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(Kashiwara) 2011/03/12 9.83 2.20
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L FHE 551 6.34
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Historical trends in human dietary intakes of endosulfan and toxaphene
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ARTICLE INFO ABSTRACT

Recently, the Stockholm Convention prohibited the use of toxaphene and has been reviewing endosulfan.
The historical use of these pesticides may contaminate food and tend to accumulate in the food chain. In
this study, to evaluate the spatial and temporal trends of food contamination, the endosulfan and toxa-
phene levels were measured in pooled 24-h food composite samples from Chinese (n=10), Korean
(n=10) and Japanese (n = 40) adults in the 1990s and 2007-2009. Endosulfan was detected in 32 of 40
samples from Japan, but its levels (sum of a- and g-isomers) were low in both the 1990s and 2009 (range
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lé?év::;ffin as geometric mean (geometric standard deviation) [GM (GSD)]: 0.96 (1.6)-1.42 (1.4) ngkg™' d™?). The
Toxaphene dietary intakes of endosulfan in Seoul as GM (GSD) were 38.68 (1.3) ng kg bw~"d™" in 1994 and 92.17
Food duplicate (4.4) ng kg bw=1d~1 in 2007, and significantly higher than those in Japan (p < 0.05). The samples from
China Beijing showed a 50-fold increase in the endosulfan levels from 1993 (GM: 0.58 ngkg™' d™*) to 2009
Japan (GM: 24.91 ng kg bw™" d~?) (p < 0.05). Toxaphene was detected in 33 of 40 samples from Japan. The die-
Korea tary intake of toxaphene in Japan (sum of Parlars #26, #50 and #62) was 0.32-1.21 ng kg bw~! d~! (range

as geometric mean) and no temporal trend was observed. The dietary intake of toxaphene in Seoul
increased significantly from 0.2 ngkg bw~'d~! (GM) in 1994 to 3.6 ngkg bw~'d™" (GM) in 2007
(p<0.05). Only one of 10 pooled samples from Beijing contained a detectable level of toxaphene
(0.3 ng kg bw=" d~?). For the entire population, the risk of adverse health effects from dietary intakes
of endosulfan and toxaphene is unlikely. However, the concentrations of endosulfan in several samples
exceeded 10% of the acceptable daily intake limit value of 6 pug kg bw™"! d~' set by the World Health Orga-
nization (WHO). It appears important to refine dietary intake estimates targeting food types and source

identification to ensure safe food for consumers.
© 2011 Elsevier Ltd. All rights reserved.

the WHO and the United States Environmental Protection Agency
(USEPA) as priority pollutants (Keith and Telliard, 1979). These
chemicals occur in many environmental compartments and accu-
mulate through the food chain owing to their persistence and
semni-volatility (Saleh and Casida, 1978; ATSDR, 1990, 1991; Bur-
goyne and Hites, 1993; Weber et al., 2009).

1. Introduction

Non-occupational human exposure to organochlorine pesti-
cides is mainly attributed to past and present consumption of
foods contaminated by these chemicals (Dougherty et al., 2000;
Jiang et al., 2005; WHO, 2005; Boobis et al, 2008). In real time,

chronic exposure to these chemical contaminants and their poten-
tial subtle health effects as a consequence may not be noticed.
Endosulfan (6,7,8,9,10,10-hexachloro-1,5,53,6,9,9a-hexahydro-
6,9-methylene-2,3,4-benzodioxathiepin-3-oxide) and toxaphene
(polychlorinated 2,2-dimethyl-3-methylenebicyclo[2,2,1}heptane)
are notable examples of organochlorine pesticides classified by

* Corresponding author. Address: Department of Health and Environmental
Sciences, Graduate School of Medicine, Kyoto University, Yoshida Konoe, Sakyo,
Kyoto 606-8501, Japan. Tel.: +81 75 753 4456; fax: +81 75 753 4458.

E-mail address: koizumi.akio.5v@kyoto-u.ac.jp (A. Koizumi).

0045-6535/$ - see front matter © 2011 Elsevier Ltd. All rights reserved.
doi:10.1016/j.chemosphere.2011.02.063

The widespread use of endosulfan as an insecticide around the
world (approximately 409 000 metric tons from 1946 to 1974),
with technical formulations of o and g-isomers, has been reported
(Matolcsy et al., 1988; Weber et al,, 2009). Agricultural use of
endosulfan in Japan started in 1960 and the total shipping volume
of endosulfan from 2003 to 2007 was about 80 tons (POPRC, 2009).
An inventory report by Jia et al. (2009) documented that
25 700 tons of endosulfan was used in China from 1994 to 2004
(Jia et al., 2009). Likewise, widespread environmental contamina-
tion by this chemical has been reported in China (Li et al., 2007),
South Korea (Yeo et al., 2003) and urban Seoul (Yeo et al., 2004).
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Guo et al. (2007) reported the exposure levels to this chemical via
seafood products in China (Guo et al., 2007).

Toxaphene is a complex mixture of polychlorinated monoter-
penes and was the most heavily used insecticide to replace DDT
(Saleh and Casida, 1978). More than 1.3 million tons of toxaphene
have been applied throughout the world (Oehme et al., 1996). A re-
port on toxaphene practice indicated that this pesticide was regis-
tered in Korea (Wong et al., 2005) and China (de Geus et al., 1999).
Although toxaphene has never been registered as a pesticide in Ja-
pan (Imanishi et al., 2005; Takazawa et al., 2007). Takazawa et al.
(2007) hypothesized about the potential spread of this chemical
in Far Eastern Countries including Japan. While the possibility of
high-level contamination of toxaphene is low, since it is no longer
used, there is a concern regarding health hazards attributable to
long-term exposure to low levels of this chemical (ATSDR, 1996;
Tryphonas et al., 2000).

Although countries differ in their histories of pesticide produc-
tion, application and regulation, more importantly, changes in the
consumption patterns and the growing international trades in food
track these chemicals that could challenge global food safety. Ow-
ing to these possible changes in exposure to these chemicals over
time, the temporal and regional variations in dietary residue levels
need to be investigated. To the best of our knowledge, there are no
documented studies assessing the historical trends of these chem-
icals in China, Korea and Japan. The present study estimated the
trends of the dietary intakes of endosulfan and toxaphene in adult
populations from these selected countries across specified time
periods.

2. Materials and methods
2.1. Food sampling and preparation

The Ethics Committee of Kyoto University approved this study
and appropriate written informed consent was obtained from all

1399

the research participants. Food samples from the Kyoto University
Human Specimen Bank (Koizumi et al., 2005, 2009) were used for
the analyses.

A total of 200 duplicate 24-h food samples were collected from
Hokkaido in 1992 and 1995, Okinawa in 1992 and 1995, Kyoto in
1996 and 1997, Beijing in 1993 and 2009 and Seoul in 1994 and
2007 (Ikeda et al., 2000; Koizumi et al., 2009). Women participants
were selected purposively to examine implication for future gener-
ation. In addition, for the 2009 samples in Japan, for practical rea-
son, a 100-d meal and water supply was purchased by volunteers
from markets in Kyoto, Okinawa and Hokkaido owing to the diffi-
culty of finding individuals who often do not consume food away
from home. From the total of 300 homogenized composite food
samples, randomly selected five samples (30 g of each) were then
pooled into 60 samples, as illustrated in Fig. 1. Therefore, the food
samples from five subjects were treated as one pooled sample
weighing 150 g. The samples were stored in a glass bottles at
—30 °C until analysis.

2.2. Chemicals

The analytes investigated were a-endosulfan, g-endosulfan and
toxaphene Parlars #26, #50 and #62 (Supelco Inc., Bellefonte, PA).
13Cy-oi-endosulfan and '*Ce-p-endosulfan (Cambridge Isotope Lab-
oratories, Andover, MA) were used as internal standards for o- -
endosulfan and p-endosulfan, respectively. Cq-trans-chlordane
(Cambridge Isotope Laboratories) was used as the internal stan-
dard for toxaphene. '3Cy,-2,2',3,3',5,5',6-heptachlorobiphenyl and
13¢45-2,3,3,5,5'-pentachlorobiphenyl (Cambridge Isotope laborato-
ries) were used to monitor the recovery of the internal standards
for endosulfan and toxaphene, respectively. Acetone, hexane,
dichloromethane and sodium sulfate were purchased from Kanto
Chemical Co. Inc. (Reagents and solvents for residual pesticides test
and PCB test).

Food sampling
|
24-hr food duplicates l
\4 v v
4444 444 4544 A 100-day meal and water
China (Beijing; n=50, Korea (Seoul; n=50, Japan (Kyoto, ]
both 1993 and 2009 both 1994 and 2007 ﬁﬁiﬁo Japan; n=100 (Food
sample) sample) 2=100. 1 9190’5 purchased by volunteers,
’ 2009 sample)
sample)
| | ] |
n1=300 (total
sample both in the
1990’s and 2000’s)
Homogenization
(sample specific)

Five samples
pooled
together (30

gm from each

s
J

nz=60;
weight=150 gm

sample) .

analysis

Fig. 1. Schematic presentation of the food sampling process.
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2.3. Extraction

Composite samples (20 g) were extracted with 100 mL of 1:1
acetone/hexane (50% v/v). The extracts were filtered and the resi-
dues were extracted again with 100 mL of 1:1 acetone/hexane.
The extracts were combined and washed with 500 mL of hexane-
washed distilled water. The water layer was extracted twice with
50 mL of hexane. The organic layers were combined and washed
with 100 mL of hexane-washed distilled water. The organic frac-
tion was dried with anhydrous sodium sulfate and concentrated
to ca. 20 mL on a rotary evaporator.

A 2 mL aliquot of crude extract was spiked with internal stan-
dards and loaded on an 8 g activated florisil column (Florisil PR;
Wako Pure Chemicals, Osaka, Japan) that had been preconditioned
with 90 mL of 1:4 dichloromethane/hexane. Toxaphene was eluted
with 90 mL of 1:4 dichloromethane/hexane and spiked with *3C;5-
2,3,3',5,5'-pentachlorobiphenyl. The eluate was concentrated to
0.1 mL of decane prior to gas chromatography-mass spectrometry
(GC-MS) analysis. o + f~-Endosulfan was then eluted with 150 mL

Table 1

of dichloromethane and concentrated in the same manner as
toxaphene.

2.4. Instruments and quantification

A high resolution gas chromatography/high resolution mass
spectrometry in electron capture negative ionization mode
(HRGC/ECNI-HRMS) systemn was used, which comprised a Hew-
lett-Packard 6890 Series Gas Chromatograph connected to a Ther-
moelectron Finningan MAT-95XL (Thermo Electron Corporation,
Yokohama, Japan). The separation conditions and target ions are
shown in Table 1.

2.5. Quality control

The calibration curves used for quantification consisted of five
points covering 0.1-20ng mL™" in standard solution and were
plotted using a linear fit (r > 0.999). The method detection limits
(MDLs) were 3.0, 1.9, 3.3, 3.6 and 28 pg g~ wet weight for a-endo-

GC-MS conditions and selected ions (m/z) for the determination of endosulfan and toxaphene.

Target analytes Endosulfan

Toxaphene

Capillary column DB-17MS (J&W) 30 m x 0.25 mm (id) 0.25 um
QOven temperature
(10 min)

1.0 mL min™’

On column injection

120 °C-100 °C min~"-300 °C (10 min)

Helium gas flow
Injection method
Inlet temperature

120 °C (1 min)-20 °C min~"-200 °C-10 °C min~"-300 °C

DB-5MS (J&W) 60 m x 0.32 mm (id) 0.25 pm

120 °C (1 min)-20 °C min~'-200 °C-3 °C min~'-275 °C-20 °C min~'-
300 °C min~" (10 min)

1.0 mL min~!

On column injection

120 °C-100 °C min~"-~300 °C (15 min)

Injection volume 2uL 2ul
lonization Negative chemical ionization Negative chemical ionization
Reaction gas Methane Methane
lonizing voltage 70eV 90 eV
Interface temperature 270°C 275°C
lon source temperature 130°C 130°C

Monitor ions

Quantification Confirmation
Endosulfan 405.8140 403.8169
13C5-endosulfan 414.8436 412.8465
13C,,-#111-PeCB 337.9207 339.9178
Toxaphene Parlar #26 376.8573 378.8544
Toxaphene Parlar #50 412.8154 414.8124
Toxaphene Parlar #62 376.8387 374.8416
13¢,g-trans-chlordane 419.8254 417.8283
13C4,-#138-HpCB 407.8398 405.8428

Table 2
Demographic characteristics and average food intakes of the study participants in the 1990s and 2007-2009.
Area Year n Sex Age HSD test®  Height Weight BMI Food intake HSD test?
male/female  (yr) (cm) (kg) (gd™) (gkg bw=1d™")
Beijing 1993 25 0/25 355423 A 158727 55.0+35 218209 2249 + 408 41.0+2.6 AB
2009 25 0/25 26.5+09 B 163.8+23 69.8%35 26019 3054+365 43.8£56 A
Seoul 1994 25 0/25 378+57 A 161.7£06 56.3+39 215216 1777 £457 31720 C
2007 25 0/25 35840 A 158.5+3.1 53417 21308 2062 £ 152 387%3.1 ABC
Hokkaido 1992, 1995 35 0/35 51.7+49 C 1509+1.6 545%22 240212 2249+£274  41.3#£57 AB
2009 35°  NA. NA - N.A. N.A. N.A. 1901 £ 161 37.3+3.2 ABC
Kyoto 1996, 1997 30 0/30 215+04 B 1584+13 50742 202+18 1740+£335 344164 BC
2009 30°  NA. N.A. - N.A. N.A. N.A. 1575+73 30914 C
QOkinawa 1992, 1995 35 15/20 494+44 C 155.14£6.8 61.8+47 25718 2614%433 424%65 AB
2009 358 NA. N.A. - N.A. N.A. N.A. 1845+137 363%27 ABC

BMI: body mass index; N.A.: not applicable because of differences in the sampling methods.

Data are presented as the mean + standard deviation.

a Means with different letters differ significantly (p < 0.05, Tukey-Kramer HSD test). For example, the letters A and B indicate that the corresponding values differ
significantly at p < 0.05, while A and AB or AB and B indicate that the corresponding values do not differ.

b Food samples were collected by five volunteers.
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sulfan, g-endosulfan and toxaphene Parlars #26, #50 and #62,
respectively.

Procedural blanks were processed in parallel to every batch of
seven samples to check for interference or contamination by sol-
vents and glassware. There were no detectable residues in any of
the procedural blanks (n =9).

The recovery rates (mean +standard deviation) of *Cg-a-
endosulfan, '3Ce-g-endosulfan and '3Co-trans-chlordane were
114.2 £ 14.3%, 108.3 +38.4% and 105.0 + 5.7%, respectively.

2.6. Exposure estimations

A duplicate portion technique was employed to collect food
samples. To calculate the actual dietary intakes of endosulfan
and toxaphene, the following equation was used:

Q=) Cx D (1)

where Qx is the total dietary intake of chemical x per d (ng kg
bw~1d™"), Cx is the residue level of chemical x (endosulfan or tox-
aphene) in the food composites (pg g~7), i is the congener or isomer
and D is the daily food consumption level (g kg bw=d~1).
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For the 2009 food samples from Japan, the average weight of a
Japanese female was used for the exposure estimation, The esti-
mates were based on the 95th percentile of the daily exposure.
The estimated intake values were then compared with the accept-
able daily intake/tolerable daily intake (ADI/TDI) value of that
chemical. We used an ADI value of 6 ug kg bw~! d~? for endosulfan
set by the FAO/WHO (Lu, 1995) and an AD] value of 0.2 pug kg
bw~1d~? for toxaphene set by the USEPA.

2.7. Data analysis

Data values below the MDL were assumed to have concentra-
tions equal to one-half of the MDL for calculating summary statis-
tics and performing statistical comparisons, except for toxaphene
Parlar #62. For values where the proportion of non-detects was
small, particularly for endosulfan (10/60 non-detects), the incorpo-
ration of these values was assumed to have limited influence on
the purpose of our study. However, the non-detect value for Parlar
#62 was critical (59/60 non-detects) and we equated it to a zero
value, considering the high detection sensitivity of our method
and the consistent non-detect values across all groups. All statisti-

Table 3
Levels of endosulfan isomers in the composite food samples and dietary intakes.
Year (No. of pooled o-Isomer f-Isomer Total (ngd™") Total HSD test®  Intake/TDI
diets) (pggfw™) (ngkg bw™1d™") (%)
Beijing 1993 (n=5) Range (n>MDL) <3.0-24.2 (3) <1.9-34.1 (3) 5.5-131.1 0.1-2.3 0.02-0.4
Mean + SD 12.5+104 16.1+14.8 64.1+56.3 1.20% 1.0 02+0.2
GM (GSD) 7.0 (4.1) 6.8 (6.1) 31.6 (5.0) 0.6 (5.2) A 0.1(5.2)
P95 estimate 71.0 133.0 438.0 8.60 14
2009 (n=5) Range (n>MDL)  180.5-269.3 (5) 288.4-475.3 (5) 1459.5-2242.0 19.2-33.0 3.2-55
Mean + SD 218.4+412 365.5+92.5 1755.6 £296.3 253+50 421038
GM (GSD) 215.4(1.2) 356.5 (1.3) 1737.0 (1.2) 25.0 (1.2) B 4.2 (1.2)
P95 estimate 292.0 5344 2259.0 34.00 57
Seoul 1994 (n=5) Range (n>MDL) 372.2-544.2 (5) 427.5-1149.1 (5)  1421.0-2999.0 25.6-54.5 43-9.1
Mean + SD 461.6+£76.8 811.4+316.8 2262.3 £696.4 40.0+11.2 67+19
GM (GSD) 456.5 (1.2) 759.3 (1.5) 21744 (1.4) 39.0 (1.3) B 6.4 (1.3)
P95 estimate 600.0 1504.0 3664.0 62.00 104
2007 (n=5) Range (n>MDL)  170.0-7980.0 (5) 170.7-9304.2 (5) 770.0-36 736.5 13.9-714.7 2.3-119.1
Mean + SD 2406.0£3198.0 2817.2+3745.0 10775.0£14828.7 206.5+289.5 34.4+482
GM (GSD) 1124.0 (4.3) 1262.0 (4.6) 4916.0 (4.3) 92.0 (4.4) B 15.4(4.4)
P95 estimate 12 419.0 15 492.0 54 286.0 1050.00 175.0
Hokkaido 1992, 1995 (n=7) Range (n>MDL) <3.0-77.2 (6) <1.9-156.3 (6) 5.4-446.1 0.1-7.7 0.01-13
Mean *+ SD 23.8+25.1 36.4+53.7 128.0 + 148.5 23+26 0404
GM (GSD) 14.6 (3.3) 16.5 (4.5) 70.3 (3.8) 1.3 (3.8) A 0.2 (3.8)
P95 estimate 104.0 197.0 641.0 11.40 2.0
2009 (n=7) Range (n>MDL) 12.1-31.2 (7) 12.5-29.1 (7) 47.9-98.1 0.9-1.9 0.2-0.3
Mean + SD 19.0+6.4 20.2+6.1 75.4+224 1.5+04 02+0.1
GM (GSD) 18.2 (14) 19.5(1.4) 723 (1.4) 1.42 (1.4) A 0.2(1.4)
P95 estimate 30.0 320 121.5 240 04
Kyoto 1996, 1997 (n=6) Range (n>MDL)  <3.0-44.0 (4) 9.7-29.7 (6) 17.8-150.0 0.36-2.94 0.1-0.5
Mean +SD 18.9+15.0 175481 653 +46.9 1.29+0.92 02+02
GM (GSD) 12.6 (3.2) 15.9 (1.6) 527 (2.1) 1.04 (2.1) A 0.2(2.1)
P95 estimate 86.0 344 175.0 3.40 0.6
2009 (n =6) Range (n>MDL) <3.0-38.9 (4) 7.6-26.9 (6) 14.1-97.3 0.3-1.9 0.05-0.3
Mean * SD 15.6+12.6 16.6+6.6 50.2+27.0 1.0+05 0.2+0.1
GM (GSD) 11.0 (2.9) 154 (1.5) 43.5(1.9) 09 (1.9) A 0.1 (1.9)
P95 estimate 64.3 31.2 1223 2.40 04
Okinawa 1992, 1995 (n=7) Range (n>MDL)  <3.0-49.8 (5) 7.8-50.5 (7) 20.4-293.1 0.3-44 0.1-0.7
Mean + SD 16.1+£16.3 21.0+14.9 104.5+95.6 1.6+14 03+0.2
GM (GSD) 9.1 (3.7) 17.4 (1.9) 72.0(2.7) 1.2 (2.6) A 0.2 (2.6)
P95 estimate 79.1 50.7 356.0 5.60 1.0
2009 (n=7) Range (n>MDL)  <3.0-26.9 (6) 9.2-21.2 (7) 20.0-81.5 0.4-1.6 0.1-0.3
Mean = SD 13.4+74 151242 52.2+186 1.0+04 02+0.1
GM (GSD) 10.6 (2.5) 14.6 (1.3) 48.7 (1.6) 1.0 (1.6) A 0.2 (1.6)
P95 estimate 47.1 234 100.0 2.00 03

MDL: method detection limit; SD: standard deviation; GM: geometric mean; GSD: geometric standard deviation.
P95 estimates were calculated by multiplying the GM by the GSD to the power of 1.64.

* GMs with different letters differ significantly (p < 0.05, Tukey-Kramer HSD test). For example, the letters A and B indicate that the corresponding values differ signifi-
cantly at p < 0.05, while A and AB or AB and B indicate that the corresponding values do not differ significantly.
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cal analyses was performed using JMP (Version 4; SAS Institute
Inc., Cary, NC, USA). The mean, range and geometric mean (GM)
were calculated. Since there was a large variation in the concentra-
tions of toxaphene and endosulfan among the groups, the values
were log-transformed and differences between the mean values
were tested by the Tukey-Kramer honestly significant difference
(HSD) test after ANOVA. Residue intake based on the upper 95th
percentile limits were calculated by multiplying the GM by the
geometric standard deviation (GSD) to the power of 1.64, according
to a log-normal distribution. Correlations were tested by Spear-
man’s rank correlation coefficient. Differences were considered to
be statistically significant at p < 0.05.

3. Results and discussion
3.1. Characteristics of the study participants and pooled sample

A total of 300 samples were collected from the five study sites,
as indicated in Fig. 1 and Table 2. A food duplicate sample tech-
nique was used to collect the samples, except for the 2009 samples
from Japan. The Japanese samples from 2009 were purchased in
markets by volunteers, and we assumed average body weight of fe-
male aged 26-29 in 2007 in Japan (50.9 kg, National Health and
Nutrition Survey in Japan). Apart from a few subjects (n=15) in
Okinawa, all the other participants were females. The mean
(£SD) age of the participants was 36.5 £ 11.5 years. There were sig-
nificant differences in the mean ages between time periods in Bei-
jing (p < 0.05, Tukey—Kramer HSD test) and these subjects from
2009 appear to be obese (BMI > 25). Food consumption variation
was observed among individuals in the groups, which might be a
reflection of differences in age, weight and financial situation.
These factors may have influenced the choice and amount of food
that the subjects consume. However, the intake estimation based
on the chemical residues in the food that the subject eats can min-
imize the introduction of errors, which is a characteristic advan-
tage of the approach used in this study (Hamilton and Crossley,
2004).

Fat content was measured and comparisons were made be-
tween time periods because POPs are commonly lipophilic and
considered as major source of dietary intake (Fisk et al., 1999). Be-
tween time periods, the differences were within twofold's. Among
three countries, China had higher fat content (3.90%) in 2009; how-
ever, this figure was not consistent with the temporal changes in
the intake of endosulfan.

3.2. Trends of endosulfan in the daily consumed food samples

The total detection frequencies of o~ and g-endosulfan were
83.3% and 95%, respectively (Table 3). f-Endosulfan was found at
relatively high concentrations, which supports the idea that this
isomer is more persistent (Sutherland et al, 2004; Berntssen
et al., 2008).

The profile of total endosulfan in both time periods in this study
was highest in Seoul with a detection frequency of 100% (n=10).
The GMs of the o- and p-isomer concentrations were 1124 and
1262 pgg~! in the pooled food composites from Seoul in 2007,
respectively. The GMs of the dietary intake of endosulfan in Seoul
were 39 ng kg bw~! d~" in 1994 and 92 ngkg bw~' d~! in 2007,
and significantly higher than those in Japan (p < 0.05, Tukey-Kra-
mer HSD test). The samples from Beijing showed a 50-fold increase
in the level of endosulfan from 1993 (GM: 0.6 ng kg bw~1d™") to
2009 (GM: 25 ng kg bw~! d~) (p < 0.05, Tukey-Kramer HSD test).
Among the three areas in Japan, there were no differences in the
dietary intake of endosulfan in both time periods (p > 0.05, Tu-
key-Kramer HSD test). Fig. 2 shows log-transformed endosulfan

and toxaphene levels in food composite samples where 95% of
the values lie inside the boundary of the ellipse. From the figure,
it is of interest to note similar increasing pattern of endosuifan in
Beijing and Seoul, while a decreasing trend was observed in Japan.

Endosulfan intake in Japan showed a gradual decrease, which
may result from reduced agricultural consumption in the country
(POPRC, 2009). However, the daily intakes of endosulfan showed
increasing trends in Seoul and Beijing by twofold and an order of
magnitude in the GMs, respectively. Liu et al. (2010) reported a de-
tected mean endosulfan level of 1.5ngg™! with variation from
non-detects to 13.1 ng g”! in fish samples in Northeastern China.
These figures are likely to show high exposure via sea food con-
sumption in the country. The detection of endosulfan in this region
was replicated in another study (Guo et al., 2007). In the present
study, the significant rise observed in Beijing was in agreement
with the endosulfan production history, following its production
in 1994 and agricultural application in the country (Jia et al,
2009). Therefore, more importantly, agricultural use could explain
the increasing trend. Likewise, Wang et al. (2007) determined high
levels of endosulfan in other environmental media in the North-
eastern part of Beijing where agricultural land existed.

On the other hand, the concentrations (GM * GSD) in both Bei-
jing (1737.0+1.2ngd™") and Seoul (491643 ngd~') were
above the 130ngd~" value in New Zealand (Thomson et al,
2003). China, Korea and New Zealand had been among the
remaining users of endosulfan. The food trade between these
countries and the Korean reliance on food imports along with
the continued use of endosulfan could be another possibility that
may somewhat explain the food safety issue. Since food trade
partner countries have usually different histories of pesticide
use, evaluation of the residue levels and contributions of im-
ported foodstuffs is also worth considering. The variation in con-
centrations among the pooled samples could also suggest another
possibility that individual food types have different contributions,
meaning that some groups of people with selective food prefer-
ences may be exposed to acutely high-dose.

High levels of endosulfan detection were also reported in Tai-
wan (Doong et al., 1999), whereas residues of both the o~ and -
isomers were not detected in any samples in Jordan (Ahmad
et al,, 2010). The estimates in Beijing in 2009 and Seoul in both
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Fig. 2. Plot of the log-transformed endosulfan and toxaphene levels in food
composite samples the 1990s and 2000s. Overall, 95% of the values lie inside the
boundary ellipse.



