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Thiswork reportsthe method for determining organochlorine pesti-
cides in human serum and evaluate the accumulation level of organo-
chlorine pesticidesin non-vocationally exposed residentslived at Harbin
city, PR. China. The blood sampleswere treated with ultrasonic, purified
by C,s solid phase extraction column and tested with the capillary columns
gas chromatograph equipped with ECD detector. The recovery of ten
kinds of organochlorine pesticides in human serum were 84.2-92.1 %.
The relative standard deviation of the method was 2.61-14.4 %, linearity
range at 0.2-50.0 pg/L. The range of detection limit were 0.02-0.05 ng/
mL and the correlation coefficient were r > 0.999. Of the 220 people
investigated, 60 % were detected with different serum levels of organo-
chlorine pesticides (range: 0.012-32.107 pg/L). The detection rate was
58.1 and 61.7 % in male and female, respectively. The serum level of
accumul ated organochlorine pesticides of non-vocationally exposed resi-
dentsin Harbin were higher in femal e than that in male. However, both
of them arein lower level of accumulated organochlorine pesticides.

Key Words: Organochlorine pesticides, Serum, Gas chromatogr aphy,
Incretion interferential substance.

INTRODUCTION

Organochlorine pesticides as persistent organic pollutants are aexterior, semi-
volatile and toxic chemical swhich may cause hazardsto the environment and human
health. Organochlorine pesticides chronically consist in environment and it is very
difficult to degrade them through physical, chemical or biological ways, whereas,
easy to accumulate in organisms through the food chain®3. Generally, the residue
of arganochlorine pesticides and metabolites have alow level in the environment.
However, concentration in organism would beincreased by thousands times highly
in blood or fat through food chain accumulation®. By disturbing hormone's secretion,
synthesis, transportation and combination as well as the biological effects of
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organisms, organochlorine pesticides are chemical contaminants with character of
causing abnormal incretion leading to the changes or damages of reproduction,
development and behaviour®”. Although the production of organochlorine pesticides
were inhibited all over the world in the early of 1970s. The incidence of hormone-
dependent organ cancers, such as galactophore, ovary, prostate and spermary cance,
have evidently moved up recently by 2-3 times, which were likely to be related to
environmental chemical contaminations®®. Thus, it is very important to know how
to be accumulation and consequence supervene harms of organochlorine'®*,
Thereby, the content in blood and fat in human body can indicate the exposing level
to the pollutant so that we may determine the relations between exposing level and
risk of cancer occurrence.

In the study, temperature-programmed capillary columns gas chromatography
with electron capture detector was used to determine the residue of organochlorine
pesticides in blood of non-vocational exposed residents of Harbin, PR. China.

EXPERIMENTAL

Gas chromatograph GC-2010 with electron capture detector and GC-solution
chromatograph workstation were purchased from Shimadzu Corporation (Japan).
XK96-A vortex oscillator was bought from JiangSu (Ching). Ultrasonic wave oscillator
and TD-4A centrifuge came from YingTa instrument plant (ChangSha, China).
HSE-12 solide phase extractor, Cis solid phase extraction column and HGC-12
Nitrogen purging instrument came from HengAo corporation (Tianjin, China).
Acetone, n-hexane, methanol were guaranteed reagent (GR) grade. Standard materials
of organochlorine pesticides (purity: = 99 %): heptachlor, Aldrin, 3-chlordane,
o-chlordane, dieldrin, p,p'-DDE, Endrin, o,p'-DDT, p,p’-DDD and p,p'-DDT were
bought from National Center for Standard Part (Beijing, China). The blank serum
(The blank serum is that there are not the organochlorine pesticides in the serum)
was bought from Changzheng company (Shanghai, China). Preparation of standard
solution: dissolve 1.0 mg standard organochlorine pesticidesinto 100 mL volumetric
flasks respectively with n-hexane to a fina concentration of 0.1 pg/mL in each
stock solution. The stock solutions were diluted into different concentrations using
n-hexane.

Chromatograph column was DB-5 quartz elastic capillary column, 30 m x 0.25 mm
x 0.25 um and highly pure nitrogen was used as carrying gas. The column temperature
increasing procedure: theinitial temperature of 185 °C was held for 1 min and then
increased to 230 °C at arate of 5 °C/min and held for 2 min. The temperature of
vapourizer and detector was 260 and 300 °C, respectively; tail-blowing gas flow
rate: 30 mL/min; column flow rate: 1 mL/min; column pressure: 120 Kpa, the split
ratio was 50:5. Injection volumewas 1 L.

General procedure: Three hundred residents have been chosen randomly for
investigation from October 2006 to May 2007 from the Second Affiliated Hospital
of Harbin Medical University, Harbin, PR. China. All were investigated to have
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requirements of 21-60 years old, be lived in Harbin for over 20 years, except from
exposing experience to organochlorine pesticides and others relating diseases of
vocations. A totally of 220 qualified residents, 115 female and 105 male, aging
from 21 to 60, with the average age of 48.2, were chosen from 300 residents. Re-
garding the occupation of the subjects, they are 86 civil servants, 54 workers, 21
teachers and 59 retired persons. However, they are 57 of them smoke cigarette and
109 drink alcohol. 21 Persons had high blood pressure and 17 female underwent
abortion. One hundred and fifty four subjects are Harbin permanent residents and
66 are immigrant.The volunteers were divided into 4 groups according to age, 21-
30, 31-40, 41-50 and 51-60, respectively. Five mL of vein blood were donated by
each volunteer, poured into 10 mL test glass tubes containing EDTA anticoagulant
and then kept them at -20 °C until analysis. Blood sample was centrifuged (2500
rpm/min, 20 min), 2.0 mL of serum were transferred to a50 mL colorimetric flask.
After added 10 mL of acetone, the blood sample was mixed with vortex oscillator,
extracted for 0.5 h with ultrasonic oscillator, laid aside over night and the supernatant
was removed after centrifugation (3000 rpm/min, 10 min). The residue was added
10 mL of acetone, centrifuged and the supernatant was also collected. The same
procedure was repeated twice. All the supernatant was transferred into the rotary
evaporator until residuewasless 1 mL under water bath at 65 °C, 0.1 Mpavacuum.
2 mL of ethyl acetate-cyclohexane (1:1, v/v) were added to extracte the organochlorine
pesticide. The same procedure was repeated for three times. The ethyl acetate-
cyclohexane top layer was transferred into an injection vial, evaporated to dryness
under a gentle stream of nitrogen and then redissolved in 1 mL n-hexane. The
dissolved solution was purified on the C,5 solid phase extraction column which was
activated with 1 mL of methanol and 1 mL of deionized water. After organochlorine
pesticideswereretained on the sorbent and subsequently eluted by 1 mL of n-hexane.
The eluate was collected in Eppendorf tubes and evaporated to dryness under a
steam of nitrogen and resuspended in 100 mL of n-hexane. 1 YL of each solution
was injected onto the GC column.

Detection method: Ten varieties of organochlorine pesticide stock solutions
were mixed with blank serum respectively to prepare 6 mixed standard solutions
with concentration that the concentration gradient was from 0.5 to 10 pg/L, respec-
tively. The samples prepared and chromatograph condition were the same procedure
as sample collection and preparation mentioned above. Injection volume of each
samplewas 1 pL. Theresultswere analysized by GC solution chromatograph work-
station software taking the peak area as the x-coordinate and the concentration as
the y-coordinate. The calibrations were made.

One microliter of sample solution was injected into chromatographic column
under the same as the procedure mentioned above. The relative retention time for
each sample was determined and external standard method were used for quantitive
analysis.
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The data were expressed mean + SE Statistical analysis were performed using
SPSSversion 10.0 (Harbin, China). Differences between means were analyzed for
significance using the one-way ANOVA test. Differenceswere considered significant
at p < 0-05.

RESULTSAND DISCUSSION

The chromatographic conditions used in the developed method provided an
excellent separation within ca. 20 min. Fig. 1 showsthe standard chromatogram of
ten organochlorine pesticides.
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Fig. 1. Standard chromatogram of ten organochlorine pesticides
1. Heptachlor; 2. Aldrin; 3. 3-Chlordane; 4. a-Chlordane; 5. Dieldrin;
6. p,p'-DDE; 7. Endrin; 8. o,p'-DDT; 9. p,p'-DDD; 10. p,p'-DDT

Fig. 2 shows the chromatogram of blood samples. The concerned elements
were completely separated from endogenous substances in the blood samples.
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Fig. 2. Chromatogram of blood samples
1. Heptachlor 7.817; 2. Aldrin 8.863; 3. p,p’-DDE 12.388
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Under the chromatographic conditions in this study, based on the method of
setting up standard curve as described above, linearity dataare summarized in Table-1.
The samples from mixed standard of 10 organochlorine pesticides presented
favourable linear relationship within the concentration range of 0.2-50.0 pg/L (Table-1).
A satisfactory linearity is observed, asindicated by the correl ation coefficients that
range from 0.9991 to 0.9999. Due to different chemical structure and electro-
negativation, the responding value and minimum detection limit of different element
displayed on ECD were different.

TABLE-1
THE EQUATION, THE CORRELATION COEFFCIENT AND
THE DETECTION LIMIT OF TEN ORGANOCHLORINE PESTICIDES

Compounds Equation ogggg Ztrlmto?r) Dete(Ctu;E)l imit
Heptachlor y =1273.27x + 434.90 0.9999 0.02
Aldrin y =979.41x - 53.64 0.9996 0.03
B-Chlordane y =1218.70x + 229.41 0.9997 0.03
o-Chlordane y = 1481.46x + 71.64 0.9991 0.02
Dieldrin y = 885.89x + 187.86 0.9997 0.04
p,p-DDE y =1081.97x + 102.74 0.9997 0.03
Endrin y = 895.41x + 73.62 0.9998 0.03
o,p-DDT y = 780.54x - 47.81 0.9997 0.03
p,p-DDD y=937.04x - 21.34 0.9996 0.05
p,p-DDT y = 831.82x + 8.50 0.9998 0.04

The precision and accuracy studies were conducted by spiking the blank serum
samples,with three known concentrations: 5.0, 20.0 and 40.0 pg/L. The recovery
was determined by 6 replicates of samples. The precision of instrument was also
calculated by 6 replicatesinjection of organochlorine pesticide at 0.5 pg/L. Precision
and accuracy data are presented in Tables 2 and 3.

Tables 2 and 3 showed that the relative standard deviations (RSD) of residue
were 2.61-14.4 %, precisions were 5.80-12.6 % and the recovery rate were 84.2-
92.1 % + 6.61, which were in conformity with the international analyzing quality
requirements of WHO/UNEP AND AOQA.

Samples analysis of investigated population: We divided the investigated
volunteersinto 4 groups according to age, 21-30, 31-40, 41-50, 51-60, respectively.
The serum samples were treated according to the method as described above. The
concentrations of 10 organochlorine pesticides were determined under the optimal
separation conditions, with the detection rate of organochlorine pesticides of all
age groups as listed in Table-4.

In Table-4, serum organochlorine pesticides were tested positive in 132 persons
from 220 subjects and the detection rate was 60.0 %. Heptachlor, adrin, dieldrin
and endrin were detected in serum from 43 persons, with detection rate 19.5 %.
[3-Chlordane and a-chlordane were not detected in the serum. The serum samples
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TABLE-2
EXPERIMENT ON THE PRECISION OF 10 ORGANOCHLORINE PESTICIDES (n = 6)
Adding level Mean X +S Instruments
Compounds (/L) (uglL) RSD (%) RSD (%)
5.0 457+ 052 11.3
Heptachlor 20.0 16.6+ 1.38 8.32 101
40.0 34.2+0.89 2.61
5.0 434+ 022 5.06
Aldrin 20.0 17.2+0.82 4.79 10.6
40.0 33.8+1.80 5.33
5.0 427+0.17 4.03
B-Chlordane 20.0 182+ 113 6.21 6.67
40.0 34.0+1.32 3.89
5.0 4.05+0.42 10.3
o-Chlordane 20.0 17.2+£0.82 4.76 5.80
40.0 34.3+172 5.02
5.0 4.04+0.49 12.2
Dieldrin 20.0 185+ 0.79 4.26 9.50
40.0 345+1.30 3.78
5.0 507+054 10.6
p,p'-DDE 20.0 18.0+ 1.03 571 124
40.0 A46+171 4.93
5.0 4.79+ 0.69 144
Endrin 20.0 17.7+0.95 5.40 104
40.0 34.6+1.86 5.39
5.0 430+ 043 10.0
o,p-DDT 20.0 17.6 £ 0.90 5.14 104
40.0 33.7+1.97 5.85
5.0 4.38+0.15 3.38
p,p'-DDD 20.0 17.8+0.63 352 111
40.0 345+ 166 4.82
5.0 4.80+0.45 9.31
p,p-DDT 20.0 18.0+ 0.90 5.00 9.30
40.0 34.8+1.99 571

of 125 were detected to have DDT and the detection rate was 56.8 %. In addition,
there was a positive correlation between age and serum organochlorine pesticides
level. With the growing up of age, the content of organochlorine pesticidesin human
body increased.

Table-5 showed that the concentration range of organochlorine pesticides and
itsmeans. As shown in Table-5, thelowest concentration of 0.012 pg/L occurred in
dieldrin and adrin. The highest concentration was 32.1 and 29.3 ug/L ino,p'-DDT
and p,p'-DDT, respectively.

The correlation between gender and serum organochlorine pesticides|evel was
listed in Table-6.
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TABLE-3
AVERAGE RECOVERY RATE OF 10 ORGANOCHLORINE PESTICIDES
WITH DIFFERENT CONCENTRATIONS (n = 6)

Compounds Conc(:ﬁg/nrl_a;tlons Recovery rate (%) X+S (%)
50 1053 826 777 98 931 901

Heptachlor 20.0 886 940 778 757 802 87 867773
40.0 842 846 87 89 8.3 890
50 874 807 9.7 836 8.2 925

Aldrin 20.0 870 869 840 774 886 908 857+4.38
40.0 767 836 831 8.9 827 892
50 827 843 8.5 807 8.0 892

B-Chlordane 20.0 9%.7 971 872 85 903 937 87.1+490
40.0 842 824 813 867 846 905
50 710 799 917 716 852 865

a-Chlordane 20.0 858 839 869 794 895 908 84.2+6.06
40.0 789 834 86 85 871 917
50 717 794 90 683 850 853

Dieldrin 20.0 26 939 921 80 H6 963 85+774
40.0 829 862 837 875 80 919
50 1121 885 91.8 1113 952 1108

p,p'-DDE 20.0 931 944 862 819 887 946 921+948
40.0 786 8.6 8.7 830 900 900
50 815 958 1159 800 1015 999

Endrin 20.0 829 847 903 847 923 946 902915
40.0 875 867 805 80 824 938
50 803 865 948 718 929 898

o,p-DDT 20.0 8.6 899 872 801 892 936 860x6.11
40.0 841 812 805 862 804 932
50 888 84 84 831 921 8/5

p.p'-DDD 20.0 8.3 878 8.0 858 931 927 87.7+346
40.0 803 845 861 870 870 932
50 1070 928 807 964 1018 967

p,p-DDT 20.0 930 954 864 835 888 925 91.0+7.13
40.0 804 830 863 916 830 934

TABLE-4
DETECTION RATE OF ORGANOCHLORINE PESTICIDES OF ALL AGE GROUPS
Detection rate (%)

Age  QUAYY | techior Aldrin Dieldrin PP Endin 2B~ PPO PP
21-30 49 6.1 4.1 6.1 6.1 20 82 41 82
31-40 51 7.8 19 19 7.8 19 9.8 117 15.6
41-50 68 44 59 59 13.2 29 13.2 13.2 16.2

51-60 52 5.8 7.7 7.7 16.2 5.8 19.2 32.7 30.8
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TABLE-5
CONCENTRATION OF ORGANOCHLORINE
PESTICIDES IN 220 BLOOD SAMPLES (ug/L)

Compounds Means Geometric means Range
Heptachlor 0.243 0.325 0.046-0.720
Aldrin 0.063 0.072 0.012-0.104
Didldrin 0.117 0.086 0.012-0.398
p,p'-DDE 1.106 0.092 0.723-8.290
Endrin 0.049 0.037 0.026-0.082
o,p-DDT 6.570 5.620 1.260-32.107
p.p'-DDD 2.890 2771 0.970-17.820
p,p-DDT 4530 4043 0.820-29.301

TABLE-6
DETECTION RATE OF ORGANOCHLORINE PESTICIDES IN MALE AND FEMALE
Detection rate (%)
Gender - Quantity Heptachlor Aldrin Dieldrin BBE Endrin BBT SSD [F;ST
Male 105 4.8 38 4.8 114 29 133 114 14.3
Female 115 7.0 6.1 6.1 139 35 12.2 16.5 20.0

Table-6 showed that the detection rate in female was higher than that of male.

Organochlorine pesticides are organic compounds with properties of stability,
long half-life, slow-degrading, being heat-resistant and acid-resistant, undissolved
in water, strong lipophilic and easy to dissolve in organic solvent’. Therefore, they
may exist for along time at ecosystem such as water, soil, etc. Because of globally
transferring with the property of semi-volatility at the symbol of saturated steam
pressure, they degrade slowly in the environment. They accumulate in human food
chain, causing harms to biology with high alimentation level®’. When entered a
living body, they tend to combine with protein and/or fat of the blood and form
stable compounds, which cause great problem to the extraction and clean up by
blood. It is hard to extract organochlorine pesticides from blood sample by using
organic solvent such asligarine, n-hexane, etc. Generally the recovery rateisbelow
50 %. However, acetone was taken as asolvent in this study. Blood specimenswere
extracted by ultrasonic and kept still overnight for concentrating. By changing the
polarity of extracting solvent, samples were re-extracted with acetate-cyclohexane
for further concentrating. After the sedimentation of polar substance, higher
extracting efficiency was obtained. The samples were purified by C;s solid phase
extraction column and eluted with n-hexane, which helps to eliminate any other
interferential substances. Thus, asimple, fast, exact and reliable method to inspect
and test organochlorine pesticidesin human blood was established and the level s of
accumulation of organic pesticides of non-vocationally exposed populationin Harbin
were monitored and analyzed.
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Organochl orine pesticides show the estrogen-like effect and if enter in the body,
it will interfere with the release, transport, metabolism of the endocrine substances
and activate or inhibit the endocrine system. Thus, the body was out of control and
the homeostasis was undermined. Organochlorine pesticides not only increase the
risk of breast cancer in women, but al so stimulate breast cancer MCF-7 cell prolifer-
ation and the expression of P53™. Moreover, organochlorine pesticides are hepato-
toxicity because they could easily passthrough the cell membrane, wherethey play
as a ligand and combine to the transcription factor aryl hydrocarbon receptor.
Research on the rel ationship between serum concentrations of organochl orine pesti-
cides and their isomers with galactophore cancer shows that the detection rate of
organochlorine pesticidesin latex getsto 87 % high, mostly DDT, which hasrelation
with the concentration potential and metabolizing of organochlorine pesticides in
organism with higher level of food chain®’. The excreting ability of organochlorine
p,p'-DDT in body is relatively weak. Daily excretion only equals to 1 % of what
was taken. Therefore, organochlorine p,p’-DDT showed a comparatively strong
accumulating effect in organism of higher level in food chain.

Resultsin this study showed that the detection rate of organochlorine DDT in
the sel ected popul ation was the highest, which is56.8 %. All the four organochlorine
pesticides were detectabl e (Table-5) and the geometric meansare: o,p’-DDT > p,p'-
DDT > p,p'-DDD > p,p'-DDE. Detection rate of female is 62.6 %, with the highest
content of concentration 32.1 pg/L, which was almost in conformity with the results
of other reports'®*,

In this study, organochlorine pesticides, such as heptachlor, aldrin, dieldrin and
endrin, were found in the serum of normal population. The detection rate of hepta
chlor was up to 5.9 % and the ratein female was 7.0 % which is higher than that in
male and its highest content was 0.72 pg/L, geometric mean was 0.325 pg/L; the
minimum detection rate for endrin was 3.2 % and the highest content was 0.082 ug/L,
3.5%infemaleand 2.9 % in male. So more concerns should be paid to thelong-term
health effects of the accumulation of organochlorine pesticidesin female.

It is also found that there was a positive correlation between age and serum
organochlorine pesticides level. The content of organochlorine pesticidesin human
body hasthe trend of increasing along with the growing up of age (Table-4), which
may be related to the accumulating property and long half-life of organochlorine
pesticides. Organochlorine pesticides enter into body through food chain. They are
easy to combinewith fat or fatty tissues. The content of concentration will increase
along with the growing up of age, which is more significant in female. Previous
studies also supported present results®. Thus, it may be presumed that ageis an
indicator for predicting the exposure level of organochlorine pesticides and evalua-
ting the impact on health in female.

DDT was once largely produced and used from 1960s to 1980sin China, total
accumulative quantity about 400,000 tons, up to 20 % of international production.
Though DDT was forbidden to use in China at the middle of 1980s, compared to
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developed countries, we still prolonged using them for 10 more years?%. DDT
mainly accumulatesin fatty tissue of human body, while not so much in blood. The
content of DDT in blood isabout 1/100 of that in fatty tissue**®. However, it is not
easy to obtain human body'sfatty tissue, whereas, blood may reflect the contaminant,
that iswhy we sel ected blood samplesin this experiment. Detection rate of DDT in
non-vocational exposed popul ation in Henan Chinaduring the period of 1979-1980
was 96.34 % with average content of 60.3 pg/L, which was evidently higher than
that of developed countries at the same period. It was a so higher than the results of
present study, which showed that the forbidden use of organochlorine pesticides
has had effect in China.

There has been many research work are reported on serum concentrations of
organochlorine pesticides and their relationship with diseases such as cancer. DDT
was mainly studied, while there is limited information on heptachlor, chlordane,
aldrin, dieldrin, endrin, etc., which are persistent organic pollutantsthat are forbidden
to use as described in * Stockholm Treaty’ .

Conclusion

In this study, we provided afast detecting method to determine organochlorine
pesticides in blood sample as well as the basic data indicating that they accumu-
lated in human body.

ACKNOWLEDGEMENT

The authors thank the Second Affiliated Hospital of Harbin Medica University
for providing the blood samples.

REFERENCES

L.M. Rios, C. Moore and PR. Jones, Marine Pollut. Bull., 54, 1230 (2007).

K. Weber and H. Goerke, Chemosphere, 53, 667 (2003).

A.T. Fisk, G.A. Stern, K.A. Hobson, W.J. Strachan, M.D. Loewen and R.J. Norstrom, Marine
Pollut. Bull., 43, 93 (2001).

Zh.T. Liu, Res. Environ. <ci., 18, 93 (2005).

JA. McLachlan, E. Simpson and M. Martin, Clin. Endocrinol. Metab., 20, 63 (2006).

O. Tsutsumi, Seroid Biochem. Mal. Biol., 93, 325 (2005).

S.M. Chai, S.D. Yoo and B.M. Lee, Toxicol. Environ. Health B Crit. Rev., 7, 1 (2004).

X.M. Liu and X.M. Yang, Occupation and Health, 11, 1926 (2006).

M.H. Ha, D.H. Lee and D.R. Jacobs, Environ. Health Perspect., 115, 1204 (2007).

J.G. Brody and R.A. Rudel, Environ. Health Perspect., 111, 1007 (2003).

M. Boas, U. Feldt-Rasmussen, N.E. Skakkebaek and K.M. Main, Eur. J. Endocrinal., 154, 599
(2006).

N. Codru, M.J. Schymuraand S. Negoita, Environ. Health Perspect., 115, 1442 (2007).

J. Maervoet, G. Vermeir, A. Covaci, N. Van Larebeke, G. Koppen, G. Schoeters, V. Nelen, W.
Baeyens, P. Schepens and M.K. Viaene, Environ. Health Perspect., 115, 1780 (2007).

E.M. Ward, P. Schulte, B. Grajewski, A. Andersen, D.G. Patterson Jr., W. Turner, E. Jellum, JA.
Deddens, J. Friedland, N. Roeleveld, M. Waters, M.A. Butler, E. DiPietro and L. L. Needham,
Cancer Epidemiol. Biomarkers Prev., 9, 1357 (2000).

15. A.P.Hoyer, T. Jorgensen, JW. Brock and P. Grandjean, J. Clin. Epidemiol., 53, 323 (2000).

wN e

P P2 O0o~NO O~

=
W N

N
e



Vol.

16.
17.
18.

10.
20.
21.
22.
23.
24.

25.

21, No. 8 (2009) Analysis of Organochlorine Insecticidesin Human Plasma 6311

H. Zhang, K. Wang and G. Liu, Chin. J. Oncaol., 23, 408 (2001).

H.Yu, X. Zhao, X. Zhang, Z. Zhu and Z. Zhao, Chin. J. Preven. Med., 30, 22 (2005).

W.J. Ntow, L.M. Tagoe, P. Drechsel, P. Kelderman, H.J. Gijzen and E. Nyarko, Environ. Res.,
106, 17 (2008).

A.W. Glynn, F. Granath, M. Aune, S. Atuma, PO. Darnerud, R. Bjerselius, H. Vainio and E.
Weiderpass, Environ. Health Perspect., 111, 349 (2003).

B.A. Jonsson, L. Rylander, C. Lindh, A. Rignell-Hydbom, A. Giwercman, G. Toft, H.S. Pedersen,
JK. Ludwicki, K. Goéralczyk, V. Zvyezday, M. Spano, D. Bizzaro, E.C. Bonefeld-Jorgensen,
G.C. Manicardi, J.P. Bonde, L. Hagmar and Inuendo, Environ. Health, 4, 27 (2005).

M.H. Liu, Environ. Protect. Inner Mongolia, 15, 35 (2003).

G.G. Li and H.L. Li, Environ. Monit. (China), 20, 53 (2004).

K. Jagaand C. Dharmani, Int. J. Occup. Med. Environ. Health, 16, 7 (2003).

J.A. Rusiecki, A. Matthews, S. Sturgeon, R. Sinha, E. Pellizzari, T. Zheng and D. Baris, Cancer
Epidemiol. Biomarkers Prev., 14, 1113 (2005).

J. Zhang and S. Wang, Inf. Prev. Med., 22, 416 (2006).

(Received: 10 December 2008; Accepted: 28 May 2009) AJC-7612

THE 12TH JAPAN-KOREA SYMPOSIUM ON CATALYSIS
14— 16 OCTOBER 2009
AKITA, JAPAN

Contact:

Prof. Shinichi Nakata,

Faculty of Engineering and Resource Science, Akita University.
e-mail:jkscl2@ac3.as.akita-u.ac.jp,

web site http://ac3.as.akita-u.ac.jp/jkscl2/




