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Distribution Characteristics and Source Identification of Organochlorine

Pesticides in Surface Soil in Karst Underground River Basin
XIE Zheng-lan', SUN Yu-chuan'?", ZHANG Mei', YU Qin',XU Xin'

(1. Key Laboratory of Eco-environments in Three Gorges Reservoir Region, Ministry of Education, School of Geographical Sciences,
Southwest University, Chongging 400715, China; 2. Key Laboratory of Karst Dynamics, Ministry of Land and Resources & Guangxi,
Institute of Karst Geology, Chinese Academy of Geological Sciences, Guilin 541004, China)

Abstract: Six typical surface soil samples were taken in Laolongdong underground river basin, and 20 OCPs were analyzed by gas
chromatography equipped with micro-* Ni electron capture detector. The purpose of this study was to investigate the distribution,
composition and source of organochlorine pesticides (OCPs) in the surface soil of Laolongdong underground river basin, and to further
evaluate the pollution level. The results showed that 20 OCPs were inordinately detected in the soil samples and the detection rate of 16
OCPs (except for p,p’-DDE, cis-Chlordane, trans-Chlordane, dieldrin) was 100% . Moreover, the CHLs and DDTs were the main
contaminants, and there were obvious differences in the concentrations of organochlorine pesticides between different sampling points.
The concentration range of total OCPs was 5. 57-2 618. 57 ng-g ™" with a mean of 467. 28 ng-g~'. Compared with other regions both at
home and abroad, the concentrations of HCHs and DDTs in the surface soil samples of the studied area were arranged from high to
middle levels. The total concentrations of OCPs, HCHs, DDTs and CHLs had a similar variation tendency in spatial distribution,
upstream > midstream > downstream, and the concentrations of OCPs in upstream were obviously higher than those in midstream and
downstream. Source analysis indicated that the HCHs mainly came from the use of lindane. DDTs in soil came from not only the early
residues but also recently illegal use of industrial DDTs and the input of dicofol. In addition, chlordan was mainly from the early
residues and atmospheric deposition. Compared with the Environmental Quality Standard for Soils of China and Netherlands, the level
of OCPs in Xinli vilage soil was categorized as highly polluted, but the levels of OCPs in Longjing bay, Xia spit, and Zhao courtyard
soils were classified as slightly polluted, while the Longjing adjacency and gaozhong temple soils belonged to unpolluted ones.

Key words : organochlorine pesticides( OCPs) ; surface soil; distribution characteristics; source; karst underground river
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Fig. 1  Location of the study area and the sampling sites of surface soil
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Table 1 ~ Concentrations and composition of OCPs in surface soil of underground river basin
AR ﬁ%?’lilm JFﬂJ{al HIE LAl ff/ﬂﬁﬁ% Ap R RN
/ng-g /ng-g /% /ng-g /%
HCHs 0.30 ~80.96 16.96 3.63 31.66 187
DDTs 0.59 ~191.60 48.43 10.36 77.12 159
CHLs 1.00 ~2204. 64 371.20 79.44 898.21 242
ALDs 0.27 ~57.58 11.66 2.50 22.56 193
KR 0.34 ~5.50 2.36 0.51 1.85 79
FH AR 0 1.04 ~47.94 10.72 2.29 18.57 173
AR 0.11 ~30.36 5.95 1.27 11.98 201
0CPs 5.57 ~2618.57 467.28 100. 00 1054.83 226
2 BRIMAEHMRRETEFENIKEGEREBE" /ng-g!
Table 2 OCPs residues in surface soil in China and different regions all over the world/ng-g ™'
T 5k IR Aoy HCHs DDTs SCik
TR A T 0T i duk - 4 2010 0.55 ~26.54(4.05) 4.31 ~213.50(41.76) [11]
TR i S el 1 2009 0.44 ~3.19 1.21 ~70.72 [10]
T e S VA A A 1 2007 0.06 ~0.74 nd? ~0.17 [12]
PN 3 SRR X - g 2005 0.15~1.35 0.34~3.15 [13]
FAbHuIX 2006 136 ~51 800 72 ~28 200 [14]
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demei + 4 2003 1.36 ~48.8 0.77 ~2178.56 [16]
A A 2007 nd ~10.38 0.77 ~247.45 [17]
TN B - e 2002 0.14 ~42.31 3.58 ~831.32 [18]
s H % 2002 ~2003 2.5~11.0 nd ~5.7 [19]
7 ] rr AR A FH 1995 ~ 1996 5.3~10.0(7.5) 23.7 ~173(72) [20]
EN); 3 g e 122 ~638(326) 13 ~238(117) [21]
i B R A 0 - 2006 1.55~10.1 0.41 ~106 [22]
TP Ll T ) 3 3 - 4 2013 0.30~80.96(17.0) 0.59 ~191.60(48.43) A5
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Fig. 2 Concentrations of OCPs in soil of different

sections of the underground river
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Table 3 Concentrations of HCHs in surface soil sample/ng-g~

1

o TR
AR WA TR eIt B FE BB T
a-HCH 14. 64 1. 65 0.04 0.02 0. 68 1.17
B-HCH 34. 46 5.27 0.55 0.15 0.96 0. 88
y-HCH 8.76 0.57 0. 06 0.03 1.07 0.59
5-HCH 23.10 4.97 0.25 0.10 1. 11 0. 68
Z HCHs 80. 96 12. 46 0.90 0. 30 3.82 3.32
a-/y-HCH 1.67 2.89 0. 67 0.67 0. 64 1.98
B-/(a+vy)-HCH 1.47 2.37 5.5 3. 00 0.55 0.50
) HCHs 2K 3 Tl HCHs FMUARFH i B @-HCH [ f-HCH yHCH EFH &HCH
i, Tl HCHs £S5 FAR & 55058 o-HCH 60% R \\\
~70% . B-HCH 5% ~12% . y-HCH 10% ~12% . 5- -
HCH 6% ~10% . Jo& S0k 3% ~4% > Witkst 25 \
FEZR R y-HCHORR D EL >90% ). Tl HCHs iy
Hoa-/y-HCH {H — 7€ 3 ~ 7 208, WAk S % .=
a-/y-HCHIE#3E F 0, T «-HCH 192 = H] kb N \
y-HCHK:, 3 H y-HCH 7& — & & F i1k N TR \
o-HCH, I, AT ] a-/y-HCH 14 LUAB 3B 45 7R 31455 rh _
Sk
( 2 T2 s 4 4 ey _ _ - = :
HCHs HRIERFIE. 5 3 a-/y-HCH {HAE 4 ~7 0 10 20 30 40 S0 60 70 8 90 100

Z ], F201iZHh X i HCHs =%k ¥ T Tl HCHs,
FZAE/NT 3, B i X A MPH AL B-HCH AL
SELEA EAT R AT B X RR M, Ak 2 R0y 3 o e
R WERTRE  7E 4 Fh iR b SR i, T 24+
b B-/(a +y)-HCH fH KT 0.5, KW +
HCHs F= %502 7 5 44, 75 ) & W] - 3 rp HCHs >k
F T304 24 A 18 FH R A e 2077

2548 a-/y-HCH {1 B-/ (o +y)-HCH {H 7] DX

A4t/
B3 RELHH HCHs HEE

Fig. 3 Composition of HCHs in surface soil sample

BT M BT - Erh HCHs BRI 42, M3 3 o]
LR XA )2 £ AR a-/y-HCH {H7E 0. 64 ~
2.89 Za], BI/NF 3, R Bz T ik )2 4
HCHs 32 22O U5 F AR PH 9 ff A, 53X vl B8 2 i F
y-HCHJ& HCHs S #4 (& e — B R TGy, T
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A HCHs 2R HIE , AP AR SR AR e 0l |
KA. [, B-/(a +y)-HCH fH7E 0. 50 ~
5.50 Z i), A E KA R BT 3 8-/ (a +
y)-HCH {HAZIE 0. 5, F W 3K PSR A i 3 ) AT e A
1E/D BT HCHs A T H B SR A i 13 b HCHSs
FEE TP 5.
2.2.2 DDTs

M\ DDTs [ 4 Ffr SR AARTE £ 2R A o500 2 BUARAIE
ATLVE 1 (% 4),DDTs & &35 Fh 0.59 ~ 191. 60
ng-g ! HAHUIAT AR RS 3 AT
435 191. 60 ng-g ' 1 83.77 ng-g ™', Ho'E R AE
S DDTs &8 7E 0. 59 ~8.36 ng-g ™' Z[A]. DDTs

i) 4 Fh AR R 24 p,p’-DDD F o, p'-DDT 7EHF
FEXORFLR AR S & 22 Rk, oy b
Bl 43 5 :0. 10 ~ 156.98 ng-g~' F1 0. 17 ~ 82. 43
ng-g”'. MK 4 A, % L FE S DDTs 4 Fh S5 4 4
(R ET 3 LU 2 28 S 3R, B 0 R B R B - 1 1
ZH AL, p,p'-DDD 7E DDTs H I (5 Ho 401 5 K (K
2980% ), FIRIFHE R h<F - &0, p’-DDT
i DDTs Ffil# K, ¥ 60% , N FH T 3
{51l B 2 3k 90% , T #E B S 3, p, p’-DDT
d R T (23 90% ) , Je 355 1 138 v B A Al
#| p,p'-DDE, p,p'-DDD. o, p’-DDT F1 p, p’-DDT
= H R

*4 REX#HPDDTs 88" /ng-g!

Table 4 Concentrations of DDTs in surface soil sample/ng-g~

1

Bk , - I - - —
P TR O e EE BRBT

p,p'-DDE 0. 66 0.16 0.00 0.00 0. 00 0.04
p,p'-DDD 156. 98 0.11 0.28 0.03 0. 04 3.61
o,p’-DDT 4.78 82.43 0.17 1. 10 0.83 0.33
p,p'-DDT 29. 18 1.07 0.15 0.63 7.49 0.57
Z DDTs 191. 60 83.77 0.59 1.76 8. 36 4.55
p.,p'-DDE/p,p’-DDD 0. 00 1.7 0.00 0. 00 0. 00 0.01
o,p’-DDT/p,p’-DDT 0.16 77. 04 1.13 1.75 0.11 0.58
(DDE + DDD)/DDT 5.40 0.25 1.87 0.05 0.01 6. 40

1) (DDE + DDD)/DDT: (p,p’-DDE + p,p’-DDD) /p,p'-DDT

Ep. p-DDE [ p, p-DDD 3o, p-DDT EHA p. p-DDT

BB |

UE i

T

LI
N

FehE

eI

FIREH%

BhH

0 10 20 30 40 50 o0 70 80 90 100

B4 /%
B4 FRELTHF DDTs AR

Fig. 4 Composition of DDTs in surface soil sample

Tk DDTs J& — FpiR & 5K, % 75%
p,p'-DDT ., 15% o,p’-DDT, #J 5% p,p'-DDD, %
5% p,p'-DDE A & H ey ™. Wi T,
p,p'-DDTHEAIREE 5 45 K A W figt | 70 0 SR 3R B8 o
fi#A p,p’-DDE , 7ER AT H WIREf# R p,p’-DDD, If:
HF% DDTs jifi HE 8 p,p’-DDT Fir i A 43 L
1%, B&f# =% p, p'-DDE Hl p, p’-DDD Ff (5 & 43 H i

f&. K, —J7 1 p,p’-DDE 5 p,p’-DDD (1 HUAE AT L
IR S Wt DDTs AR #3135 , 45 p,p’-DDE/p ,p’-DDD
> 1, RKWZ ML X DDTs 32 & 78 o AU 8 rh & 2R %
fit, ;L2 ,# p,p’-DDE/p,p’-DDD < 1, | & B 1% b [X
DDTs 4 F4 Mg £ B A P E A ™ —
[fii, (p,p'-DDE +p,p'-DDD)/p,p'-DDT 4 HLAH 7] E Hy
TEEH DDTs U507 5L A8, #71% FUER T 1, %9
DDTs B2 K43 F&f# M p, p’-DDE Fp,p'-DDD, DDTs
it FHE T J8 T V5 e, e 2 AR LR/ N T 1
W2 A B TS e liAre .

% 4 nl 0, BRF B 3% p,p’-DDE/p ,p'-
DDD B 1,45, KT 1, HE & RS L5
FLEY/NT 1,37 BILF R 0, R ST X K2 1
W% DDTs F2EAE R IAEE h kA T B, 3X 7T fig
Sl T X 3R T4 K s WAL ™9, Bk L =
R, W, R A2 BN T IRE ISR, SR
XFEZ LW (p,p'-DDE +p,p’-DDD)/p,p’-DDT
A F 0.01 F16.40 Z A, FIRHE & =FH
HMHE O /N T 1, 205X 3 A RkE 5 10
H Y DDTs S A TR | eI 55 Fi K B+



906 AN 5%

B % 37 %

B LR T 1, R 3 AN RAE A ) DDTs
BT s g 25 Bl B s X 3 BE A DDTs
1Dy S 5% B8, AT ) DDTs Hii A

AR P R BT R
PR AR, FEAR TP g ) iz T 2 R0
WG, 7 Tk DDTs H1,0,p"-DDT 5 p,p’-DDT
[ ELAEALAE 0.2 ~ 0. 3 Z (8] {H7E = SR, 3L
WAEAE 1.3 ~ 9.3 Z M8 &, 5 nT H o, p’-DDT/
p,p’-DDT HAB R H 51| P v 15 A — SR 6 e 1) o
AP W g 4 T WA IX N R e RS e
o,p'-DDT/p,p'-DDT HWAH ik 77. 04, i H7 A Fi1 &
FH LI LR, 433 0. 16 A1 0. 11, HE
AL A HOZ HENAE 0. 58 ~ 1. 75 ZJa], KW F %
FHE LR ) DDTs 32 22 5 — S0 16 1 1)
ASHT IR AR 800 - 58 b i) DDTs 2k A Tl
9% DDTs, Hog kA fi R 58 i DDTs ATk | Tl
DDTs Fl =GR WEEE IR AR, FRIETE 20 tH4 50 ~
80 AFEAREHY , Tl DDTs J2 3 A 7=l FH ok i HL
A2 ME 1982 4R, HAE A 24548 FH 2 2 9 PR
SCEESIE T AR T A EEH T
HE I 3 7 A T R IR T 7 P L — S b il
. 28 b AR5 X DAL 3h ok 3 H FE S R A S
(e h =g B R AT & A T R AR Tl
DDTs, & B 0F 5% X A b 3 h v 76 JE 32 A Tl
DDTs. XAl HE5 Tl DDTs 938 KA X )40l
LA DG, Tl DDTs 78 b 4k 2 3 22 F F B 6 i 1
S A R R S R, B R H AR
P R X R . B SIH SRR R DAl
RS B 320 =, L S AL G sh b ok T 3K
Biivf 3 475 AT g fd FH Tl DDTs.
2.2.3 EPHEEA YRR

PN IR I P RR B 6 R R 7 TR
FE R 7 A 0 T2 X vz Al . Tl & R
140 ZHFURIE] B3 A1k, REAE IR S TP R E A A I 32

BAMA A (11%) . RAXESH (13%), L&A
(5% ) LRI (5% ) 5% 4 Bl R
AR WA FHVERRAE | A AR SR A A4 1) A Hu 7).
AIHRE A 2 RRIE N AT K IE B, B 80 |
By SRS MR R SRR I R S Y
PRI MM DA HE s A 41, BRI, 3% ] 86 A 20 fiE 4
80 AFARAE 1L AT, 15 i 7 O Hi X ™
1988 47 AL il H.

H R 5 WA BFGE X T AT RAE g rh | S P
AR R BUR 43k . Hoh &b &)
EEEZE 1.00 ~2204. 64 ng-g ' ZIH] B k3
+ CHLs &% & 5iA2 204. 64ng-g ", I E S A 28
AP SR K. 1109.55 ng-g™' Al 15. 60
ng-g " THE RAE %+ CHLs & #YTE 1. 00 ~
8.45 ng-g ™ Z ], HN S P A R U PR Y
H:nd ~0.39 ng-g ™", BARMAL, bt E B, B A
FEARN I Bl KL &, e iR LR
BEAMHS AN ERS, AR TERE, ¥
O R - AT B A E 3 S 55 05 - 3 4T
RIFAEBAR S AP, B IX 3 v KR &
HIEEIN 0.34 ~5.50 ng-g ™', B RFESF L HA
AR, RS X Al it KR (R AR
o AE ARIEE T, AP X T AT S
TR i, B B R) A4 RS, CC/TC HLAE K 15 ¥ 3%
KU Er A R ST, L CC/TC HUlE R 1%
S W 1B NG O 1T 6 S 17 P 3 R (£
25 LGB AR L ce/TC o 71. 13 KT
1, LR 8 A b i &P R Tk
V5.
2.3 HEEAHELY
WF5E X - BR DL _E LR HLEUR 25K 1 B
Hb, SCIRFIZRAGA . 40T T o A S R A B
WA . ST LG W 2 R A8 R i
SN PRI = AR R R A, 20 T 4270 ~ 804 AR Bl Ak

x5 RELT#EH CHLs IR RESE /ng-g !
Table 5 Concentrations of CHLs and mirex in surface soil sample/ng-g ="
Bl : — S - - —
B IR TIN5 LT E il BREBET

& 813.22 4.92 0.55 0.24 4.58 4.53
X S8 (CC) 1109.55 0.39 0.04 0.03 0. 00 0. 00
RAGEFH(TC) 15. 60 0.39 0.11 0.04 0. 00 0. 00
WALA 247.30 2.24 0.21 0. 66 0. 48 1.19
ALEST 18.97 0.51 0.09 0.03 0.56 0.77
CHLs 2204. 64 8.45 1.00 1. 00 5.62 6.49
KR 5.50 2.59 0.34 1.09 1. 44 3.19
CC/TC 71.13 1.00 0.36 0.75




3 4 WHIE 2255 AV R TR IECR Z A LR 25 0 AR AE SR B A 907

AEAE PR (B AL A W 7 A i IX 1) — 28
JEE v [ F ARl

H 2% 6 AT, WF5E X 3 SRR A P i
SRV 0.27 ~57.58 ng-g ', R A 14
R, RS RS AR K, R,
FEEAREGT X, BRI 1 A 4 b X A R il 3
LRI A Y. W AR S TR B AT pLSE R
Ha ) R ORI SO0 TR B AR TR I
S FREff, R A T —Fh 7 2 fd i 2% &
FNT L UTBRAE SRS A B, H ST R I B AR i
Y BETE W RBIM A RS, R RS, RIZERGE .
W RG22 MUK R G, B X A 58 R 40 1 #E
Jekge L g 6 nAL, FR AR I 6 A A R
BN :1.04 ~47.94 ng-g~ ", Hob g I AHAI R T
TS g b HE SRR U R S R R, 4 i R . 47,94
ng-g A1 10. 21 ng-g ™', HE 4 A SREE A IR H

AT TR e 1 SRR X AL, AR AR L AE 1. 04 ~ 2. 81
ng-g ' Z AL FBIAEIE X AR TG s vz A
1o FF SRR T e, BT 0 A R e T R ok,
B DA A AN, BB R AN R R
H b A= 7= A Tk G e, Al A = v 3 R
FHZSERAEFERI R R, 0T By i6 /N 22 8 T A
FREEREG. 6 nll, NERTIETA £R)ZE LD
BrA i, o B R 0. 11 ~30.36 ng-g ™', H
IR oS AR & R R, 8 30036
ngeg ™ B SRAE S S R RIL, E R Y .
0.11 ~2.25 ng-g~". NEKEA B ZESEAM
B N R FE AR, 7E R 1 7 ik 80
dEFETA L FH I, SEARBEERIDTRSEA
R A K T TR T N i E 3 S U WA
P O P B 18 o e o 5 A< O a1 ] e =
TR T KRR,

£6 RETEPHEEENERHGEE ng-g™!

Table 6 Concentrations of other OCPs in surface soil sample/ng-g~

1

B2 : — KRR - —
BRr IR Je 5% e S E il BRBET
SCH 17. 66 0.36 0.34 0.06 0.31 1.90
FACIGH] 38.93 3.04 0.17 0.08 0.58 1.06
2K G 0.00 0.45 0.17 0.03 1.71 0.65
SR 0.99 0.42 0.07 0.10 0.30 0.57
ALDs 57.58 4.28 0.76 0.27 2.90 4.18
PR 4230k s 47.94 10. 21 1.18 1.04 1.17 2.81
HCB 30. 36 1.09 2.25 0.11 0. 81 1.05

2.4 HHEPHHLEAR 25 5% B S T

HRE (- IR IR T f AR i) (GB 15618-95)
FRIFH AR IE (38 7)) XoF 22 i R ) 37 3o, - 3 A5 L SAR
25 5% B HE AT PF M w0 BF 5T XN B ) R A g
HCHs & it 4b 5 90K, JoB R A A L
HCHs & & ¥ Ak F 54— Pk, 8 R AT e
T3 DDTs & /A T 55 K -F, HB R AN

DDTs & I7E%E —FOKFIEH N, 55k, Mg
2= E ORI AR E (1994) , 8 A 4 E 2 52 3
HCHs, DDTs, S JFRANSEAR R E 0 E s
e RIS 442 %) T HCHs . DDTs FAIAESFEAR
A P2 B A0 75 Y, B0 RS R g+ - HE 52 %)
DDTs FIE PR B 5 s | WA e 55 Fi s h <
TIEE A ZHE Y.

®7 TEANESRGKRBHRRERERE

Table 7 Environment quality standard of OCP residues in soils

[ Py SRR B /g - g !

] SR /ngg ! FED (G Gy =% D (B
HCHs 0.30 ~80.96 50,5001 000 10.0
DDTs 0.59 ~191.60 50./500/1 000 2.5
CHLs 1.00 ~2204. 64 2.5
HCB 0.11 ~30.36 2.5
S 3K TG 0.07 ~0.99 1.0

1) ( FHEFREE A7 AE ) (GB 15618-95) 5 2) fif 22 43¢ B AR Ui ( NMH-1994 )

X E R A 22 9 b S TR A o, AT B
TR 3R TA LAY H 5 e TR
HRMAE KB 1+ 552 B HLA AR 2 R I5 4t

JeIto5 A TSy R T IuTs e
R DCHATRRIR I —oTa ) B R A #RER , -
oS, )2, S Z R R AR ORI A IETE
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F

2% 37 %

B, HRMR KR | | SO R AR A I
BEE ,NZ AR DKOK LA, L, BT
IR i R A LA 2k B AR,
{EUR L E 3P AR B A A AL AR SR A S 1
BB | TR S5 E T T ZR G, DT RS 5%
AT GG

3 it

(1) MR 97 3 3k 22 )22 A b TR I 1) 20 FloAy
PLEAR 25 A AR R EE A Y, Forh (B DDE | I
PR AE S IR 16 Bl AL i F 100% .
OCPs S B2 L G FITE 5. 57 ~2 618. 57 ng-g ™' 2],
SHA(E N 467. 28 ng-g ™', ESHIH DDTs & £ %5
Py RFERAE S ANER YA T REESRKR. S5H
AN X832 2 38 HCHs 1 DDTs 5% B AH tb
B OWFSEIX )2 H 8 HCHs #1 DDTs & &4k T
K.

(2) A HLEA 25 & HCHs, DDTs, 50138
AR 25 i Ay A ELA AL 2 [ AR Ak 34 o8 . i
> e > NE, O H BliR S, R 220 W
F. A2 S 0T RE A b R IR A R R B A X 3,
AP

(3) BIFFEIX e b HCHs 3 B2 J50 T kP 0 ff
H, 3Eh DDTs BRI 51 4 2476 FH 1 5% B9, o
SRIFETF AL Tk DDT e I A9 2 4 FH A =51
AUEEEAHIA. B XN HT A P i S
R E DI ER B R A R A Bk A
KA.

(4) 254 v B R 22 ) 398 bR A, BT R
TR FANER L E G R, NS B
FIHAR KB T 32 B A ML AR R 4,
Jrm e R TR e H . T AR X
Z R, B3P R B RS A LR 2R
2 Pt AL ] 2R G5, AT X 3% 2% i T YT By L.
3 S itk
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