (TSCD),
since 2001 to examine the effects of perinatal exposure to
MeHg and persistent organic poliutants on child devel-
opment, in which an FFQ was used to assess the food
intake for pregnant women and maternal blood and hair
were collected to determine the level of exposure to
MeHg"®. In the present study, we estimated the MeHg
intake from seafood consumption based on the FFQ and
confirmed the accuracy of the estimated value by com-
parison with biomarkers to examine whether the FFQ can
be used for assessment of exposure to MeHg.

Methods

Study design
From January 2001 until September 2003, a total of 687
pregnant women who were in the 22nd to 28th week of
pregnancy were enrolled in the TSCD and eligible for
inclusion (i.e. no severe diseases such as thyroid dysfunc-
tion, hepatitis, immune deficiency, malignant tumours and
mental diseases; no in vitro fertilization; and Japanese as
their native language). The study was carried out with their
informed consent and approval of the Ethics Committee of
Tohoku University Graduate School of Medicine.
Information on characteristics of the subjects including
‘age, body weight and height before pregnancy, smoking
and alcohol consumption during pregnancy, and educa-
tion was collected by self-administered questionnaires at
enrolment or 4d after delivery. Blood samples were col-
lected at the 28th week of pregnancy using a vacuum-
systetn heparin tube. Collected peripheral blood (30 mb
was centrifuged within 4h for 20 min at 3000 rpm, and
then red blood cells (RBC), plasma and whole blood were
stored at —80°C. Hair samples were collected at 4d after
delivery. The hair was cut next to the scalp, in the occi-
pital area, with stainless steel scissors. The hair samples
were placed in a plastic bag and kept in a desiccator. The
FFQ was conducted 4d after delivery.

Estimation of metbylmercury intake based

on the FFQ

The FFQ was conducted by trained interviewers who
showed the subjects full-scale pictures of seafood
dishes“®. The subjects gave the frequency and portions
of consumption over the past year according to each
picture. The amounts of consumption were calculated
from the frequencies and the portions given by the sub-
jects individually. We selected several kinds of seafood
that were often found at the fish market in the study area
and classified them into thirteen items: i.e. large predatory
fish (such as tuna, swordfish and marlin), bonito, whale,
salmon, eel, yellowtail, silvery blue fish, white-meat fish,
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other fish, squid, shelifish, salmon roe and canned
tuna, considering MeHg level and type of seafood. 1t is
thought that these thirteen items cover almost all fish/
shellfish consumed in this area. Because shark is rarely
consumed in this area, we did not include shark in the
thirteen items.

To estimate the MeHg intake, a calculation was per-
formed, multiplying the amount of each of the thirteen
items of seafood consumption (g/week) obtained from
the FFQ by the total mercury (T-Hg) concentration in that
item (pg/g). The T-Hg concentrations in the items were
obtained from a database maintained by the Japan Min-
istry of Health, Labor and Welfare"®, This database was
constructed based on the data of T-Hg and MeHg con-
centrations in 385 kinds and 9712 samples of seafood
surveyed in Japan. It contains the MeHg concentrations in
some, but not all kinds of seafood. The number of sam-
ples for MeHg listed is not sufficient compared with the
number of samples for T-Hg. Therefore we did not use
the data for MeHg but used the data for T-Hg instead.
It has been suggested that MeHg comprises >90% of the
T-Hg in seafood*®!™; thus we assumed that the amount
of MeHg was 100 % of the T-Hg concentration in the items
in order to prevent underestimation.

Determination of total mercury in

biological samples

We used RBC and hair as the exposure indices of MeHg
based on evidence that more than 90% of T-Hg in RBC
and hair is MeHg®. It has been reported that permanent
waving decreases the mercury concentration in hair19%,
but Ohba et al®" reported that the average mercury
concentration of 3-cin segments of hair from the proximal
end showed no significant decrease by permanent waving.
In our cohort, 21-2% of the subjects had permanent
waving or straightening. Therefore we used 3-cm seg-
ments from the proximal end, which provided an accu-
rate exposure level,

T-Hg in RBCs and hair were determined by cold
vapour atomic absorption spectrophotometry according
to the method of Akagi and Nishimura®®. Each sample
was acid digested with HNO3, HCIO, and H,50, at 200°C
for 30min. The resultant inorganic mercury was then
reduced to mercury vapour by adding 10% SnCl; to a
flameless atomic absorption monitor (HG-201; Sanso Co.,
Ltd, Tokyo, Japan). To ensure the accuracy of the deter-
mination, whole-blood reference material Seronorm
201605 (SERO, Billingstad, Norway) and human hair
reference material NIES CRM No. 13 (National Institute of
Environmental Studies, Tukuba, Japan) were used.

Statistical analysis

The estimated MeHg intake and the T-Hg concentrations in
RBC and hair were not normally distributed. The associa-
tions of estimated MeHg intake with T-Hg concentrations in
RBC and hair were analysed using Pearson’s correlation
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coefficient (# after logarithmic transformation. One-way
ANOVA was conducted for evaluation of the difterences
among T-Hg concentrations in RBC and hair by quartile of
estimated MeHg intake. This analysis was also performed
after logarithmic transformation of T-Hg concentrations in
RBC and hair. All statistical analyses were carried out using
the JMP software package version 7°0 (SAS Institute Inc,,
Cary, NC, USA).

Results

Characteristics of the subjects

Six hundred and nine pregnant women enrolled in the
TSCD who donated blood and hair and completed the
FFQ were included in the present analysis. The char-
acteristics of these 609 women are shown in Table 1.
Mean (sp) age was 315 (4-4) years. The mean (sp) weight,
height and BMI before pregnancy were 52:6 (7:6) kg,
1586 (4-9) cm and 20-9 (2-7) kg/m?, respectively. During
pregnancy, 7-2% of the subjects smoked and 32:3%
consumed alcohol. Seventy-five per cent of the subjects
had >12 years of education.

The distributions of T-Hg concentrations in RBC and
hair are shown in Fig. 1. The median (5th, 95th percen-
tile) T-HFg concentration was 13-1 (58, 27-0) ng/g for RBC
and 2:0 (0-9, 4*4) ug/g for hair. There was a significant
correlation between T-Hg concentrations in RBC and hair
(Pearson’s correlation coefficient atter log-transformation:
r=0-916, P<0-0001; data not shown).

Estimated methylmercury intake based on the FFQ
The frequencies and amounts of consumption and esti-
mated MeHg intake for the thirteen items are shown
in Table 2. In total, the median (5th, 95th percentile)
frequency of consumption was 5-4 (1+9, 12-6) times/week
and amount was 3097 (93-1, 742-5) g/week. The most
frequently consumed item was salmon (mean of the ratio
to total consumption for all subjects: 17-6%), followed
by silvery blue fish (14:7%), canned tuna (11:3%) and
white-meat fish (10-7%). Silvery blue fish was the most
consumed item in terms of amount (17-7%), followed by
white-meat fish (15-6%), large predatory fish (13-5%) and
salmon (11-8%). Whale was rarely consumed. Median
(5th, 95th percentile) total MeHg intake was estimated to
be 42:3 (88, 134:0) ng/week. Large predatory fish were
the principal source of MeHg (43-0%), followed by white-
meat fish (12-7%) and silvery blue fish (11:3%). Every
other item had a contribution of less than 10-0%. Dividing
the total MeHg intakes (pg/week) by the body weights
of individuals measured before pregnancy, the median
(5th, 95th percentile) MeHg intake was calculated to be
0-8 (0-2, 2-6) pg/kg body weight per week. The dis-
tribution of MeHg intake per kilogram of body weight per
week is shown in Fig. 2. Tt was found that 12-5% of the
subjects exceeded the TWI.
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Table 1 Characteristics of the study subjects: 609 pregnant
Japanese women enrolied in the Tohoku Study of Child Develop-
ment

Mean sD %
Age (years) 315 4-4
Weight (kg) 526 7-6
Height (cm) 1586 4-9
BMI (kg/m?) 209 27
Smoking during pregnancy 7-2
Alcohol consumption during pregnancy 32-3
Education (>12 years)* 75-0

*Data were missing for two subjects.
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Fig. 1 Distributions of total mercury (T-Hg) concentrations in
red blood cells (RBC) (a) and hair (b) in 609 pregnant
Japanese women enrolled in the Tohoku Study of Child
Development. The median (5th, 95th percentile) of T-Hg
concentration is 13-1 (5-8, 27-6) ng/g for RBC and 2-0 (0-9,
4-4) ng/g for hair

Association of metbylmercury intake with total
mercury in red blood cells and bair

The T-Hg concentrations in RBC and hair were sig-
nificantly correlated with the estimated MeHg intake:
r=0-325 (P<0-0001) for RBC, #= 0-305 (P<0-0001) for
hair (Fig. 3). The T-Hg concentrations in RBC and hair by
quartile of MeHg intake are shown in Table 3. As the
MeHg intake increased, the T-Hg concentrations in RBC
and hair increased significantly (P<<0-0001 for RBC,
P<0-0001 for hair).
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(24,25) 26,27)

study’ which focused on nutrients in fish’
Another large epidemiological study has also suggested
the benefits of seafood intake™". If pregnant women
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Fig. 3 Correlations between estimated methyimercury (MeHg)
intake and total mercury (T-Hg) concentrations in red blood
cells (RBC) (a) and hair (b), after log transformation, in 602
pregnant Japanese women enrolled in the Tohoku Study of
Child Development. (a) MeHg intake and T-Hg in RBC (ng/g):
Y=0-805+ 0-187X (r=0-325, P<0-0001). (b) MeHg intake
and T-Hg in hair (ng/g): Y=0016+0-175X (r=0-305,
P<0-0001)
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excessively restrict seafood consumption to lessen MeHg
intake, there will be a shortage of nutritious substances
such as 72-3 PUFA. Adverse effects of MeHg may depend
on the balance between MeHg and beneficial nutritional
components in the seafood consumed®®.

The main objective of the present study was to confirnm
the accuracy of the estimated value for MeHg by com-
parison with biomarkers. The correlation coefficients of
the estimated values for T-Hg in RBC and hair were 0-325
(P<<0-0001) and 0-305 (P<C0-0001), respectively. In
other studies, Sanzo et al®” reported that the correlation
coefficient between T-Hg intake and T-Hg in RBC for 120
individuals in Spain was 0306 (P<0-005), Twasaki et
al®” reported one of 0:335 (P<0-:001) between T-Hg
intake and T-Hg in hair for 154 Japanese women, and
Ohno et al Y reported a correlation coefficient of 0-551
(P<0-01) between T-Hg intake and T-Hg in hair for fifty-
nine Japanese women. Although the sample sizes and
significance levels were different among studies, our
result of “about 0:3* was similar to the former two studies.

There are several factors that influence the association
between estimated intake values and biomarkers, The
first is the uncertainty of the dietary survey method, i.e.
the FFQ. Although validity of the information collected by
FFQ has been shown by many validation studies'™'?, this
information is not as detailed as that collected by dietary
records because it involves a recall bias*®®, It has been
reported that the FFQ has a tendency of overestimate
when there are many food items, and underestimate
when there are few food items, compared with a dietary
record®?, In the present study, from the large positive
intercepts and gentle slopes in Fig. 3, it was found that
MeHg intake had a tendency to be overestimated at lower
exposure levels and underestimated at higher exposure
levels. Another tactor is the uncertainty of the database on
mercury concentrations in seafood. Iwasaki et af®”
reported that the average amount of estimated T-Hg
intake determined using the FFQ was 15-3 ng/d (geo-
metric mean), although they used a different data-
base®*3¥ from the one used in our study for calculation.
This estimated value is about 25 times higher than our
result. If the exact amount of seafood consumption can
be obtained, the estimated value will vary greatly con-
tingent on the database. The concentration of mercury in

Table 3 Tofal mercury (T-Hg) concentrations in red blood cells (RBC) and hair by quartile of estimated methylmercury
(MeHg) intake: 609 pregnant Japanese women enrolled in the Tohoku Study of Child Development

Log [T-Hg in RBC (ng/g)]

Log [T-Hg in hair (ug/g)]

Quartile MeHg intake (ng/week) n Mean sD Mean sp
1 =255 152 1-01 0-20 0-20 0-20
2 >25-5-42-3 152 1-08 0-20 0-27 0-18
3 >42-3-66-8 162 1-16 0-17 0-36 0-18
4 >66-8 153 1-17 0-21 0-35 0-21
P<0-0001 P<0-0001

P values calculated by one-way ANOVA.
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fish depends on size, age and the surroundings of the
fish"!”. To estimate the MeHg intake accurately, a more
detailed database that has a sufficient number of samples
and considers these factors of concentration variability
will be needed.

In conclusion, the correlation coefficient between the
estimated MeHg intake based on the FFQ and biomarkers
was ‘about 0-3’. The accuracy of the estimated value was
generally indicated because the association was statistically
significant, and at a level similar to- other stucies®**”,
Although the estimated value involves the uncertainties
mentioned above, it appears that the FFQ is a useful wol for
assessment of exposure to MeHg.

Acknowledgements

Sources of funding: This study was supported by grants
from the Ministry of Health, Labor and Welfare (Research on
Risk of Chemical Substances) and the Ministry of Education,
Culture, Sports, Science and Technology (Grant-in-Aid
for Scientific Research [BD), Japan. Conflict of interest

declaration: There are no conflicts of interest. Authorship
responsibilities: K.Y.-S. and HS. conceived the study

design and supervised data analysis. KN. and K.S. organ-
ized the data collection of the cohort study, M.S., T.O. and
S.K. carried out the analysis of total mercury. NK. gave
advice about statistical analysis. Finally, K.Y.-S. wrote the
manuscript and the other authors critically revised
the manuscript. Acknowledgments: We thank all the
participants of this study.

References

1. Grandjean P, Weihe P, White RF, Debes F, Araki S, Yokoyama
K, Murata K, Sorensen N, Dahl R & Jorgensen PJ
(1997) Cognitive deficit in 7-year-old children with prenatal
exposure to methylmercury.  Newroloxicol Teratol 19,
417-428.

2. Crump KS, Kjellstorm T, Shipp AM, Silver A & Stewart A
(1998) Influence of prenatal mercury exposure upon
scholastic and psychological test performance: bench-
mark analysis of a New Zealand cohort. Risk Anal 18,
701-713.

3. Murata K, Weihe P, Renzoni A, Debes F, Vasconcelos R,
Zino F, Araki S, Jorgensen PJ, White R & Grandjean P
(1999) Delayed evoked potentials in children exposed to
methylmercury from seafood. Neurotoxicol Teratol 21,
343-348.

4, Pood and Agriculture Organization of the United Nations/
World Health Organization (2003) joint FAO/WHO Expert
Commniittee on Food Additives, Sixty-first meeting, Rome,
10-19 June 2003, Summary and conclusions. http://www.
who.int/entity/ipcs/food/jecfa/summaries/en/summary_61.
pdf (accessed September 2008).

5. US Eavironmental Protection Agency (2001) Integrated
Risk Information System, Methylmercury (MeHg) (CASRN
22967-92-6). http://www.epa.gov/iris/subst/0073.htm (accessed
September 2008).

6. US Department of Health and Human Services, Public
Health Service, Agency for Toxic Substances and
Disease Registry (1999) Toxicological profile for mercury.

7.

10.

11

12.

13.

16.

18.

19.

20.

21.

22.

2357
hitpy//www.atsdr.cde.gov/toxprofiles/tp46.pdf  (accessed
September 2008).

Japan Food Safety Commission Secretariat (2005) Food
Safety Risk Assessment Related to Methylmercury in
Seafood. hup//www.fsc.go.jp/english/topics/methylmer-
cury_risk_assessment.pdf (accessed September 2008).
World Health Organization (1990) Methylmercury. Envir-
onmental Health Criteria no. 101. Geneva: WHO.
Mouratidou T, Ford F & Fraser RB (2006) Validation of a
food-frequency questionnaire for use in pregnancy. Public
Health Nutr 9, 515-522.

Segovia-Siapco G, Singh P, Jaceldo-Siegl K & Sabate J
(2007) Validation of a food-frequency questionnaire for
measurement of nutrient intake in a dietary intervention
study. Public Health Nutr 10, 177-184.

Hibbeln JR, Davis JM, Steer C, Emmett P, Rogers I, Williams
C & Golding J (2007) Maternal seafood consumption in
pregnancy and neurodevelopmental outcomes in child-
hood (ALSPAC study): an observational cohort study.
Lancet 369, 578-585.

Oken E, Radesky JS, Wright RO, Bellinger DC, Amarasir-
iwardena CJ, Kleinman KP, Hu H & Gillman MW (2008)
Maternal fish intake during pregnancy, blood mercury
levels, and child cognition at age 3 years in a US cohort.
Am J Epidemiol 167, 1171-1181.

Nakai K, Suzuki K, Oka T et al. (2004) The Tohoku Study of
Child Development: a cohort study of effects of perinatal
exposures to methylmercury and environmentally persis-
tent organic pollutants on neurobehavioral development in
Japanese children. Toboku J Exp Med 202, 227-237.

Date C, Yamaguchi M & Tanaka H (1996) Development of a
food frequency questionnaire in Japan. J Epidemiol 6,
Suppl. 3, S131-5136.

The Japan Ministry of Health, Labor and Welfare (2005)
Mercury concentrations in seafood. http://www-bm.mhlw.
g0.jp/shingi/2005/08/<l/50812-3al.pdf (accessed September
2008).

Honda S, Hylander L & Sakamoto M (2006) Recent
advances in evaluation of health effects on mercury with
special reference to methylmercury — a  minireview.
Environ Health Prev Med 11, 171-176.

Food and Agriculture Organization of the United Nations/
World Health Organization (2004) Safety evaluation of certain
food additives and contaminants. WHO Food Additives
Series: 52, Prepared by the Sixty-first meeting of the Joint
FAO/WHO Expert Committee on Food Additives (JECFA).
hup://whelibdoc.who.int/publications/2004/924166052X. pdf#
search="Safety%20evaluation%6200f%20certain%20food%20
additives?20and%20contaminants’ (accessed September
2008).

Berglund M, Lind B, Biérnberg KA, Palm B, Einarsson O &
Vahter M (2005) Inter-individual variations of human
mercury exposure biomarkers: a cross-sectional assess-
ment. Environ Health 4, 20.

Yamamoto R & Suzuki T (1978) Effects of artificial hair-
waving on hair mercury values. Int Arch Occup Environ
Health 42, 1-9.

Dakeishi M, Nakai K, Sakamoto M et al. (2005) Effects of
hair treatment on hair mercury — the best biomarker of
methylmercury exposure? Environ Health Prev Med 10,
208-212.

Ohba T, Kurokawa N, Nakai K, Shimada M, Suzuki K,
Sugawara N, Kameo S, Satoh C & Satoh H (2008)
Permanent waving does not change mercury concentration
in the proximal segment of hair close to scalp. Toboku J Exp
Med 214, 69-78.

Akagi H & Nishimura H (1991) Specification of mercury in
the environment. In Advances in Mercury Toxicology, pp.
376 [T Suzuki, I Nobumasa and TW Clarkson, editors}.
New York: Plenum Press.



2358
23.

o
W

26.

Food and Agriculture Organization of the United Nations
(2008) FAOSTAT. http://faostat.fao.org/site/291/default.aspx
(accessed September 2008).

Davidson PW, Myers GJ, Cox C et al. (1998) Effects of
prenaial and postnatal methylmercury exposure from fish
consumption on neurodevelopment: outcomes at 66
months of age in the Seychelles Child Development Study.
JAMA 280, 701-707.

Myers GJ, Davidson PW, Cox C et al: (2003) Prenatal
methylmercury exposure from ocean fish consumption
in the Seychelles child development study. Lancet 361,
1686-1692.

Myers GJ, Davidson PW & Strain Jj (2007) Nutrient and
methyl mercury exposure from consuraing fish. J Nurr 137,
2805-2808. °

Bonham MP, Duffy EM, Wallace JMW, Robson PJ, Myers GJ,

" Davidson PW, Clarkson TW, Shamlaye CF & Strain Jj (2008)

Habitual fish consumption does not prevent a decrease in
LCPUFA status in pregnant women (the Seychelles Child
Development Nutrition Study). Prostaglandins  Leukot
Essent Fatty Acids 78, 343-350.

Mahaffey KR (2004) Fish and shellfish as dietary sources of
methylmercury and the -3 fatty acids, eicosahexaenoic

29.

30.

31

33

34,

K Yaginuma-Sakurai et al.

acid and docosahexaenoic acid: risks and benefits. Environ
Res 95, 414-428.

Sanzo JM, Dorronsoro M, Amiano P, Amurrio A, Aguina-
galde FX & Azpiri MA (2001) Estimation and validation of
mercury intake associated with fish consumption in an
EPIC cohort of Spain. Public Health Nutr 4, 981-988.
Iwasali Y, Sakamoto M, Nakai K, Oka T, Dakeishi M, Iwata
T, Satoh H & Murata K (2003) Estimation of daily mercury
intake from seafood in Japanese women: Akita Cross-
Sectional Study. Toboku J Exp Med 200, 67-73.

Ohno T, Sakamoto M, Kurosawa T, Dakeishi M, Iwata T &
Murata K (2007) Total mercury levels in hair, toenail, and
urine among women free from occupational exposure and
their relations to renal tubular function, Environ Res 103,
191-197.

Tsubono Y & Hisamichi $ (2001) Nutritional Epidemiology.
Tokyo: Nankodo Press.

Yamamoto I, Matsuda K & Sato C (1990) Contents of Heavy
Metals in Seafood Along the Coast of Hokkaido. Sapporo:
Hokkaido Institute of Public Health.

Nakagawa R, Yumita Y & Hiromoto M (1997) Total
mercury intake from fish and shellfish. Chemosphere 35,
2909-2913.



H#5EE Qpn. J. Hyg.), 64, 749-758 (2009)

auh
=14

HI8EBATEFES
7N D2 BEANT

TR & T &4 oRBICHIY 5 2 — & — F TR OBIK & FRH

Riba—R— pRE &S CEFHE

IRz, bR MZ MW BEEC, R B

4R A BB A R PR R M R ) B
EKIR B IR  v 2 —
THEAFAEEREF RURRIE RS

Tohoku Study of Child Development and Exposure Assessment

Kunihiko NAKAI", Tomoyuki NAKAMURA™, Katsuyuki MURATA"? and Hiroshi SATOH"!

' Department of Environmental Health Sciences, Tohoku University Graduate School of Medicine
2 Mivagi Prefectural Institute of Public Health and Environment
SDeparnment of Environmental Health Sciences, Akita University Graduate School of Medicine

Abstract Dioxins, polychlorinated biphenyls (PCBs), and organochlerine pesticides are bioaccumula-
tive chemicals that are considered to be toxic contaminants. These chemicals are classified as persistent
organic pollutants (POPs). We have started a prospective cohort study to examine the effects of perinatal
exposure to these chemicals as well as methylmercury on neurcobehavioral development in Japanese chil-
dren. In this article, the method and the consequence of exposure assessment were described. The concen-
trations of POPs in maternal blood, cord blood, and breast milk were determined by high-resolution gas
chrométographywhigh-resolution mass spectrometry. In breast milk samples, p,p-DDE was the predomi-
nant pollutant, total PCB and p-HCH being the other major constituents. Mirex and major toxaphenes were
also detected in all samples even though these chemicals have never been used in Japan. Simple correlation
analysis showed high correlations among the three sample materials, indicating that there was a high degree
of consistency of chemicals in the body. Major chemicals were also intercorrelated with other chemicals in
either of the three sample materials. These findings indicate the presence of coexposure to multiple POPs.

‘ Multiple regression analysis indicated that the concentrations of PCBs were affected by the age of mother,
parity, and maternal fish intake. These results are informative in terms of considering the strategy to reduce
the body burden of POPs in females. The chemical analysis were performed by two different institutes.
Multiple regression analysis also showed that the result of chamical analysis was affected significantly by
the difference in analyzing institute. This finding suggest the importance of consistency in chemical analysis
and the necessity for quality and accuracy contrel using reference materials,
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7o e MXBREBREA LBV AR b EIb S
WS BY ST A, BEIIE R AIE L <0 A F LR
L BoEEB oW, Blkrb s LT aHE (12)
L, BERATLL—BLLLo TRV ET RS
(13) 5B h, —FLb DT, WThrL T,
IOIARAEANAL T MTPOPs Kk X U2 F LK
IBECERZITLI L VgD, FORBEY A7 KOV
T, bNETHECESEMIREELT S LERHD LE 2
bib,
ZDXSEEEND, Kok, R L OW4ERM
EETHPOPs B LU AFAKBIC L B BoEEL
BT A 3 — A — PR (B, Fdhn—

EERENLEL
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2 ILIKER.
EAFH A,
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c— b E) KHEDTVB, KT, Hlka—F—1
FAROWE LR E L LI, POPs i LB BORE
DWCRITT A EEME LA Lo, 1 ERE
B 20 MR W THET S, ik, PCBIZDONT
BT TR DRITHEND D (14), o { Bl
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—FDPCBR IO F 1A F Bz O>WTiid Tt
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TR ESR LRI X AR X O A RIS E
EWAR OB &3 L OB I b T A b
PSRRI e a AP HETHS (18). K1k
RN VST R AR T

BHETEEE, 2001421 A0 200342 9 H o, &
WRAT O o O BEREBBE O & 18 Tk 22 8L
BoTR 2R RICER Ui, BHCEEL T, FURIBER,
WRM, B E oA, NEERICL 21
RTihhwo b, SLiHAREYREEL T2 %%
HE Uk, B owTERFE 2 BETHD, B
Ba, IEIREARI 36 70 4238, {RE 2, 400g L) B SHEL
toe AV 7 a—AR s avey bonT, KD
VRl L i BT & o B AT » o, BHEIKC LB
FIEAECERL,

FELOREEREVBH T 200, 77EL v

A R TTEYEEMM (£ 3 H ), Fagan Test of Infant Intelli-
gence (I E HEKT, 7+ F), Bayley Scales of Infant Devel-

EHOBEERPMRENY T —
TS5y HERTHEEGRE B)
Bayley Scales of Infant Development (R ZEHRE . 7H LU 184 § )
FEK REERE (REFRE. 78X 0187 B)
Fagan Test of Infant Intelligence ((REBERE. 74 A)
Child Behavior Checklist (RIRE{TEIERI 4 . 307 B)
Kaufman Assessment Battery for Childre n ( XEERE, 420 B )
Continuous Performance TestGEEErh#IFEEEE (847 )
Wechsler Intelligence Scale for Children { §1HEIRE, 845 B )
EREEPNRR (SREEE L ARELULG L. 847 B )
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opment (BSID) 38 X OHiif K FGHEBE (W Fh i #at
##E, 735X0718» H), Child Behavior Checklist (f138
TTEVERIZ, 30 A), ¥ X U Kaufmann Assessment Battery
for Children (K-ABC, #fE®E, 42+ J) R hF T

FHi Lo, B, S-M S A EEENRAE B L O Vineland -

r g

Adaptive Behavior Scales (R#IGFTEIERIEE, 66+ ),
Wechsler Intelligence Scale for Children (HIBER ), Boston
Naming Test (FEHEA), Continuous Performance Test (¥
BEPHFRERT), CATSYS (EOBERER &),
OHED), MEd RS REBA R X OB RBEHEN,
PhEsday BY X aEHbTh D,

THERE UC, BBloAMBIBEENE FFQ), F
RESNE, #HaRBFWREREYEBT 2L
B# 10, BB L RWEEN, BAMER BT
F—2%WHE LI, FFQr oW TRHERCEEERA
YRBEMRAE L UCESTEM (R B X URE
et sMpEA P BN BEREC I ERL, &
BoRBRELXYEHL L, B8 1Q OfllE (X Raven’s
Standard Matrices i X D BRI L, BRI 2B %T-
1o, B RBP4 12 Home Observation for Measurements of
Environments (HOME) OERMKRTH2E REBERE
AEERCTEA L.

POPs DX il % BAY & U, Bkl (IR 28 86,
Bk oA (BES 1, ) RIRELL, IEiX
XY vERBGTRIL, {LFESITE Talk —-80°C T
SR Lo, O R % OB PCB 2B S H 2 17
5k kb, —HoBEm, Bk X R LT
POPs ik M Ui, A AAEROW CEFHIE LT,
HEBOBREEZE KRR, OB LR L OREMR
DK B LA FAKBSEER L, Sbr, B
fEllnk X OWEHIZ 2~ Th, BRBEIS R L £ v 3 &
CHRER A v v DRERFT - 7o,

{2500, N =49), BHFMm =68) F L&
U, (n=68) THx A AFL 8 FYVHEH 7o00F
V¥, DDTH, ~7 470l ~F¥27ors¥y
(HCB), ~F# 7 onv 7 a~+4 8 (HCH), Mirex
BLUN Y7 = vHOGHRT o1, 3B, BHL
TV} PCB @R (A5 H 4 466 #THM L1z, (LS HH
B BREEY A 2 = b 77 7 HESHE (HRGC-HRMS)
CXhEELL U7, BRAFERR 7Y —v T v 72
R g RGN, BES B U, MBS 2R,
n-~FYCCHBRL, BB YL ST
7 ¢ —I X DA TV HRGC-HRMS TO BT W
7o BAED POPs (LG D 5 5, PCB RO
fEiL, 2o DORMBISITBECERITEL TER L,

FEHic» T, HILXFEERHRHGESZRES
PRHETRELARLE L L b, BECHS
WETHH Lo, FAEPHOBHRELIFLLON
R HE S A TR O BACCHE S PFRFTEDEO 7o,
HEIG U GEMHFE LT » THE2ED T3,
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C. POPsIZIOWT

ZhE CroBMEIM, B L R O—FoRE T
POPs 3% 1T 5 & & b i, ¥ e >\ THL PCB £ Btk
HoEER Lo, TOGHERLOWT, 1) POPsiC
DOWTHRAAOBREZAZ{ B0t liBlTs L L
bic, 2) BHOFYWHEC L HESECE, 3) Akl
HHEOBEE OV THRRB, IBK, 4) PCBIDOW
TR, HER, k1 UHRERE L oMK, 5)
LG OBEEE, ©ow G5, BHNEROREAK
BRIl L, MEHRITIBEL T, POPSBE S
I OREAEREIERS i X bicuviod, FEER
L TR A7, PCBIRE w BE 4 5 BREBE T2
T EBERS T -k, BAERE LT, HERD
TR, HEEN, FRPOWREEHE, &K1, 980
BIEIE L, ERoOLEINIEELYEB LY 28
TIT > fcicd, THEHEO MY BML o, HEEIT
IMP V5. 121X » 12, ’

1) B3 POPsiEE
BHAOEEWEAOBEYE 2 R LI (HEEE
TR Lo B v ED) . DDE ORENEWVC & 534
HTHhHh, DDTBRESLEWHEHTSH -7, DDT 1971 4
5 B mEa gy, 1981 Er b B g — ey
YECEEINEE LA L E R o BERREHE
Thh, FERBAIA T, RECEERE RO
FEUCRBEARGEIPEATH L L5 213, DDT R L
U'DDE OBUERE N, £ WBE OBE Y H 5 d URE
THERLEZBRE, &b, ERTIREERGCH
BBREN e CERERRBETHSL P v 7 = v ORH
¥ (Parlar-50 70 £) HRWEXA, BERLTFLEESL
X b oo, FEREYCH S Parlar-50 (XHE &
L eRRclE I EAERX R, Py Y e
VIRE B e b DELBRERBICOWTE, FHRICER
DA, KEEN LichPE~OREHR ST £ 2 HER
Ehic, FFEY7 = VIR TREBENER STV
B b (19, brEOEE T, 4 L bdEr
FOTHEE L FHARE XA TH5 (20),

2) ZEOLEPHRICLIEAELE

POPs & L THE I h B W, Ho ikl X 005
WiELGOFBORBEERELTEY, BERCRTS4E
MBHELRAIL I BRI EELDNRL, JOhD
B2 EoFHEIAEZEH LU TCERL (21, 22), Hi
EHo ko LadsEMTR, S2EOLEYHE R
RIS BIRD S ENTRINS, ZOFEEIEED
REZBIBT 542, 37 POPs 7 ik F 25 £ PCB,
trans-Nonachlor, p,p-DDE, Dieldrin, cis-Heptachloroepoxide,
HCB, B-HCH 5 X O Parlar-50 % CF, F{L# Y E R 0 Bg#
LR 7 T O
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£1 PCBR2EMUMKIHOMBECELREM _
W +SD F it
N % sl B — Bk
ERER () 466 31.3+4.4
BEECEFRE (4 =12 118 25. 4
>12 346 74.6
L R T L 371 79.6
FFEThSR 64 13.7
AR & AR 31 6.7
PR ORI BB el 353 75.8
b 113 24,2
AEINE (kg thE /F1 465 391. 8 (0-2779)
TEREE () 466 39.6+1.3
HAPERRRE 21T 243 52,1 :
2 FUR 223 47.9
H ik RS 399 85.6
YRR 67 14.4
HEEHE (9 466 3080+331
HE (cm) 466 49.1+1.8
B (cm) 466 33.6*1.3
s B 244 52. 4
IR 222 47.6
7S H—A227 (lmin) ! 465 8 (1-10)
L RBED Y
%2 FILPPOPsRE S HERROME
£tk | BEEIR TR L
thgi@ (Min-Max) #1F 59 TLg
TEQ 17.4 {4.2-45.3) 21.0 (10.3-45.3) 13.0 (4.2-31.8)
PCBs 102 (31-274) 112 (56-274) 91 (31-191)
trans-Nonachlor 22.5 (6.6-101) 26.9 (13.2-66,9) 16.3 (6. 6-101)
p.p’-DDE 143 (32-331) 154 (68-323) 120 (32-331)
pp'-DDT 7.6 (2.3-19. 4) 8.1 (3.0-19.4) 7.0 (2.3-16.2)
Dieldrin 4.3 (2. 1-17.5) 4.3 (2.4-10. 4) 4.3 (2.1-17.5)
cis-Heptachloroepoxide 4.5 (1.8-24 1) 5.2 (2.8-24. 1) 4.1 (1. 8-9.6)
HCB 16.4 {6.9-37.3) 20.6 (9.9-37.3) 14.6 (6.9-27. 8)
B-HCH 49,0 (11.5-214) 63.3 (15.5-214) 32.8 (11.5-138)
Mirex 0.74 €0.17-1.9) 0.77 {0.36-1.6) 0.7¢ €0.17-1.9)
Parlar-50 3.2 {1.3-12.5) 3.5 (1.3-12.5) 2.8 (1.4-6.4)

n=68. ng/g-fat (TEQ i pg-TEQ/g-fat)

LB I O BMBRREY RS, TREPCB L
FOMOIFEYE L OBARER 2 CR LT, LAY
O Gg THFHENCA B BRI BREZ h,
THHBPCB L& COEPHE L SV-EEEARD LR
oo BLEOREEL, POPs IHEH S Wb ST EMHE K
I 2BAMRECBY RS TS5, AELEREfns
IUOBHMT LRI AL ERRET),

P EOBEAI B, BEEEAROALEET
FoORREBAYEOBEYRE TAEELDR, X
LIRS ERBEOMELYRET S (16), &
HE TIOPCBE K B & /DRSS L OB#K 2R T
W B xh, PCBAMKI 2078 ORMEND
B Link, FORMESG (o wEEH
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BB BOPFERINTND LD THDY, POPs b Bk
ALY RN BRI N TV 2 0D, FEREHRN
HBEINDB, Pl 2%, SEIOZHFEE TL, PCB L Parlar-
50 & E\HEEA R L, Parlar-50 % PCBiE OB
ELTHVAZEZLLATE TRV L S it@bh
B. BHBE—DEWEORY SR, FEEERE L
OREH: LR L, HEHFENCEERBRARVWIEIR

iE, REOEBRY FOAEHH I HELBCER
THREERT B ERLLL LAY, LvL, BE
ELER DB EHA, EoREBYERESW L FWE
TR SCHMIEEEL TS L, 2 ¥ vakk
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£3 #ilHhPOPsHEMEBERK
TEQ PCB Ngzgkr pp-DDE  Dieldrin  cissHCE ~ HCB B-HCH  Parlar-50
TEQ 1. 000
PCB 0. 870%* 1. 000
trans-Nonachlor 0. 803** (. 789%* 1. 000
p.p-DDE 0.735%*  0.778%* (. 605%* 1. 000
Dieldrin 0. 309* 0. 391+ (. 387  0.208 1. 000
cis-Heptachloroepoxide 0.499%%  0.511%%  0.522%  (.381**  0.492** 1000
HCB Q. 904** 0.797%* . 756%* 0. 707+* 0. 296* 0. 551 ** 1. 000
B-HCH 0.714**  (0.633*%*  0.525%x  (, 710** 0, 128 0. 447%*  (, §92%* 1. 000
Parlar-50 0.662%*  0.782% 0, 711** (3, 539** 0,533 (), 638** (, 662%¢  0 456%* 1. 000
Pearson’s 1.
n=68. *p<0. 05 **p<0.01.
cis-HCE, cis-Heptachlorepoxide.
Log (pg/g-fat), n=68
6
r=0.870 r=0.789 r=0.778 r=0.391
p<0.0001 p<0.0001 p<0.0001 p<0.001
5 - L L
4 1 i 1 i L i
0.5 1 1.5 2 35 45 55 4 5 6 3 35 4 45
m TEQ trans-Nonachlor p,p-DDE Dieldrin
O
0.6
r=0.797 r=0.633 r=0.769
p<0.0001 p<0.0001 p<0.0001
5 L L L
SR
4 i i i 1 i ] i
3 35 4 4535 4 45 5 35 45 55 2 2.5 3 35
cis-Heptachloroepoxide © HCB B-HCH Mirex

2 BIOHPCE L2002 YHE L ORIZEE

CRBECEET L EAREI RT3 (9, xF v
TRBFAEF TS Y 7R TDODT AV HRTELHR,
DDT ¥ i 2O TH % DDE OHEMNZTRET 5
WETHBLOD, 2 F 3 OFE T DDE LSO 547
e oy, DDEXERBE LEHL THWv0
PHERODHD LA THD, HEER»HSEHEHEFRLSE

LB ENBEER—oDHFILEZ LRI,

—H, AL vCfThhbh Ty B HE 2 — &~ b A
Ti%, BE# M PCB, HCB, DDT 3 X 0 DDE D{b3a#i %
ML, 4% 1T DDE 2\ JERE (BSID) LBIE
L (8), £#4EThH DDE PHEIE (McCarthy Scales
of Children’s Abilities) & (23) Bi# 35 4 ©®, HCB 1
ADHD 2 27 (#fr X 522 7 T, The California Pre-
school Social Competence Scale ¥ & (Y ADHD-DSM-1V & &
BEL) LBEELLZ EREEIhTW% (10), ADHD
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A2 TOWTHE, BWAAEHE LTPCB,DDE k5 L O
DDT # /LT3 HCB O4ANEE Bt AR b
Z &6, ADHD M %ZRTERE L THCB IE BN
HWRIANT S, LFEYEOMIBE LD B = LR
ERTHEY, HEFHRR OV TEBNE L L 00,
{LEYBEC L > CTEEENREI W BWERS R b 2
Enb, REBRICEIAALBHRINMT bR T\ 5,
P EORFTHENDFHZIMN B LD E LT, B—n(k
YE DA Tidls { POPs £ >WUAWEE ChE
TOMBERDBHI &, ALIEEBROAXZEDE, B
ER (RERB) L oBEo®R -, 7206 REMH
BT se v P RBORB I LARBINDG, FLT
0D, SEOLFHEIBLEM I 5 POPs £
TEONTHEEGHETH S ERAMBELEZ LIS,
tEs, A% vaolfa—h— MEETIL FEO
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£4 E7POPs QIR0 MRS

552
rans- , . . : «
TEQ PCB Nonachlor 27 -DDE Dieldrin cis-HCE HCB B-HCH Parlar-50
b 0. 936 0. 927 0. 959 0. 920 0. 878 0. 928 0.921 0. 844 0.918
BB it 0. 793 0. 778 0. 871 0. 837 0. 821 0. 800 0. 879 0. 798 0.778
Pearson’s r.

n=68 for Breast milk and cord blood.
n=49 for breast milk and maternal blood.
WL d p<0. 00t

iR B L, RN, EIREE, s L oo
PR A £R B L DDE & 4T L7e, + OfE, Ry
O DDE DANROFEERRE L BUE Lo & ob, 1TRY
MO BOPELHAT DL DL > T b, IR
O {E AR O AFALRER A Crkle b ieh IRk s
fFETHHD, H{BFMAHBME LoBios 13 v
ZIOWCEBESMBRE L o TwWB I E¥HELE
W,

3) REHEARM OBEY

HAb 2 — sk — b Tk, POPs AT ORELE LT, Bk
i (FEHE 28 BED, MEH#rMn (HERD & X R (e
15 A#) #ELE, =0 320 &R oW,
BALFYWHEBE OBHE L E 4 KR L, 3OOREE
ORI - L vd oD, £ Db wE ol
B CHBEGRENED bhic, PCBH L g1
F o v BRROWTH, RIBERRSAChE TREESH
Twa (17, 24) . SHPE T B o HERo
BEMOBENSREME ST IEEAHEEL, —F
CTRAEE (b U RABE LZIME) 75, it
BOEBRHET LA ENRABRT VB (25), B
AR FHEBECIIELD L S TE B
BEh, +OL 5 MRS NTHEMIBOH 5 &
AEELIbRI,

A7 v AR AHE T A— PEETE, BEn
BE Ly BED, BHms L e8H (WE2 BEE o
PCB (IUPAC#118, #138, #1533 X U'#180 OF), &b
B TEQ WEtE I, BALBEGIBIERMCD
DEDTHHH, RO RIFBREXRMES AT
rnicd, MBS X OBEHmPEEREEYS YO
Rk Lic. ZEEEE o T, BAPCBE LY
TEQ (L FTE R O METTEIFAIIEEE (Prechtl neurological
examination) & B8 U= d 0o, kil 3 X OB I PCB
EOBEE R RS i o (26), HAEBIE(ED
B ARG T AWRERE L WETE IonDS, BFL.O PCB
TR TEQRERE L, SMBBHTHHZ LbEH
BEMNAEL, SROCHBABENREOIEIE VR
RIERIC IR Uit T 5L AT TH B (16), £
B, 41842, AORERETHH K-ABC OKE LB
LicDifHEfl PCB TH H, HFLPCB £ /il TEQ BE
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EERFEA O ER U AR CE L OB EkED
LRkt 27), BlEhd, 5 v 4o ar—1t
FEOEREY, FrRBIIBoEBEREMHT AL
DL T D,

~H, VA4 2R AT - b #E TR, B
B ORH PCB (HER2BEED) & {FEEELLCH
Ut (#138, #153 % X OR#180 O, 1% 7-42- Al
EINREEELEBELOINAPCBTHY, B
1 PCB & Oz BEMIIBIZE IR ih o7 (B), ZOfk
¥, BRINICBOEEUHYEBET B0 TREVLO
D, HAEBOBAYA LS BOoBEYHmNT 588
Ll oTh, 7 v EENL Y Tiibhi g,
EOWROE L BOBENKE Ve - THEBIZ—K
LTwins, FOBBITHETHEH, aEEo— &
LT, ZhbofEzRiErsitssEainiv-hd
1990 BRI T lebhic b D THH, Bl & RS
Roh, BE S HRAEERE OB CO5 CIIEN
B2 0 IBEIERIA TN L bE LD
MBo CHETIHE D — & — b PIYECIFHR I PCB 04
BHEGW T - o RITHRER RS, Hlha—s— 13
HEIZRI) D PCB OHHEE & R iglE b ot
WTEHBBN T FETH B,

4) BHER, HERSLIURERE - OMEY

POPs DAFRERMILE L, Bl L L L ICENATR
BT 5 (28-32), BB L OBAEANLTBE L
WEHERCBITT 5729, HERBNE RILEIE
BEARATRNS LELBRTVLS (28-30), <
FHO—>HREREELSh, RIBRE L IEOHEN
BB EBRIRTHS (28 32-30),

BALO POPs WD\ T, 32 W HBEIE DR,
2% 5 HEREMhC HEE R, SHAENE L oBEY
HE L fz, W35\ TC Dieldrin %6k { {LFEWE CH
ERRIN, WEELHEHT L LENENEN I THE
EDRE NI, HERMOBHCW, HEREHLS ]
Oy A CIEMEENTR R, FhE L bl s
FPER SR, —H, RERECOWTE, HERR
RN L COARABHEERRD bR o,

—#, PCBIZOWTIIHRILT466 RO oi e 2 T
Whe £CTC, BBIMERER, HERN, EREhoOR
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=5 S POPs L HEER ABRIBOEE

HAE iR
H1T 52 T LRk 1T o2 T LR

HHBE p 8B v p AHB p HMr p
TEQ 0. 241 ns 0. 186 ns —0.130 ns 0. 210 ns
PCBs 0. 404 0.02 0. 345 0.05 =0, 111 ns 0. 085 ns
frans-Nonachlor 0. 057 as 0. 170 ns -0, 017 ng 0.227 ns
p.p'-DDE 0. 479 0. 004 0.173 ns —0. 113 ns 0.213 ns
pp-DDT 0.118 us 0. 121 ns —0. 112 ns 0. 141 ns
Dieldrin 0. 263 ns 0. 233 ns ~0.121 ns 0. 015 ns
cis-Heptachloroepoxide 0. 196 ns 0. 398 0.02 —0. 164 ns —0.130 us
HCB 0. 248 ns 0. 087 ns —0. 276 ns 0. 201 ns
B-HCH 0. 566 <0. 001 0. 242 ns 0. 061 ns 0. 092 ns
Mirex 0. 377 0.03 0. 547 <0. 001 0. 091 ns ~0. 112 ns
Parlar-50 0. 205 ns 0. 215 ns —0.033 ns 0.211 ns
n=68. ng/g-fat (TEQ {¥pg-TEQ/g-fat)

FOEE, R, AERER L OO o2 HRER HEHNATNE L AERE : OB EEE YR v

EUTC, BEmAEAY BERE TAERRS Y
ot (6, HMBRRBMEND D n=463), HER
E R L OHERM TR S ERE 3 M EoR KA T
FHEREOHBR L CAOHBEMNREh, ThETO
WEL T HREBEL oo, RERECOWTY, B
FH U oRBEETEOHBNREX N, MIERES
Fh4 5 EARI NI, Tods, (LEGHIL2 D00
BRITEEL TRY, WL SHEELET ogH
EECLERER L ot (n=403, HRIFE,

BIENMEND O OPREEY FEAS A, Filo
EMBEABE IR S L EL B b, POPs DFPER I
DWTHEL, IR CH L Z LB BB EE 2 b h
HEEH L SBT3 PCB oW CEM GRS X
BN 2-6 L S h, ARATRMNMEVCE EERIL
BnEIhTuvws (35), E_VYIEEWTHRMIAL
dioxin DAERAHIAL, 18REMH TR L 64, 18K L
THI2ETH» 1z 36), SO CHRE IR FH
EDOEOHEE, ZLOEHECAEXNLLEE
PO EHEIMEL T A ERTRBETHRELELLR
o

R A AP O BE R, BEL LA
BAAENLERA~OBITCTH D, BB FHC X
HIERNAENEEZ SN (BT), SEIOMGTCL HER
SBE LD EELLRI,

SRR E oW, BN PCB olEFRE3 L EORE
W CIEOBBEENED LRI, PCBORKEZ LR
5 &, HFER 46 oFEECERBLRERGRE S,
I LICHEBEROEL 5 LEEEAE R EANES R
72o 7L, PCB & REREOHEEITHLLEBOM
I TR, REIUCETAEMEORE, HEL W
HEOMEE K&, EHILTHRVABLTLL
—F LRV EREDFTOBRDO—~D L FE L bR
A, BRI RS E L RavE T, LEpED
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(30), BDOTHLEEMANI T LBy (34,38), I
L U ALERET R oot © POPs RN ATFEZ I L
X5 ELBE, FHRPHERGHET A L TER
Ve O SHERAR OB RERBEOEYIES &
E2bhbd, SEOSHERNLIIEIRIE - PCB
AAMEOBEEER B ERE WL DTS, HiE
R omMRN, AIERELHIRL TL POPs (AR ATR
BoERErhB M TELVWIEVRE IR,
POPs DELE X BHEIATH 5 LixfhEW v &
XN 5, FREED POPs (A AWM B & RIETUCE
THE#R, BrRoBECAX It bl
CHELEBERTZLENRD S LEZL DI,

frds, PCBEEMERI & OEY R 7 oW, KEA
YA U AHBBITHED LI TS Oswego DA 2 —
F— FREISERS AMESAHEINR TS, ZOH
TSRS X OB PCB DRGSR L, 15
KRBTy TY — L UIREERLPCB (ERHK1-
3), PEEERLPCB GEFEH 4-6) B I UEEEEL
PCB (7-9) O3 RE LIS BBEEL L THV, 2035
BRI OB EEEL PCB DN ROSEIGE LY &
BT A o &b, MERDOS - PCBLEERS N EE
RTWBZEHFEEL TS (4,6),

5) {bBEaMBEROEEN

POPs £ #1+%, HRGC/HRMS 75 ¥ B4 ek « B s
SRS EETHH, REOSIEMBEcEIEL T
B LT, ERERCELBEONTHY, AflED
HIFIR L D oSBT AT bz, SOk
SR M PCB O BEEG IR L Tk g HisBEo Rl %
BB L LTEmL (B6), TOKE, PCBOET
DORIEG CHOVBMEIEERERE LTEETHZ LM
AR, BCEBEEN I CREE TEECH -k,
SEOGHTIE, FE—RR TR Bl 25
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®6 WM PCBREKG L BMHAENER HERR RERESLUSHEE (EECRERERED
' PCB

Mo Di Tr Te Pe Hx Hp Oc No De
SrHTHERS 0.42 —0. 54 —0. 40 -0.23 —0.9 -0.09 0. 10 -0.12 ~0.12 = —0.09
P <.0001 <0.0001 <0.0001 <0.0001 0.03 0. 04 0.03 0. 005 0. 006 0.03
HERTE  0.00 0. 06 0.20 0.32 0.26 0.33 0. 41 0.53 0. 48 0. 43
P ns ns <0.0001 <0.0001  0.0001 <0.0001  <0.0001 <0.0001 <0.0001 <0.0001
BRI 0.04 0. 02 —0.20 —0.33 —0.32 —0.34 —0.28 —0.18 —0.11 —0. 04
p ns ns <0.0001  <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.02 ns
ARG 0.03 —0.03 0.09 0.15 0.16 0. 14 0.13 0,12 0.13 0,10
P ns ns 0. 04 0. 0006 0. 0004 . 002 0. 603 0.003  0.003 0. 02

BBEI PCB (pg/g-fat) 1T, MERRT L ORBREOELFIEL, MRS,
B (EEMAC D) OREBIRE) 3 XUSIIBEON (AL 406, B 60, RJER)

HEE (W s Fhbsbc 2l , AR
OEELFERRAR AR L . < DA BED

IR (IR, IR T RS, FILERREE) SO (RL b D) RBBALKE L THV R, PCBIRE S L URE
REIHNEER L, RUER O KBESD D n=463,

DOHFSBECREYEB L Ick®, LERIBENR-
RSB SR ET R T ETE b 00, T
BB OB X 5 RN EOFENR bR 5 8
BrErbhi, COFRREOVCTIRPLL TR,
E—a 2 WO B i L it A e EOFEN
HELEL C\5B, ok, §MH, Bkt AL X Tk
ET AL LT, RETIRME TETRME BURE,
SHHEBRMER L, BEYBLL RO RDBROHE
BOEMRELTo . SHEOBIE L, &9
ZEOTIRME, B, SWEBMREREFARETDH
H, HONEBBOPR CIERLSHIMT ebhicbo s
Ezbhd, SEOFERD T THHIRE oM
TR MEr LA L0 L I i,
DHEEROBEELHER T LT 35RO m
CROADRFMBRBEOREYMSLZ EHFHIRTD
D, FOfd i EERR R E ARG R NN E L E
257 Bz, U v Vo v HET RAA Y FiE
BEREBLRA, 1250, Z0OX 5 IR CEER,
SHBANR ISP L Lo X T L SMBEEEELD
b, DI, HERINHAEEGPFEENCL > TR
b, —BOEHLYHEE LAEFRHECR, H<BY
S LCE e, 0 TORBIER BT S
e ioit, oHEOERM, F— 2 Ok SRR
FTHOERBEEELZORA, B, ATy FRFSY
BB RERG LR, SHEOHE I EY L CTHE
REBERDBIEITFEINTNAHEY THDH, Ll
b, AR TERT L CHEE S LA FDH LR
EEISELEoWBERA LR L LD LI hFERBI RN
Bo T OREL vV AABNE  BEE TSR
TrE WA T —h— b IO ST, BRI POPs
=K Y v/ OLS KEFECEALL LT HIL,
Fe g OBEEHN T 7 FORHRETCD X5 OH
HEw BT, BEARSA Y EEZBRDL, FHBE
BRETIHRENDIL, Tuvss oMY
ERLCEREEOSHEOTERGTILEL E L
bt

(756]

D. BbYIC

WAL — &k — + OPE R OWTIHRB & &b, POPs
L ERMOMB RO WTHRE Uiz, BES ot
RO Mo oWT, YoeAnT, ¥
DX 5 It BE O HLT O 05, ETHROHEMY
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FEt e REY IR T 5L O TH Y, SROLEDHE
D5 B &G T B O &N S HRE ORI 75 E A
LEbREELRRBEELONL, 205, FRHE
DEFEOWTIEL, EFRELD ISR EELOEL
$, BEBNTITBIYR e ¥ RS L oS AN S
# i bht, AR THARR ch - f %, POPs D585 Tk
{2 EEE IR E RN ) DY BEOESR (ng/-
fac i &) CRHEIN L Z ENE e, UL, {LEPHEO
SR B 2o, IRIFERMC H ORENTL L,
WEHRObLLIATHD, b, TTFENRRD
POPs DEEA T I A RENBT L4 E2D
b, F—2 OBEroOWT LR, E2EETR
BOhERBrEREBCELN - THHTAZ LS
v, F-2OFENE, BEREAER T ENDHET
BAHH, BESWCREBRIEE L L i,
EEREC T IEBFMEFC O >VCTRRTRE
MBIt ELBRS,

# 4

AMEOLTOEMEL X OFEROH # i B
L¥d %, AR, BERPOPs t=2 ) v /I #liE
DR L B0 L, BEEVERERRBITYEY A7
s L OHHEMARERNRB O EL R
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