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Distribution characteristics and health risk assessment of organochlorine pesticides in surface soil from the ma-
jor farming and animal husbandry districts in Inner Mongolia

MENG Pei—jun, LI Shu-rong, HE Yan-ling, ZHANG Ai-hua, ZHANG Li-ping”, JIN Min, LIANG Qing—qing, ZHANG Ling—yan

(Public Health School of Baotou Medical College, Baotou 014060, China )

Abstract:216 surface soil samples were collected from the major farming and animal husbandry districts in Inner Mongolia. 21 kinds of
organochlorine pesticides(OCPs) in soil were analyzed by a Ni electron capture detector(GC—ECD ) to investigate the residues level, distri—
bution characteristics, sources and potential health risks of these compounds in the study region. The results showed that OCPs residues in
both farming and animal husbandry district soil ranged 0.64~102 ng-g™'(mean 26.3 ng-¢™) and 0.18~23.8 ng+g™'(mean 5.81 ng-g™'), re—
spectively. The detection ratio of HCHs and DDTs's isomers ranged between 89.1% and 100%, which were considered to be the dominant
OCPs in the research region, and their concentrations accorded with the first class levels of the environmental quality standard for soils (GB
15618—1995). Compared with other regions, the OCPs pollution in this study region stayed at a lower level. In addition, source analysis in—

dicated that lindane, a small number of industrial HCHs and dicofol might be used in the farming district. However, for the animal hus—
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bandry district, the early residues and atmospheric deposition of OCPs were the main cause of soil pollution. The higher residue level of

OCPs, HCHs and DDTs in different types of lands occurred in vegetable land, watermelon patch and soybean field. The health risk assess—

ment suggested that OCPs residues in the survey areas do not pose a health threat to the local residents.

Keywords: Inner Mongolia farming and animal husbandry districts ; soil ; organochlorine pesticides ( OCPs ) ; distribution characteristics ;

health risk assessment

A ML A 245 (Organochlorine pesticides, OCPs ) J&
T F AN HLI5 Y4 (Persistent organic pollutants,
POPs), 255 b MLl F Y s sk Ak 24,
AN I F WO T RRAERT . 2001 48 5 ], 1k
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J&T OCPs, 2009 4E 5 ] , (IR FERF /R BE A2 )5 4 1K
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Figure 1 Distribution locations of sampling area
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1.3 BNSKKRBRERGNE

%% GB/T 14550—2003 5 YCT 386—2011 J5¥:,
WERIFRE 10 gCRSHA 3 0.01 o) AL IR AT i -+ HEAE
Jn10.0 g JoKEREREN, TRATE A RBCREE R Y, B
AUEACRET B AR IR . R R FIE 2 Le iR
B 1L, VIV SRR el 78 R A0He4n b % Bk +
AL 28 AR AR5, AR R 0.5 mL,
ARG SN G5 E
1.4 2R ITA

FKHZEE GSI A FIF &1 RBCA(Risk-based cor—
rective action ) Ak #55 7Y X5f A 5¢ oy A Ol X A 3
OCPs A gt XU TPAT , 2 58 DRl R IXUSS: PPN AR G
SRk A BB R (US EPA) A1 5 e b
RS IEAS AR SN (HY 25.3—2014) , X FE0m)5,
TR HEUE XS E(CR)  FFROE 1x107° 2 AT 4652 30

AU 7K B, 1107 A ] 42 52 800 XU 7K SF FBR
XFEHEBUEY BT A F R (HQ) , AlE R B
1,
1.5 RERIESREEH

K US EPA #EZEIBRUE 775 (EPA 8080A )i#Ef 7
FriE il . 21 Fi OCPs bRt £ 5 FRL AR OC R ECH
0.999 2~0.999 9,21 Fft OCPs A5 H FRYE Bl A 0.064~
0.162 ng- g™, Jr AN RN 22 (RSD ) K 3.28%~6.89% ,
TR B 79.3%~96.1% ., J5 1225 FARIRE L 25 1
TCRFINIRE H

ZR5iTie

2.1 13 OCPs =MD IFIE

NS AP0 X 3 2 -3 v 21 Ff OCPs K 4
Brab R ILZ 1, i R i BT 2 SR 2 IR
WEIE o 25 AR Ml X -3 21 Fl OCPs #5454

2

X1 RELTEFED OCPs RBEZKIT

Table 1 The statistics of OCPs residues in surface soil

Flk X (n=170) Bl X (n=46)
OCPoAFE ikl Pl AR SRR iR RGP BRI o e,
ng-g ng-g ng-g %o %o ng-g ng-g ng-g

a-HCH  0.17~6.12 1.88 3.55 189 100 nd~2.34 0.76 2.16 284 95.6
B-HCH  0.24~21.34 3.97 6.45 162 100 nd~1.78 0.63 0.65 103 93.5
y-HCH  0.07~4.23 1.37 2.98 218 100 nd~2.67 0.13 0.23 177 89.1
3-HCH  0.11~6.79 1.41 432 306 100 nd~1.04 0.15 0.23 153 95.6
SHCHs  0.53~29.97 8.63 17.27 200 100 0.17~6.59 1.67 3.81 228 100
p,p'-DDT  0.09~9.25 145 3.32 229 100 nd~2.07 0.23 0.26 113 93.5
p.p’-DDD  nd~7.91 0.58 0.65 112 97.6 nd~1.35 0.21 0.55 262 91.3
p.p'-DDE  nd~36.72 5.32 10.79 203 97.1 nd~6.41 1.46 4.67 319 91.3
0,p'-DDT  0.22~24.41 2.36 732 310 100 0.04~1.51 0.57 0.92 162 100
SDDTs  0.44~41.16 9.71 17.77 183 100 0.09~9.93 2.47 6.52 264 100
H4HE nd~22.56 2.80 7.56 270 929 nd~1.15 0.12 0.21 175 23.9
XSS nd~4.22 0.74 1.43 194 93.5 nd~2.18 0.22 0.39 177 45.6
RAASF  nd~3.54 0.69 1.12 163 95.9 nd~1.32 0.18 0.39 217 56.5
- Ft nd~7.12 1.20 2.34 195 34.1 nd~1.79 0.14 0.49 350 23.9
B-Bi St nd~3.69 0.51 127 250 37.1 nd~0.36 0.08 0.12 150 23.9
TSIREREE  nd~5.19 0.16 0.17 106 27.1 nd~1.64 0.07 0.27 385 152
L5 nd~4.37 0.89 1.04 117 95.9 nd~1.27 0.27 0.63 233 478
WELE  nd-298 0.47 1.22 259 929 nd~0.86 0.13 0.51 392 435
praastil nd~1.73 0.11 0.29 264 17.1 nd~1.56 0.09 0.13 144 152
IKERH nd~2.83 0.15 0.44 294 14.1 nd~2.38 0.13 0.37 285 13.0
SAEH nd~1.72 0.12 0.19 159 18.8 nd~1.24 0.11 0.36 327 152
SKEHIFE  nd~0.48 0.06 0.16 267 18.8 nd~0.40 0.07 0.14 200 152
SRR nd~0.44 0.07 0.18 257 19.4 nd~0.39 0.06 0.23 383 17.4
SOCPs  0.64~102.33 2631 77.35 294 100 0.18~23.78 5.81 13.59 234 100

T nd SRS B TR R, T
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TSYLE N FAN  ALBOI X L3R OCPs 5 2 Ay 28 5+
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A X )2 AN E] OCP 975 2 21 B L ]
2. TR XA 2Ok X, HCHs 1 DDTs 24 /244
A AHE OCPs 1544 £ 2 a5, H DDTs &3+
HCHs, 734h, e 4 KRBT, ol X 4= HCHs Al
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A 11 FES,DDTs & KT 10 ng g™ A 36 4
Feah o S5 EBAT 45 R85 BT i AR ifE(GB 15618—
1995) % B8, HCHs 1 DDTs —Z% &8 %34k 100% ; 5
[ 4 e BT T B bR v (AR & LA ) (GB 15618—
2008) %} it ,HCHs — A A% 50 93.5% , A% %
4 100% ,DDTs — 5464 100% ., HOlk X 3 rh
HCHs 1 DDTs & ¥/NF 10 ng g™, FiRFRME—2
BRI 100%, L, WA &, N5 R0l
X 43 HCHs 1 DDTs 5% B J& FART5 42, XA VED)
FIIRE 15 et B G AN o
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35t _

30t |
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Figure 2 The average residues percentage distribution of different
OCP in surface soil
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Tl HCHs FUPK P9 7 A 2 1= 38 v HCHSs (1% 32
ks, Tl HCHs ' a—HCH .-HCH .y-HCH 8-

HCH DL R A S A AR I 5 1253 51 60%~70% (5%~
12% 10%~15% .6%~10%H 3%~4% , H. a-HCH/y-
HCH HAE R 4~7 Z (8], AP B %452 y-HCH,
HA 7K T 90% ,0-HCH/y-HCH FLAR ¥4 3E T 01,
o-HCH 5 TH R ARSI TR TR, R+
Herh o-HCH %5, EPRE I 4 HCHs ffi i af
AE; B-HCH W Hfb 2~ Fifase , PiAYIrkfgae J1ig,
W3 B-HCH 2455, PTRERME HCHs &
PR H DI ER U g y-HCH R T o-
HCH, JF7E—E 451 T AT %4kl o—HCH, #5 o—HCH/
y-HCH LB T 4~7, IR BT 9345 Tolk & HCHs 4
A #5 a-HCH/y-HCH HAER T 7, WZRH] HCHs 7] fE
V5T 7 s % B sl K AR i A TR TR 5 #7 o—HCH/y-
HCH /N T 3, WISRBLE A AP A7, 5
4h,B-HCH/(a—HCH+y-HCH) lL{E K F0.5 3R 1- 4%
H HCHs 2L 754y, A NFRHCHs Sk B i
oA 245l FH B8RS IR RAE

m 2 3 A, Rl X 43 o—HCH/y-HCH -1
B4 1.18, W(E/NT 3 IAESL S 79.4%, LWIEAT T 4~
7 WEER S 12.9%; H0lk X 13 a-HCH/y-HCH -3
B4 7.53, lWEKRT 7 BIFESL Y 78.3%, LWIEA T 4~
T IR 13.0% X RBIRLIX 13 HCHs 2%
ETFAPHRER, RIE A 0 Tl HCHs i A ;
WOl X 38 sh HCHs 32 225 T 77 5 5% B3 AR iR .
FiAh Al X + 3 B-HCH/(a-HCH+y-HCH) V- #{H
4258, HEKT 0.5 (AL f7 64.7%; HOlk X 133
B-HCH/(a—-HCH+y-HCH ) Y- 3{H 2 3.64, lW{E KT
0.5 FUFEND 5 91.3%, iF—20E T _EidHfEie .
2.2.2 DDTs

Tl DDTs il = S8R i B Ay it FH 2 1= 438 vh DDTs
() FZEEUE ., Tolk DDTs 4345 p,p'-DDT(Z) 75%) .0,
p'-DDT(#J 15%) .p,p'-DDD(#j 5% ) .p,p' -DDE(<
5% ) Fn/b i HA SeAb i, Herp o, p’=DDT/p, p'-DDT L
fH4 0.2~0.3; 1 = SAMEEER o,p'-DDT & & /&
p,p'-DDT, B HLIEZI N 7. I, 25 o,p'-DDT/p,
p'-DDT HAE KT 0.5, A + 458 rh A7 7E — SR W it
A, 7340, p,p'-DDT TEA 55 TN p.p’
-DDE, TEJCE M TREME N p,p'-DDD, #7 p,p'-
DDE/p,p’-DDD B KT 1, Wiz b X LAA 4 F
fift R B, M LA TG AR ff o0 3 5 i (p,p’~DDE+p, p’
-DDD)/p,p'-DDT HAE KT 1, WK+ DDTs
CAR AR fR1) , BOA B 1ol DDTs i A AH
ULBHAT BT ) DDTs 5 4Ll5,
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H 2% 4 alAL Rl KO X (p, p’~-DDE+p,p’ -
DDD )/p,p'-DDT E¥E 451 2.16 F1 534, HAH KT
1 BIRES A 5 57.79%F1 91.3%, FRAL IXATRAT —
FEFERER) Tl DDTs $ A H0ll X -3 DDTs XUfbds
Roe A AR EAE A A Tolk DDTs R4, ARlk
XA X 0, p'-DDT/p,p'-DDT SEHIE 451K 2.18 Fil
0.12, E R T 0.5 IR A 2351l i 75.9% 71 8.69% , 1]
Al X A HEAAAE IR ) = GURBERE R, Ol IX 115
FEAAAEAE = ERIE G e (HR, ol XA 4 > 14
FERZEUER T 0.5, HIHBESR /R Z WX, il RE 2
H AR AR X AR AR X5 s, ARl
X FH X p,p'-DDE/p,p’ -DDD X8 4351 4 5.98
1467, KT 1 BRES 2090 & 85.9%F1 93.5% , 3%
BN S AR BOIL X 358 DDTs 28 A I .
2.2.3 HiAth OCPs

F& HCHs F1 DDTs 4b, A Holk X Fi4x 13 Ff OCPs

KRt o ARl X AR TR R 1A 3R 92.9% , 5%
BN nd~22.6 ng g™, FI(EH K 2.8 ng-g™!, EiX 13
i OCPs Hrgk B i fie R — 2% B, SR BHTE 2 ok
My A P B e R 22 fel Ak H AR R o U
KA A EMIA AL R R /T 90% , (HH:
5 N, SEE SR 0.74.0.69.0.89.0.47
ng-g”, X HAFHEHLAIE OCPs 75 A IR M RE
il G, M2 OCPs AT fgJ& T 77 SR 5k B o o S} . BTk
FHAVGRFHi BR TR FAS: 3R, 235010 34.1%.37.1%
1 27.1% , 5REERHBUN, B T RT3 . X FE5E R
TP HE TR [ 8 TR AL S E Y i BB iR ™, i A
S EELUNE (BRI RS A 3,
FEAM s BB A 5T, B AR P 2R A2 . ol X,
SRRV N 2w PR B =W PR B e IR = R
o—BitFt BTSSR 8 A OCPs TEAG Hi A& F
B B R T R T AL X, FEE S B X AR

=2 AEHEX gk HCHs . DDTs #1 OCPs BB 2L
Table 2 Comparison of HCHs \DDTs and OCPs in soil from different regions

WFFEHLIX. Y HCHs/ng-g”! Y DDTs/ng- g > OCPs/ng- g™ ik
fati 1.00~1000(11.0) 1.00~3000(22.0) — (7]
25 2.70~130.6(13.6) 6.30~1050(64.1) — [8]

R nd~30.9(14.4) nd~40.0(18.5) 16.40~84.9(41.9) [9]

TR Tk 0.97~247.4(10.2) 0.01~384.7(18.9) — [10]
PR At nd~1728(93.9) nd~288(34.4) — [11]
M L 0.06~16.7(1.74) 0.08~39.8(3.89) — [12]

T e S 0.06~0.74(0.31) nd~0.17(0.07) — [13]

WU 0.53~13.9(4.01) nd~126.37(11.2) — [14]
Mgt Aol X 0.53~29.97(8.63) 0.44~41.16(9.71) 0.64~102.33(26.31) PN
M Ol X 0.17~6.59(1.67) 0.09~9.93(2.47) 0.18~23.78(5.81) PN

T+ "R SR A GBI sUUGN T HCHs Al DDTs, BEA RNl OCPs s 455 P 4t o 449 1H

£ 3 KUK (n=170)FA%l X (n=46)FE L EH HCHs R KBELE

Table 3 The residues ratio of HCH isomers in surface soil from the farming and animal husbandry districts

j o } o H b4 i
b e I T il 22 T o i
o—HCH/y-HCH £ X 0.27~7.34 1.18 4.19 >7 2 1.18
4~7 22 12.9
<3 135 79.4
Holk X 0.24~12.58 7.53 545 >7 36 78.3
4~7 6 13.0
<3 1 2.17
B-HCH/(a~-HCH+y-HCH) gl X 0.36~4.76 2.58 4.19 =0.5 110 64.7
<0.5 60 353
ol X 0~7.45 3.64 2.92 =0.5 42 91.3

<0.5 4 8.70
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F 4 RUX(n=170)F04 A X (n=46)FKETIEH DDTs RIMEZRESLE

RN R F 2R

F365F 3 H

Table 4 The residues ratio of DDT isomers in surface soil from the farming and animal husbandry districts

j N B o L5

Eii 7N X3, AT FHIE bt 22 i prpegm %
0,p’~DDT/p, p'-DDT A X 0.08~27.13 2.18 536 0.5 129 75.9
Holl X 0~14.34 0.12 049 0.5 4 8.69
p.p'~DDE/p,p'-DDD ol X 1.34~45.18 5.98 1037 >1 146 85.9
Holl X 0.37~38.23 467 8.54 >1 43 935
(p.p'-DDE+p,p’-DDD)/p,p'-DDT L IX 0.04~39.86 2.16 593 >1 98 57.7
Holl X 0.06~41.49 5.34 13.78 >1 42 91.3
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MR G, FEHE P, — 5 T 2Rk Y 1
T A 245 P A T A - 48 Oy — I, AR
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Figure 3 The average residues percentage of OCPs in surface soil

of different vegetations
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