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The aim of this study was to document the-exposure levels of pregnant women in Hokkaido to persistent or-
ganochlorine (POC) pesticides and the relationship between the body burdens of these pesticides and. the
study population's characteristics, such as age, pre-pregnancy body weight and calendar year in which blood
was collected. From 2002 to 2005, whole blood samples were obtained from 186 pregnant women (aged 17 to
47 years) from the population of 514 women registered with the Sapporo Toho hospital cohort of the Hokkaido
Study. Blood samples were analyzed by GC/NCIMS and GC/HRMS to quantify 29 POC pesticides. The subjects’ de-
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Persistent organochlorine pesticides mographic details were obtained from medical records and self-administered questionnaires. The Jonckheere-
Pregnant women Terpstra test was used to determine relevant trends in the chemical concentrations of these pesticides and
Whole bloed their relationship to the subjects' demographic details. Twenty-one of the 29 targeted compounds (including

Age pesticides that have never been used in Japan, such as Mirex, Parlar-26 and Parlar-50) were detected in whole
Parity blood samples, and their log-transformed concentrations were found to significantly correlate with each other.
The concentrations of p,p’-DDD, o,p’-DDE, p,p’-DDE, Parlar-26 and Parlar-50 declined from 2002 to 2005
(p<0.05). The pesticide concentrations appeared to have stronger associations with past conception than with
parity, with most pesticide concentrations declining in a manner that appeared inversely related to past concep-
tions (p<0.05). Maternal age was positively associated with the following pesticide concentrations: p,p’-DDE,
chlordanes group, cis-heptachlorepoxide, 3-HCH and mirex. Maternal pre-pregnancy body weight was positively
associated with the concentrations of dieldrin, HCB, B-HCH, Parlar-26 and Parlar-50, and appeared to be more
strongly related to the body burdens of POC pesticides when compared with BMI associations. Further studies
are required to evaluate the effects of POC pesticides on human health with regard to reproductive outcomes
and child development.

© 2012 Elsevier B.V. Al rights reserved.

1. Introduction

The use of most persistent organochlorine (POC) pesticides has
been-eliminated or restricted due to their persistence in the environ-
ment and their resulting bioaccumulation in humans and other ani-
mals. The lipophilic POCs are highly resistant to both abiotic and

- Abbreviations: BMI, body mass index; CI, confidence interval; DDD, dichlorodiphenyldi-
chioroethane; DDE, dichlorodiphenyldichloroethylene; DDT, dichlorodiphenyltrichlor-
oethane; GC, gas chromatography; GM, geometric mean; HCB, hexachlorobenzene; HCH,
hexachlorocyclohexane; LOQ, limit of quantitation; NCI-MS, negative-ion chemical-
ionization mass spectrometry; PCB, polychlorinated biphenyl; POC, persistent organochlo-
rine; POPs, persistent organic pollutants; SCLV, solvent cut large volume; SD, standard devi-
ation; SIM, selected ion monitoring analysis.

* Corresponding author. Tel.: +81 11 706 4747, fax: +81 11 706 4725.

E-mail address: rkishi@med.hokudai.ac,jp (R. Kishi).

0048-9697/% - see front matter‘© 2012 Elsevier B.V. All rights reserved.
doi:10,1016/j.scitotenv.2012.02.073 .

biotic degradation and appear to be transported long distances by
weather systems (Bennett et al., 2001). The lipophilicity and long
half-life of these chemicals, which are suspected endocrine disruptors
(Routti et al., 2010; Elobeid et al., 2010), result in their distribution
and accumulation on the body. In 2004, the Stockholm Convention
on persistent organic pollutants (POPs) the production and usage of
these compounds and encouraging environmental monitoring and

-awareness campaigns that focus on health concerns and ecosystems.

At that time, the restricted compounds included nine POC pesticides,
aldrin, chlordane, dieldrin, endrin, heptachlor, hexachlorobenzen,
mirex, toxaphene and dichlorodiphenyltrichloroethane (DDT). In
2009, a-hexachlorocyclohexane (HCH), S-HCH and y-HCH were
added to the restricted list (http://chm.pops.int). Most POC pesticides
were prohibited from being applied to Japanese agricultural fields in
the 1970s, although heptachlor, dieldrin and chlordane were used
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in termite control until the 1980s, despite being banned from
agricultural applications. Although it was never registered for agricul-
tural use, hexachlorobenzene (HCB) was used in industry until the
1980s. Mirex and toxaphene have never been produced or used in
Japanese industry or agriculture (http://www.env.go.jp/chemi/prtr/
risk0.html).

The body burdens of POC pesticides are known to be associated
with reproductive outcomes (Cocco et al.,, 2005; Longnecker et al.,
2001; Ribas-Fito et al., 2002; Siddiqui et al., 2003; Tan et al., 2009;
Toft et al, 2010; Pathak et al, 2010, 2011), cognitive anomalies
(Femandez et al., 2007; Torres-Sanchez et al., 2008) and neurodeve-
lopment (Eskenazi et al, 2006; Ribas-Fito et al, 2006; Torres-
Sanchez, et al,, 2009), although the adverse effects of POC pesticides
on human health are only suspected. For the last few decades, the
body burdens of these chemicals have been gradually decreasing
(Konishi et al., 2001; Solomon and Weiss, 2002; Craan and Haines,
1998; Schade and Heinzow, 1998).

To better understand the physical effects of persistent POC pesti-
cides, studies that monitor the exposure levels of humans, especially
pregnant women, to POC pesticides should be conducted. In addition,
because POCs are suspected to cross the placental barrier (Ando et al.,
1985; Saxena et al,, 1981), the relationship between POC exposure
and the health outcomes of infants and children should be evaluated.
We have previously reported associations between maternal exposure
to chemicals, such as polychlorinated biphenyl (PCB), perfluorooctane
sulfonate and perfluorooctanoate, and birth weight (Konishi, et al,
2009; Washino et al., 2009) as well as associations between maternal
PCB exposure and infants' mental and motor development (Nakajima
et al, 2006). The present study analyzes whole blood samples to
determine the exposure levels of pregnant women to 29 POC pesti-
cides and evaluates the associations between these chemical concen-
trations, the subjects’ physical characteristics and environmental
variables.

2. Materials and methods
2.1. Study population

- From 2002 to 2005, 514 pregnant women registered with a hospital-
based prospective cohort study entitled the “Hokkaido Study on Envi-
ronment and Children's Health” (Kishi et al., 2011). The concentrations
of POC pesticides were determined in 186 of the 374 whole blood sam-
ples obtained from this population. Data regarding the subjects’ age,
height, pre-pregnancy body weight, past conception(s), and parity
were obtained from the subjects’ medical records. Data regarding
their levels of education, annual household incomes and smoking
statuses during pregnancy were obtained through self-administered
questionnaires.

All the subjects supplied their written informed consent, and this
study was approved by the institutional ethical board for epidemiolog-
ical studies at the Hokkaido University Graduate School of Medicine.

2.2. Exposure measurement

The 29 POC pesticides evaluated in this study were o,p’-DDT, p,p’-
DDT; o,p’-dichlorodiphenyldichloroethylene (DDE), p, p’-DDE, o,p’-
dichlorodiphenyldichloroethane (DDD), p, p’-DDD, cis-chlordane, trans-
chlordane, cis-nonachlor, trans-nonachlor, oxychlordane, aldrin, dieldrin,
endrin, heptachlor, cis-heptachlorepoxide, trans-heptachlorepoxide,
HCB, o-HCH, 3-HCH, y-HCH, 6-HCH, mirex, Parlar-26, Parlar-41, Parlar-
40, Parlar-44, Parlar-50, and Parlar-62, The internal standards (for the
clean-up and syringe spikes) were *C-labeled isomers or d-isomers
obtained from Cambridge Isotope Laboratory, Inc. (Andover, MA, USA).
The organic solvents were of a grade appropriate for measurements of
dioxins (Kanto Chemical Co. Inc., Tokyo; Wako Pure Chemicals, Osaka).

The concentrations of POC pesticides were measured according to
the methods recommended by the Ministry of the Environment, as
described below. All procedures were performed by IDEA Consultants,
Inc. (Tokyo). Six milliliters of aqueous solution saturated with ammo-
nium sulfate and 24 ml of 25% ethyl alcohol/hexane were added
to 10 ml of whole blood with internal standards (for the clean-up
spike) (0.1 ng each), and this mixture was shaken for 30 min. After
the mixture was separated into two layers, the upper hexane layer
was obtained as part of the extract solution. The procedure was then
repeated with the lower layer and 20 ml hexane, and an additional
upper hexane layer was obtained. The extract solution containing the
combined hexane layers was washed with 20 mil of distilled water,
dehydrated with'sodium sulfate dehydrate, filtrated and concentrated
to 10 ml under reduced pressure. This solution was then washed
three times by shaking with 30 m} hexane-saturated acetonitrile to
remove lipids. The resulting extract was washed with 3 mi distilled
water, this mixture of organic and aqueous solvent was separated into
two layers, and the upper hexane layer was removed. Next, 60 ml of dis-
tilled water was added to the acetonitrile extract, and the extraction
procedure using 30 ml hexane was repeated twice. After washed with
distilled water and dehydrated, the hexane extract was divided into
two fractions (3:1, by volume): fraction 1 and fraction 2. Fraction 1
was purified using silica gel column chromatography (Wakogel C-200,
Wako Pure Chemicals Industries; eluting solvent, 150 ml of hexane).
Then internal standards (for syringe spikes) were added to fraction 1,
and fraction 1 was injected into a gas chromatography/negative-ion
chemical-ionization mass spectrometry (GC/NCI-MS) system for toxa-
phene measurement. Fraction 2 was purified using Florisil cartridge
column chromatography (LC-Florisil, SUPELCO, Bellefonte, PA, USA;
eluting solvent, 5% diethylether/hexane, 10 ml). Then, internal stan-
dards (for syringe spikes) were added to fraction 2, and fraction 2
was injected into a gas chromatography/high-resolution mass spec-
trometry (GC/HRMS) system for measurements of pesticides other
than toxaphene.

For toxaphene measurements, a 6890 series GC systemn (Agilent
Technologies, Ltd., Santa Clara, CA, USA) equipped with a DB-35ms
column (id. 0.25 mmx 30 m, Agilent Technologies, Inc.) was con-
nected to a mass spectrometer (BU20, JEOL Ltd., Tokyo). The injection
was conducted in the splitless mode at 220 °C. The oven temperature
was programmed as follows: 130 °C for 2 min, then a 15 °C/min in-
crease up to 220 °C, a 2.5 °C/min increase up to 255 °C, a 10 °C/min in-
crease up to 280 °C, and finally hold at 280 °C. The detector was
operated in the NCI mode (interface temperature, 250 °C; ion source
temperature, 180 °C; ionizing current, 300 pA; electron volt, 200 eV;
acceleration volt, 2.5 kV). The target compounds' quantification and con-
firmation ions were as follows: Parlar-26, -40, -41 and -44, 378.8543,
376.8572; Parlar-50, 412.8153,410.8182; Parlar-62, 376.8387, 374.8417.

Except for toxaphene, all pesticides were analyzed using an Agilent
6890 series GC connected to a mass spectrometer (AutoSpec-Ultima,
Micromass Ltd., Manchester, UK). A BPX-Dioxin-I column (id. 0.15
mmx30m, Kanto Chemical Co. Inc.) was used for detection of chlor-
danes, drins and Heptachlor epoxide, while a RH-12ms column (i.d.
0.25 mmx 30 m, Inventx, Torrance, CA, USA) was used for detection of
other pesticides. The injection was performed in Solvent Cut Large Vol-
ume (SCLV) mode, and the oven temperature was operated as follows:
160 °C for 1 min, then a 20 °C/min increase up to 300 °C, 300 °C for
8 min, a 70 °C/min decrease down to 160 °C, 160 °C for 1 min, a 4 °C/
min increase up to 300 °C and finally hold at 300 °C. For the other pes-
ticides, the injection was performed in splitless mode, and the oven
temperature was programmed as follows: 130 °C for 1 min, then a
15°C/min increase up to 180 °C, a 4 °C/min increase up to 250°C, a
15 °C/min increase up to 330 °C, and finally hold at 330 °C. The detector
was operated in the selected ion monitoring analysis (SIM) mode using
an interface temperature of 290 °C of interface temperature and an ion
source temperature of 320 °C. The quantification and confirmation ions
of the target compounds were as follows: HCH, 218.9116, 216.9145;
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DDD, 235.0081, 237.0052; DDE, 246.0003, 247.9974; DDT, 235.0081,
237.0052; HCB, 283.8102, 285.8072; chlordane, 372.8260, 374.8230;
nonachlor, 408.7840, 406.7870; oxychlordane, 386.8052, 388.8023;
mirex, 271.8102, 273.8072; heptachlor, 271.8102, 273.8072; hepta-
chlorepoxide, 352.8442, 354.8413; drins (aldrin, dieldrin and endrin),
262.8570, 264.8540. .

The instrumental quantitation limit (IQL) was defined as 10 times
the standard deviation (SD) of 7 measurements of the lowest standard
concentration in the calibration curve(s). The limit of quantitation
(LOQ) was calculated from the blood sample volume, the constant

. volume prior to injection and the injected volume.

2.3, Statistics

Age, pre-pregnancy body weight, height and pre-pregnancy body
mass index (BMI) were divided into three categories using tertiles.
Geometric means (GM) and 95% confidence intervals (Cl) were calcu-
lated using GraphPad Prism 5 (San Diego, CA, USA). Regarding the 18
chemicals for which detection rates were above 50%, trends in each
category's detected chemical concentrations were evaluated using the
Jonckheere-Terpstra trend test in SPSS ver. 15 (SPSS, Inc., Chicago, Illi-
nois). A value was considered significant when the p value was less
than 0.05.

3. Results

The demographic characteristics of the subjects are given in
Table 1. At the time of enrollment, the subjects' ages ranged from
17 to 47 years with a median of 31 years. The numbers of registered
women from year-to-year were as follows: 2002, 35 (18.8%); 2003,
64 (34.4%); 2004, 78 (41.9%); 2005, 9 (4.8%). The subjects’ heights
ranged from 140 to 172 cm with a median of 158 cm, and their pre-
pregnancy body weights ranged from 38 to 95 kg with a median of
52 kg. The subjects’ pre~pregnancy BMI values ranged from 16.2 to
35.8 with a median of 20.6. The subjects’ parity values ranged from
0 to 5 times with a mean (+SD) of 0.7+0.8 times. The subjects’
past conceptions ranged from 0 to 6 times with a mean (=£SD) of
1.3+ 1.3 times. Subjects with smoking histories accounted for 49.5%
of the group, and those who smoked during pregnancy accounted
for 11.8%. Blood was collected during pregnancy (24.1 to 40.7 gesta-
tional weeks, 67.2%) or after delivery (32.8%).

Table 2 presents the LOQ values, the detection rates (% of>10Q)
and the concentrations of 29 chemicals detected in whole blood sam-
ples. The detection rates of the DDTs were as follows: ¢,p’-DDT, 87.6%;
p.p’-DDT, 100%; o0,p’-DDD, 0.5%; p,p’-DDD, 66.7%; 0,p’-DDE, 72.0%; and
p,p’-DDE, 100%. In terms of median values (and range), the highest
concentration detected among the DDTs was 610 (120-4600) pg/g
wet mass of p,p’-DDE, and the second highest concentration was 23
(5.6-120) pg/g wet mass of p,p’-DDT. The detection rates of chlor-
danes were as follows: cis-chlordane, 98.9%; trans-chlordane, 54.8%;
oxychlordane, 100%; cis-nonachlor, 100%; trans-nonachlor, 100%.
Among the chlordanes, the highest concentration detected was 69
(14-510) pg/g wet mass of trans-nonachlor followed by 40 (7.9-
250) pg/g wet mass of oxychlordane. With regard to the heptachlors,
cis-heptachlorepoxide was detected in every sample, but heptachlor
and trans-heptachlorepoxide were not detected. The detection rates
of the drins group were as follows: aldrin, 0.5%; dieldrin, 100%; en-
drin, 0%. The dieldrin concentration was 18 (5.8-59) pg/g wet mass.
The HCB detection rate was 100%, and the concentration of HCB was
100 (35-250) pg/g wet mass. The detection rates obtained for the
HCH isomers were as follows: o-HCH, 8.1%; B-HCH, 100%; y-HCH,
64.5%; 6-HCH, 0%. The detection rate of mirex was 98.9%, and the con-
centration of mirex was 6.0 (<2-30) pg/g wet mass. Regarding the
toxaphene measurements, two chemicals were detected as follows:
Parlar-26, 82.8% and Parlat-50, 85.5%. Parlar-40, Parlar-41, Parlar-44

Table 1
Characteristics of subjects.
Characteristics CON(%) Median (range)  Mean%SD
Age (year) 186 (100%) 31 (17-47) 308148
Height (cm) 186 (100%) 158 (140-172) 1583453
Pre-pregnancy body weight (kg) 186 (100%) 52 (38-95) 53.84-94
Pre-pregnancy BMI (kg/m?) 186 (100%) 20.6 (16.2-35.8) 214435
Educational level (year)
9-12 79 (42.4%) - -
=13 107 (57.6%) - -
Annual household income (million yen)
<3 32 (17.2%) - -
3-5 86 (46.2%) - -
5-7 42 (226%) - -
>7 26 (14.0%) - -
Farity (times) 186 (100%) 1 (0-5) 0.7+08
0 83 (446%) ~ -
1 81(435%) - -
2 16 (8.6%) - -
3 5(2.7%) - -
4 0 (0%) - -
5 1(05%) - -
Past conception (times) 186 (100%) 1 (0-6) 13+13
0 52 (28.0%) - -
1 65 (349%) - -
2 41(220%) - -
3-6 28 (151%) - -
History of smoking
Yes 94 (495%) - -
No 92 (50.5%) - -
Smoking during pregnancy
Yes 22 (11.8%) - -
No 164 (882%) - -
Blood sampling period:
24.1-27.6 weeks of pregnancy 14 (7.5%) - -
30.0-40.7 weeks of pregnancy 111 (59.7%) - -
" After delivery 61 (32.8%) - -
Year in which blood was collected
2002 35(18.8%) - -
2003 64 (344%) - -
2004 78 (419%) - -
2005 9(48%) - -

and Parlar-62 were not detected. The concentrations of Parlar 26 and Par-
lar 50 were 5.2 (<3-19) and 7.6 (<4-27) pg/g wet mass, respectively.

Table 3 displays Pearson’s correlation coefficient among the log-
transformed concentrations of chemicals including ‘p,p’-DDT +p,p'~
DDE’, chlordanes (the sum of cis-chlordane, trans-chlordane, oxychlor-
dane, cis-nonachlor and. trans-nonachlor), cis-hepatachlorepoxide,
dieldrin, HCB, B-HCH, mirex and ‘Parlar 26 + Parlar 50", All correlations
found among the chemicals were statistically significant, and most of
the chemicals were well correlated with the others (r=0.49-0.77).
HCB was strongly correlated with chlordanes (r=0.77). There were
also strong correlations between p-HCH and ‘p,p’-DDT + p,p'-DDE’ and
between dieldrin and cis-heptachlorepoxide. On the other hand, the
correlations between mirex and cis-heptachlorepoxide and between
mirex and dieldrin were not strong (r = 0.39 and 0.32). The correlations
of mirex or ‘Parlar 26 + Parlar 50’ with the other five pesticides are visu-
alized as scatter plots in Fig, 1.

Table 4 presents the concentrations of 18 chemicals from blood
collections separated into calendar years. The detection rates of tabu-
lated pesticides were above 50%. The chemical concentrations were
compared within three calendar year groups: 2002, 2003 and ‘2004
+2005". Statistical significances were observed for p,p’-DDD, p,p’-
DDE, o,p’-DDE, ‘p,p’-DDE + p,p’-DDT’, trans-chlordane, Parlar 26 and
Parlar 50, and except for p,p’-DDD, each of these chemical's concen-
trations decreased as the calendar year increased.

Table 5 presents the concentrations of POC pesticides in relation to
past conceptions. It appears that most of the chemicals' concentrations
declined as the history of past conception(s) increased. In this regard,
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Table 2

Limits of quantification (LOQ), detection rates (percents of>LOQ) and concentrations of persistent organochlorine pesticides in the whole blood of pregnant women.

Compounds LoQ =L0Q Concentration (pg/g wet)
/o
(pg/g of wet) ) %) Median (range) GM (95% 1
DDTs
o,p’-DDT 2 163 876 3.7 (<2-13) 3.4 (3.1-3.7)
p,p'-DDT 1 186 100 23 (5.6-120) 24 (22-26)
0,p’-DDD 1 1 0.5 <1(<1-1.1) 0.50 (0.50-0.51)
p.p'-DDD 1 124 66.7 13 (<1-9.0) 12 (1.1-14)
o,p’-DDE 1 134 720 14 (<1-6.2) 12 (1.1-13)
p,p'-DDE 2 186 . 100 610 (120-4600) 610 (560-670)
Chlordanes
cis-Chlordane 08 184 98.9 2.1 (<0.8-18) 2.1(2.0-2.3)
trans-Chlordane 0.6 102 54.8 0.60 (<0.6-3.8) 0.60 (0.54-0.66)
Oxychlordane 2 186 100 40 (7.9-250) 41 (38-44)
cis-Nonachlor 08 186 100 10 (1.6-38) 10 (9.5-11)
trans-Nanachlor 0.6 186 100 69 (14-510) 72 (66-77)
Heptachlors
Heptachlor 2 0 - -
cis-Heptachlorepoxide 2 186 100 28 (7.1-200) 28 (26-30)
trans-Heptachlorepoxide 0.9 0 ] - -
Drins
Aldrin 0.7 . 1 0.5 <0.7 (<0.7-13) 0.36 (034-0.37)
Dieldrin 09 186 100 18 (5.8-59) 18 (17-19)
Endrin . 2 0 0 - -
HCB 2 186 100 100 (35-250) 100 (97-110)
HCH isomers
«-HCH 2 15 8.1 <1 (<1-39) 1.1(1.0-1.1)
B-HCH 2 186 100 150 (20-1200) 150 (140-170)
y-HCH 1 120 64.5 1.3 (<1-100) 12 (1.1-13)
§-HCH 2 o] 0 - -
Mirex 2 184 98.9 6.0 («<2-30) 6.2 (5.7-6.7)
Toxaphene
Parlar 26 3 154 82.8 5.2 (<3-19) 4.7 (43-5.2)
Parlar 40 2 0 0 - -
Parlar 41 3 0 0 - : -
Parlar 44 3 0 0 - -
Parlar 50 4 159 85.5 7.6 (<4-27) 7.0 (6.4-7.7)
Parlar 62 20 0 0 - -

statistically significant results were obtained for p,p’-DDT, 0,p’-DDE, cis-
chlordane, oxychlordane, cis-nonachlor, trans-nonachlor, cis-
heptachlorepoxide, HCB, 3-HCH, mirex, Parlar 26 and Parlar 50.

Table 6 presents the concentrations of POC pesticides in relation to
parity. Similar to the correlation observed with regard to past concep-
tions, the concentrations of most chemicals appeared to decline with
increased parity. In this regard, statistically significant results were
obtained for measurements of cis-chlordane, oxychlordane, cis-
nonachlor, trans-nonachlor, HCB, B-HCH, Parlar 26 and Parlar 50.

Table 7 presents the concentrations of POC pesticides in relation to
age. The chemical concentrations detected were compared with re-
gard to three categories (divided into tertiles), and statistically signif-
icant age relationships were observed for p,p’-DDE, ‘p,p’-DDE + p,p’-
DDT’, cis-chlordane, oxychlordane, cis-nonachlor, trans-nonachlor,
cis-heptachlorepoxide, HCB, -HCH, mirex and Parlar 50. It appears
that these concentrations increased with maternal age.

Table 8 presents the concentrations of POC pesticides in relation to
pre-pregnancy body weight. The chemical concentrations were com-
pared with regard to three categories (divided into tertiles), and sta-
tistically significant relationships were observed for o,p’-DDT, p,p’~
DDT, o,p’-DDE, dieldrin, 3-HCH, Parlar-26 and Parlar-50.

Table 9 presents the concentrations of POC pesticides in relation to
pre-pregnancy BMI The concentrations of dieldrin, Parlar 26 and Par-
lar 50 significantly increased when BMI increased; however, the con-
centration of mirex significantly declined with an increase in BML

4. Discussion

Studies employing whole blood samples may have an advantage
in that the influence of dietary lipids is less in whole blood than in
serum or plasma. Although it has been found that POC pesticide concen-
trations are higher in sea-turtle plasma than in whole blood (Keller

Table 3
Correlation among log-transformed concentrations of major compounds?,
p.p'-DDT + p,p’-DDE Chlordanes cis-Heptachlor epoxide Dieldrin HCB B-HCH Mirex Parlar 26 + Parlar 50

p.p'-DDT + p,p’-DDE 1 - - - - - - -
Chlordanes® 061" 1 - - - - - -
cis-Heptachlorepoxide 054" 062" 1 - - - - -
Dieldrin 047° 053" 073" 1 - - - -
HCB 067" 077" 0.64* 056" 1 - - -
B-HCH 0.72" 069" 056" 049" 077" 1 - -
Mirex 054" 072" 039" 032" 061" 050" 1 -
Parlar 26 + Parlar 50 054" 063" 056" ¢ 063" 068" 053* 057* 1

* Log-transformed concentrations of chemicals were tested with Pearson's correlation test after <LOQ was substituted with the value of LOQ/2.
® Chlordanes = cis-chlordane + trans-chlordane + oxychlordane + cis-nonachlor + trans-nonachlor,

* p<0.01.
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Fig. 1. Scatter plots of POC pesticide concentrations. Left row, mirex vs. others: right row, (Parlar 26 + Parlar 50) vs. others.

et al, 2004), published research regarding the presence of POC pesti-
cides in whole blood samples has been limited (Iwasaki et al., 2008:
Fukata et al, 2005; Sasaki et al, 1991; Ostrea et al,, 2009; Sugiura-
Ogasawara et al., 2003). Thus, comparisons of the present study with
previous studies are necessarily limited, because most previously pub-
lished studies involve POC pesticide concentrations detected in serum
or plasma. Two previously published Japanese studies (Fukata et al,

2005; Sugiura-Ogasawara et al., 2003), which involved approximately
the same time period as that employed in the present study, have
reported POC pesticide concentrations that compare favorably to
those reported herein. The concentrations of POC pesticides in the
present study were similar to those in the previous studies. We have
suggested that exposure levels are low in Japan, as indicated by reports
of lower POC pesticide contamination levels in milk in Japan than in
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Table 4
Concentrations of organochlorine pesticides in relation to year in which blood was coliected (pg/g wet mass).
Compounds 2002 (n=35) 2003 (n=64) 2004-2005 (n=287) P
Med (range) GM (95% C1) Med (range) GM (95% CI) Med (range) GM (95% CI) value®
DDTs
o,p’-DDT 4.0 (<2.0-13) 4.1 (3.3~5.0) 3.7 (<2.0-9.7) 3.4 (2.9-39) 3.4 (<2.0-11) 3.2 (2.8-36) 0.06
p,p’-DDT 25 (11-120) 27 (22-33) 22 (10~100) 25 (21-28) 22 (56-73) 23 (20-25) 0.32
p.p’-DDD <10 (<1.0-43) 0.85 (0.67-1.1) 1.3 (<1.0-6.1) 1.1(0.93-13) 1.7 (<1.0-9.0) 1.6 (1.3-1.8) <0.01
0,p'-DDE 17 (<1.0-62) 1.6 (1.3-2.1) 13 (<1.0-4.6) 1.2 (1.0-14) 1.3 (<1.0-44) 1.1(1,0-1.3) <0.02
p.p’-DDE 680 (250-4600) 730 (570-940) 660 (160-2400) 640 (550-750) 540 (120-2400) 550 (480-620) 0.04
p.p'-DDE 4+ p,p’-DDT 690 (270-4700) 760 (590-970) 690 (170-2400) 670 (580-780) 560 (120-2500) 570 (500-650) 0.045
Chlordanes
cis-Chlordane 1.8 (1.2-18) 2.2(1.8-238) 2.1(0.83-58) 2.1(1.8-2.3) 2.1 (<0.80-17) 22(1.9-24) 0.57
trans-Chlordane <0.60 (<0.60-1.7) 0.3 (0.3-04) 0.63 (<0.60-3.8) 0.59 (0.51-0.69) 0.8 (<0.60-2.9) 0.74 (0.64-0.86) <0.01
Oxychlordane 37 (18-200) 41 (34-50) 40 (11-110) 40 (36-46) 43 (7.9-250) 40 (36-45) . 046
cis-Nonachlor 8.9 (4.7-38) 11 (8.8-13) 10 (3.2-26) 9.9 (8.7-11) 11 (1.6-34). 10 (9.2-12) 043
trans-Nonachlor 60 (37-510) 73 (59-91) 67 (25-170) 69 (61-77) 80 (14-490) 73 (65-83) 0.21
cis-Heptachlorepoxide 29 (11-200) 31 (26-37) 28 (9.9-78) 28 (24-31) 28 (7.1-150) -28 (25-31) 046
Dieldrin 22 (9.5-53) 21 (18-24) 17 (8.9-54) 17 (15-19) 17 (5.8-59) 17 (16-19) 0.08
HCB 100 (61-240) 100 (94-120) 110 (58-190) 110 (98-120) 100 (35~250) 98 (90-110) 047
HCHs
B-HCH 154 (58-770) 170 (140-200) 160 (32-640) 170 (140-190) 140 (20-1200) 140 (120-160) 013
y-HCH 1.0 (<1.0-6.7) 0.97 (0.74-13) 1.3 (<1.0-100) 13 (0.99-1.6) 1.3 (<1.0-6.6) 12 (1.1-1.4) 0.12
Mirex 6.0 (2.3-30) 6.4 (5.2~79) 5.6 (2.5-24) 6.1 (5.4-6.9) 6.2 (<2.0-28) 6.2 (55-7.0) 0.70
Parlar 26 5.6 (<3.0-19) 5.9 (4.7-7.3) 5.1 (<3.0-18) 4.8 (40-5.7) 5.0 (<3.0-13) 4.3 (3.8-5.0) 0.046
Parlar 50 8.8. (<4.0-27) 8.9 (7.2-11) 7.8 (<4.0-24) 7.4 (6.2-8.8) 6.4 (<4.0-23) 6.1 (53-7.0) . <0.01

2 P values resulted from two-tailed Jonckheere-Terpstra trend test.

China, Hong Kong, and Vietnam (Haraguchi et al., 2009; Solomon and
Weiss, 2002). ’

Compared to the results of this study, high body-burden levels of
POC pesticides were reported in the 1960s and 1970s. In a 1960s sur-
vey of 339 pregnant women in the USA, p,p’-DDT and p,p’-DDE were
detected at levels of 15.048.8 and 53.94-35.3 ppb (pg/g serum), re-
spectively (James et al,, 2002). In a 1979 survey, the mean serum DDT
concentration of 499 samples (men and women) detected (159.4 ng/
ml) was 10 times the US geometric mean (15 ng/ml serum) (Kress et
al, 1981). In the 1970s in Japan, 7.547.0 ppb of p,p’-DDT and 15.7 +
9.3 ppb of p,p’-DDE were detected in plasma samples from 86 women
(Yamaguchi et al, 1975). After POC pesticides were banned, the
body burdens of these chemicals remained at peak concentrations
throughout the 1960s and 1970s and then decreased over several de-
cades (Craan and Haines, 1998; Dallaire et al,, 2002; Lackmann, 2005;
Konishi et al,, 2001; Solomon and Weiss, 2002). In contrast, the concen-
trations of related metabolites, such as DDE and oxychlordane, increased
over this time period, resulting in higher bodily concentrations of
metabolites versus their precursors. As presented in Table 2, the con-
centrations of metabolites, such as p,p’-DDE, oxychlordane and cis-
heptachlorepoxide, determined in this study were higher than their pre-
cursors, such as p,p’-DDT, cis-chlordane, trans-chlordane, cis-heptachlor
and trans-heptachlor. The ratios of DDE to DDT obtained in this and
other recent studies (Fukata et al, 2005; Wittsiepe et al., 2008) are
higher than those reported in the 1960s and 1970s (James et al., 2002;
Yamaguchi et al,, 1975).

Lackmann (2005) reported a decline in neonatal serum p,p’-DDE
concentrations in Germany, obtaining a highest mean value of 1.49 ng/
ml in 1984-1985 and a lowest mean value of 0.18 ng/ml in 2002,
According to Dallaire et al. (2002), the mean cord blood concentrations
of chlordanes, DDTs and HCB considerably declined in Canada from
1993 to 2000. In their analysis of 392 blood samples collected from
1993 to 2007 in Sweden, Hardell et al. (2010) obsérved approximately
10% reductions by year in the concentrations of PCBs, HCB, DDE and
chlordanes. As presented in Table 4, most of the chemicals analyzed in
the present study were also found to decrease from year to year, consis-
tent with reports of their decreasing concentrations in milk in recent
decades. Konishi et al. (2001) reported that the concentrations of con-
taminants in milk decreased from 1972 to 1998 in Osaka city, Japan.

For instance, the concentrations of 3-HCH and DDT declined to less
than 3% of their peak levels by the mid-1970s. In Sweden, after peaking
in the mid 1970s, the concentrations of dieldrin, p-HCH and DDT in
human milk dramatically decreased throughout the 1980s and 1990s
(Solomon and Weiss, 2002). In Canada, after peaking in the 1960s and
1970s, the concentrations of most POC contaminants in milk decreased,
and the concentration of B-HCH decreased after peaking in the 1980s
(Craan and Haines, 1998). In Northern Germany, the concentrations of
DDT, HCB and 3-HCH in milk declined by 10-20% over the decade
from 1986 to 1997 (Schade and Heinzow, 1998). Thus, more recent re-
ductions in the body burdens of POC pesticides appear to be a global
trend.

Based on the samples collected from 1979 elderly Canadian in
2003, Medehouenou et al. (2011) reported that the lipid-adjusted
POC concentrations of p,p’-DDTs, Chlordanes, 3-HCH and HCB strong-
ly correlated with one another. The present study, which used sam-
ples collected from 2002 to 2005, also revealed strong correlations
among the concentrations of eight POC pesticides (Table 3). The cor-
relations between p,p’-DDTs and chlordanes and between p-HCH and
HCB found within our study appear to be stronger than those reported
in the Canadian study, of which sampling area involved the 36 urban
and surrounding areas. The narrow sampling area used in our study,
which was conducted using a single hospital-based population may
have contributed to the higher correlation coefficients obtained.

Notably, mirex, Parlar-26 and Parlar-50, which have never been
used in Japan, were detected in most samples (>LOQ%, 82.8% and
85.5%), and the log-transformed concentrations of these compounds
were positively correlated with other pesticides used in the past
(p<0.01). According to a public announcement of the Ministry of the
Environment, mirex, Parlar-26 and Parlar-50 were not found in envi-
ronmental samples in the 1983 survey; however, these chemicals
were detected in the atmosphere, solid surface sediments, shellfish,
fish and seabirds in 2003 (Ministry of the Environment, 2005, 2006).
It is possible that; in the past, mirex pollution may have resuited from
imported products containing mirex as a flame retardant. The Japanese
environment may also be influenced by the usage of pesticides in neigh-
boring countries. For example, China produced toxaphene from 1964
to 1980, though this chemical was banned for all purposes in 1987
(Wong et al., 2005). Given that persistent organic pollutants are known
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Parlar 26
Parlar 50

to diffuse a great-distance from their source(s), trans-border environ-
mental pollution is certainly possible.

Associations between the POC pesticide concentrations found in
blood samples and the corresponding subjects' characteristics are de-
scribed below.

Hardell et al. (2010) reported that there was the association be-
tween parity and the PCB blood concentrations, although there were
not significant associations between parity and the concentrations of
HCB, DDE and chlordanes. Cao et al. (2011) reported an association
between parity and the serum concentrations of HCB, B-HCH and p,p’-
DDE in 1483 samples collected from 2008 to 2009 in Shanghai. In the
present study, the concentrations of most chemicals decreased with
past conceptions and/or with parity and exhibited a stronger associa-
tion with past conceptions than with parity.

The concentrations of most chemicals increased with the age of the
subject (Table 7), consistent with a longer exposure period for older
subject groups. Environmental pollutant levels and exposure levels
should also be higher for subjects born during time periods that enabled
greater exposure(s). In addition, associations between chemical con-
centrations appear more strongly associated with pre-pregnancy body
weight(s) than with BMI (Tables 6 and 7). Pre-pregnancy body weight
may be better than BMI, as a surrogate for a body pool size of lipophilic
pollutants. There were no significant trends in the concentrations of
most chemicals in relation to subjects’ heights; however, there was a
statistically significant effect of height on the concentration of trans-
chlordane alone (determined by the Jonckheere-Terpstra trend test,
data not shown). No significant associations were found between
most of the measured chemical concentrations and the subjects’ educa-
tional levels (9-12 years, =13 years), smoking during pregnancy or
annual household incomes (<5 million yen and >5 million yen; deter-
mined by Mann-Whitney U test, data not shown). However, a signifi-
cant association was found between detected mirex concentrations
and smoking histories (determined by Mann-Whitney U test, data not
shown; p<0.05 determined by Jonckheere-Terpstra trend test, data
not shown). Samples grouped according to their collections in the 2nd
trimester, 3 rd trimester and after delivery revealed a significant assaci-
ation among the concentrations of p,p’-DDD, trans-chlordane and mirex
and the natal stage during which blood was collected (determined by
Jonckheere-Terpstra trend test, data not shown).

Cao et al. (2011) have reported a positive association between age,
pre-pregnancy weight and BMI with serum concentrations of p,p’-DDE
and B-HCH. Their findings regarding the association of age and the con-
centrations of p,p’-DDE and B-HCH are consistent with our results. [n
addition, based on a study that age-matched 1055 healthy controls to
breast cancer subjects in France, Bachelet et al. (2011) have reported a
positive association between age and detected p,p’-DDE concentrations.
Carrizo et al. (2006) have reported a positive correlation between POC
contamination levels in cord blood and maternal age, indicating that
fetal exposure levels are higher in older mothers than in younger
mothers. Similarly, Wittsiepe et al. (2008) have shown that HCB levels
increase significantly with age. In their survey of 53 men, Hue et al.
(2007) have demonstrated a positive correlation between age and total
POC concentrations in plasma (including PCB and several pesticides)
and determined that there is no association between BMI an total POC
concentrations in plasma. Schildkraut et al. (1999) have demonstrated
a positive correlation between BMI and serum DDE concentration,
and Modehouenou et al. (2011) have reported that age (65 to 85 over)
and BMI are positively associated with 3-HCH, HCB, trans-nonachlor
and p,p’-DDE concentrations.

The present study involves persistent POC pesticide measurements
in whole-blood samples from pregnant women in Hokkaido. We have
detected 21 chemicals, including three chemicals with no history of
use in Japan that may have been distributed through long-distance
transport mechanisms. This study suggests that contamination levels
of POC pesticides are low compared to previous studies and that expo-
sure levels are decreasing with each passing year. We have evaluated
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Table 6
Concentrations of organochlorine pesticides in relation to parity (pg/g wet mass).
Compounds None (n=283) 1 time (n=81) 2-5 times (n=22) P
Med (range) GM (95% CI) Med (range) GM (95% C1) Med (range) GM (95% CI) value®
DDTs
o,p’-DDT 3.6 (<2.0-13) 3.5(3.1-4.0) 3.8 (<2.0-11) 3.3(2.9-39) 3.5 (<2.0-73) 3.1(2.4-39) 0.66
p.p'-DDT 25 (6.8-120) 25 (23-28) 22 (5.6-70) 23 (21-26) 20 (7.1-100) 22 (17-29) 0.27
p.p’-DDD 1.3 (<1.0-9.0) 13(1.1-15) 1.5 (<1.0-6.1) 1.3 (1.1-15) <1.0 (<1.0-55) 1.1 (0.71-1.6) 0.65
o,p'-DDE 14 («1.0-6.2) 14 (1.2-16) 1.3 (<1.0-46) 1.1(1.0-13) 1.2 (<1.0-2.2) 1.0 (0.78-1.3) 0.07
p.p'-DDE 670 (160-4600) 670 (580-760) 630 (120-2400) 590 (510-680) 530 (190-2100) 490 (370-660) 0.07
p.p'-DDE+p,p'-DDT 700 (170~4700) 690 (610~790) 640 (120-2400) 620 (530~710) 560 (200-2200) 520 (390-690) 0.07
Chlordanes
cis-Chlordane 2.4 (<0.80-18) 24 (2.1-2.7) 2.0 (0.80-5.9) 2.0 (1.8-2.3) 1.7 (0.83-4.7) 1.8 (1.5-22) 0.01
trans-Chlordane 0.61 (<0.60-2.5) 0.56 (0.48-0.64) 0.67 (<0.60-3.8) 0.66 (0.57-0.78) <0.60 (<0.60-2.0) 0.51 (0.38-0.68) 0.60
Oxychlordane 46 (19-250) 48 (43-54) 39 (7.9-110) 37 (33-41) 28 (9.4-88) 29 (22-38) <001
cis-Nonachlor 12 (3.7-38) 12 (11-13) 9.4 (2.0-28) 9.5 (84-11) 8.0 (1.6-28) 8.0 (6.0-11) <0.01
trans-Nonachlor 83 (33-510) 83 (74-94) 66 (17-170) 66 (59-73) 52 (14-220) 57 (42-76) <001
cis-Heptachlorepoxide 30 (9.9-200) 30 (27-33) 28 (7.1-150) 28 (25-32) 22 (9.9-78) 24 (18-31) 0.07
Dieldrin 20 (8.6-59) 19 (17-20) 17 (5.8-47) 17 (16-19) 15 (7.8-54) 16 (13-20) 0.19
HCB 120 (63-250) 110 (110-120) 97 (35-190) 98 (91-110) 74 (37-190) 78 (65-94) <0.01
HCHs
B-HCH 170 (38-770) 180 (160-200) 150 (20-600) 140 (120-160) 110 (32-1200) 120 (81-180) <0.01
y-HCH 13 (<1.0-7.2) 1.2 (1.0-14) 1.2 (<1.0-100) 1.3 (1.0-15) 1.1 (<1.0-32) 0.98 (0.75-1.3) 0.60
Mirex 6.5 (1.9-30) 6.7 (5.9-7.5) 6.0 (<2.0-28) 6.0 (5.3-6.7) 5.2 (2.3-21) 5.4 (42-6.9) 0.08
Parlar 26 5.7 (<3.0-19) 55 (4.8-6.3) 4.4 (<3.0-19) 44 (3.8-5.1) 4.0 (<3.0-18) 3.6 (2.7-4.9) <0.01
Parlar 50 8.6 (<4.0-27) 8.1(7.1-92) 6.6 (<4.0-23) 6.6 (5.6-7.6) 6.0 (<4.0-24) 52(3.9-7.1) <001
¢ P values resulted from two-tailed Jonckheere-Terpstra trend test.
Table 7
Concentrations of organochlorine pesticides in relation to age (pg/g wet mass).
Compounds T1: <29 years (n=77) T2:30-33 years (n=55) T3: 234 years (n=>54) P
a
Med (range) GM (95% C1) Med (range) GM (95% Cl) Med (range) GM (95% CI) value
DDTs '
o,p’-DDT 3.4 (<20-11) 3.2(2.8-37) 3.8 (<2.0-13) 3.6(3.1-4.2) 3.9 (<2.0-9.1) 3.4 (2.8-4.0) 0.32
p.p-DDT 21 (5.6-120) 22 (19-25) 26 (9.9-73) 26 (23-30) 27 (6.8-100) 25 (21-30) 0.06
p.p-DDD 1.2 (<1.0-72) 1.1 (0.90-13) 1.7 (<1.0-6.1) 1.4 (1.2-17) 13 (<1.0-9.0) 1.3 (1.1-1.6) 0.09
o,p'-DDE 13 (<10-5.7) 1.1 (0.98-1.3) 1.4 (<1.0-6.2) 14 (1.2-16) 14 (<1.0-46) 1.2 (1.0~-15) 0.22
p.p'~-DDE 510 (120-4600) 500 (430-570) 720 (190~2400) 710 (610-820) 760 (120-2400) 700 (580-860) <0.01
p.p'-DDE + p,p’-DDT 540 (120-4700) 520 (450-600) - 740 (200-2400) 740 (640-860) 800 (130-2500) 730 (600-890) <0.01
Chlordanes
cis-Chlordane 1.9 (0.84-18) 2.0 (1.7-22) 2.1 (<0.80-17) 2.2 (1.9-26) 2.5 (0.83-8.0) 24 (2.0-2.8) 0.02
trans-Chlordane 0.66 (<0.60-3.8) 0.62 (0.53-0.72) 0.65 (<0.60-2.5) 0.64 (0.53-0.76) <060 (<0.60-2.9) 0.52 (0.43-0.63) 0.18
Oxychlordane 37 (7.9~200) 35 (31-40) 44 (16-250) 44 (38-50) 49 (9.4-170) 46 (40-53) <0.01
cis-Nonachlor 9.1 (2.0-38) 9.0 (7.9-10) 10 (4.5-34) 11 (9.7-13) 11 (1.6-33) 11 (9.8-13) <0.01
trans-Nonachlor 60 (17-510) 63 (55-71) 69 (32-490) 76 (66-87) 87 (14-380) 82 (71-95) <001
cis-Heptachlorepoxide 26 (8.4-200) 25 (22-28) 30 (12-150) 31 (27-35) 28 (7.1-78) 30 (26-35) 0.02
Dieldrin 17 (5.8-59) 17 (15-19) 20 (8.8-39) 19 (17-20) 17 (7.8-54) 18 (16-20) 0.38
HCB 97 (35-250) 96 (88-100) 110 (55-180) 110 (100-120) 110 (37-190) 100 (93-120) 0.045
HCHs
“-HCH 120 (20-770) 110 (97~130) 170 (47-400) 170 (150-190) 210 (30-1200) 200 (170~250) <0.01
y-HCH 1.2 (<1.0-72) 1.1(0.92-13) 1.3 (<1.0-100) 14 (1.1-18) 12 (<1.0-66) 1.2 (0.94-14) 059
Mirex 4.8 (<2.0-22) 4.8 (4.2-54) 6.5 (3.1-16) 6.8 (6.1-7.5) 8.6 (2.3-30) 8.2 (7.0-9.6) <0.01
Parlar 26 4.4 (<3.0-19) 4.2 (3.6-49) 6.0 (<3.0-13) 5.4 (4.7-63) 53 (<3.0-19) 5.0 (4.1-6.0) 0.06
Parlar 50 6.4 (<4.0-27) 6.0 (5.1-7.1) 8.5 (<4.0-23) 8.2 (7.2-94) 7.9 (<4-24) 7.4 (6.1-8.9) 0.048
* P values resulted from two-tailed Jonckheere-Terpstra trend test,
the associations between the subjects’ characteristics and 18 com- Ethics

pounds, a larger number than determined in similar, previously pub-
lished studies. We have determined that the body burdens of these
chemicals are associated with subjects' characteristics, such as age,
pre-pregnancy body weight(s) and history/ies of past conception(s).
Further studies are needed to evaluate the effects of these chemicals
on the development of children, and further monitoring of human
blood as well as foods and environments should be conducted.
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Table 8
Concentrations of organcchlorine pesticides in relation to pre-pregnant body weight (pg/g wet mass).
Compounds T1: <49 kg (n=66) T2: 50-55 kg (n=0G4) T3: =56 kg (n=156) P
&
Med (range) GM (95% C1) Med (range) GM (95% CI) Med (range) GM (95% CI) value
DDTs ’
o,p’-DDT 32 (<20-11) 3.2 (2.8-36) 3.7 (<2.0-13) 3.2 (2.8-38) 4.1 (<2-11) 3.8 (3.3-45) 0.03
p.p-DDT 22 (6.8-120) 23 (20-26) 22 (5.6-70) 23 (20-26) 27 (8.1-105) 28 (24-32) 0.04
p.p'-DDD 14 (<1.0-7.2) 1.2 (1.0-1.5) 1.2 (<1.0-9.0) 1.1 (0.91-14) 1.5 (<1.0-5.5) 14 (1.2-1.7) 035
o,p’-DDE 14 (<10-57) 1.1 (0.95-1.3) 1.3 (<1.0-6.2) 1.1 (0.97-13) 1.6 (<1.0-4.6) 1.5 (1.3-1.7) 0.03
p.p'-DDE 550 (120-4600) 560 (480-650) 610 (120-2400) 620 (520-730) 690 (160-2200) 670 (570-800) 0.09
p.p-DDE+ p,p’-DDT 580 (130-4700) 580 (500-670) 630 (120-2500) 640 (540-760) 710 (170-2200) 700 (600~830) 0.08
Chlordanes
cis-Chlordane 2.1 (<08-17) 2.2(1.9-25) 2.1(0.88-6.4) 2.1(1.8-24) 2.0 (0.83-18) 2.1(1.8-24) 0.57
trans-Chlordane 0.66 (<0.6-2.9) 0.64 (0.54-0.76) 0.65 (<0.60-3.8) 0.63 (0.53-0.74) <0.60 (<0.60-2.1) 0.51(0.43-061) 0.07
Oxychlordane 42 (9.4-250) 41 (36-48) 43 (14-110) 42 (37-47) 38 (7.9-200) 38 (33-43) 0.44
cis-Nonachlor 10 (1.6-34) 10 (8.7-12) 11 (2.4-28) 10 (8.8-12) 11 (2.0-38) 11 (9.3-12) 0.47
trans-Nonachlor 68 (14-490) 73 (63-85) 73 (21-200) 73 (64-83) 68 (17-510) 69 (59-79) 0.64
cis-Heptachlorepoxide 26 (7.1-150) 27 (24-30) 28 (9.8-73) 27 (24-30) 32 (8.4-200) 32 (27-37) 0.09
Dieldrin 16 (7.5-52) 16 (14-18) 18 (5.8-59) 17 (15-19) 21 (9.7-54) 21 (19-23) <0.01
HCB 96 (37-250) 99 (90-110) 100 (47-190) 100 (95-110) 110 (35-190) 100 (95-110) 0.25
HCHs
B3-HCH 140 (32-770) 130 (110-160) 150 (34-530) 150 (130-180) 170 (20-1200) 170 (140-210) 0.046
y-HCH 14 (<1.0-7.2) 1.3 (1.1-15) 1.2 (<1.0-6.7) 1.2 (0.96-14) 1.1 (<1.0-100) 1.1 (0.88-14) 0.15
Mirex 6.8 (2.3-24) 6.8 (6.0-7.8) 5.9 (<2.0-30) 6.0 (5.2-7.0) 5.7 (1.9-21) 5.7 (5.0-65) 0.06
Parlar 26 4.3 (<3.0-19) 4.1 (3.5-49) 5.3 (<3.0-14) 4.4 (3.7-5.1) 5.7 (<3.0-19) 6.2 (53-7.2) <0.01
Parlar 50 6.4 (<4.0-27) 6.1 (5.2-7.2) 83 (<4.0-21) 6.6 (5.6-7.9) 8.4 (<4.0-24) 8.7 (7.5-10) <0.01
2 P values resulted from two-tailed Jonckheere-Terpstra trend test.
Table 9
Concentrations of organochlorine pesticides in relation to pre-pregnant BMI (pg/g wet mass).
Compounds T1: <199 (n=62) T2:19.9-21.5 (n=62) T3: >215 (n=62) P
a
Med (range) GM (95% C1) Med (range) GM (95% CI) Med (range) GM (95% C1) value
DDTs
0,p’-DDT 3.2 (<2.0-13) 33(2.8-3.8) 3.7 (<20-9.1) 3.2(28-38) 4.0 (<2.0-11) 36(3.1-42) 0.16
p.p'-DDT 23 (6.8-120) 24 (20-27) 22 (5.6-63) 22 (20-25) 26 (8.1-100) 26 (23-30) 0.26
p.p'-DDD 1.4 (<1.0-7.2) 1.2 (1.0-15) 1.3 (<1.0-9.0) 1.2 (0.96-14) 14 (<1.0-6.1) 1.3 (1.1-1.6) 0.59
o0,p'-DDE 1.3 (<1.0-6.2) 1.1 (09-13) 14 (<1.0-44) 1.2 (1.0-14) 15 (<1.0-4.6) 14 (1.2-1.6) 0.09
p.p'~DDE 550 (120-4600) 600 (500-710) 620 (120-2400) 590 (510-700) 680 (160-2400) 640 (540-760) 0.44
p.p’-DDE + p,p-DDT 580 (130-4700) 620 (530-740) 640 (120-2500) 620 (530-720) 710 (170-2400) 670 (570-790) 0.41
Chlordanes .
cis-Chlordane 2.1(08-17) 2.2 (1.9-26) 2.3 (<0.80-5.9) 2.1(1.8-24) 2.0 (0.83-18) 2.1(1.8-24) 048
trans-Chlordane 0.65(<0.60-25) 0.59 (0.50-0.70) 0.66 (<0.60-3.8) 0.65 (0.55-0.78) 0.41 (<0.60-2.1) 0.55 (0.46-0.65) 0.52
Oxychlordane 45 (12-250) 45 (39-52) 41 (9.4-94) 39 (34-45) 38 (7.9-200) 38 (33-43) 0.13
cis-Nonachlor 11 (3.2-34) 11 (9.4-13) 10 (1.6-28) 9.3 (8.1-11) 10 (2.0-38) 11(9.3-12) 0.88
trans-Nonachlor 75 (27-490) 79 (68-91) 70 (14-170) 68 (60-77) © 65(17-510) 69 (60-79) 0.24
cis-Heptachlorepoxide 30 (7.1-150) 30 (26-34) 25 (9.8-71) 25 (22-28) 31 (8.4-200) 30 (26-35) 0.94
Dieldrin 17 (7.5-53) 17 (15-19) 16 (5.8-59) 16 (14-18) 21(9.7-54) 21 (18-23) - 002
HCB 110 (39-250) 100 (94-110) 100 (37-190) 98 (89-110) 110 (35-190) 100 (96-110) 0.84
HCHs
B-HCH 140 (32-770) 140 (120-170) 140 (34-640) 150 (120~170) 160 (20-1200) 160 (140-200) 0.13
¥-HCH 1.3 (<1.0-7.2) 1.2 (1.0-15) 1.4 (<1.0-54) 1.2 {1.0-15) 1.1 (<1.0-100) 1.1(0.87-14) 0.22
Mirex 7.0 (25-22) 7.0 (6.2-8.0) 5.9 (<2.0-30) 6.0 (5.2-7.0) 5.5 (<2.0-21) 5.6 (49-64) <001
Parlar 26 5.2 (<3.0-19) 44 (3.7-5.2) 4.3 (<3.0-14) 4.1 (3.5-4.9) 5.7 (<3.0-19) 59 (5.1-6.9) <002
Parlar 50 7.2 (<4.0-27) © 64 (53-76) 7.2 (<4.0-22) 6.4 (54-76) 8.5 (<4.0-24) 85 (7.4-9.7) 004

P values resulted from two-tailed Jonckheere-Terpstra trend test.
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