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Distribution Characteristics and Source Identification of Organochlorine

Pesticides in the Karst Groundwater System

ZHANG Mei' ,SUN Yu-chuan'** ,XIE Zheng-lan' ,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, Institute of
Karst Geology, Chinese Academy of Geological Sciences,Guilin 541004, China)

Abstract: Chongqing Laolongdong and Qingmuguan karst underground rivers were selected as the research objects, and 21 kinds of
OCPs in those two underground rivers were analyzed by gas chromatography ( GC-wECD). The results showed that, o,p’-DDE, p,p’-
DDE, o,p’-DDD were not detected in Nanshan and Qingmuguan underground rivers; o, p’-DDT and dieldrin were not detected in
Qingmugang; but the detection rate of the rest of the OCPs in those two underground rivers was as high as 100% . HCHs and ALDs
were the most dominant compounds in Laolongdong underground river, whereas HCHs and methoxychlor were the most dominant
compounds in Qingmuguan. The concentration range of total OCPs in Qingmuguan was 145-278 ng+L ™' with a mean value of 213
ng-L™". The concentration range of total OCPs in Laolongdong was 17. 7-40. 8 ng-L ™" with a mean value of 32.7 ng-L~". The OCPs
component showed an increasing trend from the entrance to the exit of those two underground rivers. By analyzing the source of OCPs
pollution, DDTs in the two underground river basin came from the historical industrial DDTs input; chlordane mainly came from
atmospheric deposition. HCHs was the main source of Lin Dan’s input, Nanshan underground river was historical pollution, whereas
there was a new HCHs input from Ganjiachao in Qingmuguan upstream. Compared with the water bodies at home and abroad, the
concentrations of HCHs and DDTs in Nanshan underground river water were at low level , whereas those in Qingmuguan were at medium
to high level. Comparing with the hygienic standard of foreign water, it could be observed that Nanshan underground river and
Qingmuguan underground river were not able to meet the standard of drinking water safety standard. For the sake of protecting the
ecological environment of the underground river, land application of organic chlorine pesticide should be banned in Qingmuguan.

Key words : organic chlorine pesticide; underground river; source; distribution; Chongging
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Fig. 1  Location of the study area and sampling sites
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HCH/y-HCH 435125 1. 05, 0.42 . 1.31; A H
TRRGEPAEA N, 2R, 2R, RYm
a-HCH/y-HCH 4351/ 0.27 . 0.87 . 0.78 . 0.87 , %
R o-HCH/y-HCH RO{EY/NF 3( L 2) %
HH 9 S5 b T AT I, HCHs 352251 [/ Tk i 4 .
IR T &R AE R B-/ (o + y) -HCH fH A T
0.42 ~1.31 Z[a); HARCH T4 RFEE B/ (a +
v)-HCH B 7E 0. 37 ~1.70 28], B A5 55 1L s R ] v
IO FHARSCH W A H B-/(a +y)-HCH
fEH/NTF 0.5, & il H & Ll s R g, R B-HCH
ey W N I R /v L2 N A 4 S R VT2 7 L
Kzt B-HCH. T AR SCHL A AR FAY i 2
KA b, /T REAEAE /D FT Y9 HCHs B A ik T
W T ORAE SR A A R 2ok B
HE(Y) HCHs, B-/(a + y)-HCH ¥J K T 0.5, % 1]
HCHs F2 )& T S5k .
2.3 DDTs Ak

M3 HRl g, R SEH T AR S pLp-
DDD . p,p’-DDT; 7E7G L Je i i ] o A 4G M
p,p'-DDD . p,p'-DDT il o,p'-DDT. Hi R REi% %
FEA DDTs 43 o5 & KOG, mg & Je i OCPs 1Y
12.58% , 10.97%. Wb T DDTs () 3 Ffi [8] 43
SERIAR LB R, w102 e R p, p” -DDT
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B 37 %

> p, p '-DDD >o0,p'-DDT; FHFARKH T p, p'-
DDT > p, p '-DDD. H:H p, p’ -DDT i DDTs EL4H

B, HEARLH TR Y 64, 42% 55 1L R
63.65% (&13).

#2 KHEHCHs KE /ng-17!

Table 2 HCHs concentration in water sample/ng-L ™'

—
FHLAK LI S - S o= ‘
A AL S AR HEAE P E5 e FHR K
a-HCH 0.51 1.05 2.27 3.01 14.5 10. 6 11.6
B-HCH 1.84 N. D 11.2 5.47 47.17 35.6 42.3
y-HCH 0.48 2.5 1.73 11.0 17.1 13.6 13.3
S-HCH 0.96 2. 15 1.92 7.26 22.4 14.8 18.8
&-HCH 1.02 1.43 1.58 7.31 13.2 9.51 8. 68
Z HCHs 4. 81 7.13 18.7 34.1 115 84.0 9.6
a-/y-HCH 1. 06 0.42 1.31 0.27 0. 85 0.78 0. 87
B-/(a+vy)-HCH 1. 86 0. 00 2.81 0. 39 1.51 1.47 1.70

DN, D ARTHRMER, T IH

®3 DDTs ZEH FAHR M FRFE" /ng- L

Table 3 Composition characteristics of DDTs in underground river/ng-L =

- F L HARK
BHLARZ — —— — = pvarog = 5
AN & e i 1 FEAL TS AH B2 Al LRI KIith
p,p'-DDD N.D 2.31 N.D 9.41 13.3 N.D 14.5
0,p’-DDT 0. 66 1.01 N.D N.D N.D N.D N.D
p,p’-DDT 1.11 2.03 3.83 16. 4 17.7 14.9 18.4
> DDTs 1.77 5.35 3.83 25.8 31.0 14.9 33.0
0,p'-DDT/p,p'-DDT 0.59 0.50 0.00 0. 00 0. 00 0.00 0.00
(DDE + DDD) /DDT 0. 00 0.76 0. 00 0.57 0.75 0. 00 0.79

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

EHCH B3 yHCH o-HCH
(D 6HCH E=3 p-HCH

NI

TAES
<

v 7 s TN
Y MMM

0 20 40 60 80 100

{2

E A%
B2 HCHs 723t T3 By A B AE

Fig. 2 Composition characteristics of HCHs in underground river

Tolk DDTs Fl =% P2 2R 55 v DDTs /Y 3
BORUE. — M, Tolk 4= 7™ (% DDTs H K2y 75%
p,p'-DDT. 15% o,p’-DDT., %1 5% p,p’-DDD, 2
5% p,p'-DDE B e AR . 1 T b2k
HGE , =SR2 B R FREE v B DDT (1 22
K. —BIF A 25 = SRR, i T 1 DDT fE

=<3 2.p-DDT BZZ o,p-DDT  [Z2 p, p-DDD

WO AN\ N\
RN ZZANNNNNN \
22 AU

Al AN NN N
A3 EEIIIITIIIITIIITTTIIRINNNONY
N (BN

NI N

0 20 40 60 80 100
EEi 2= A

B3 DDTs 7Eith T i 51 B9 28 A% HFAiE

Fig. 3 Composition characteristics of DDTs in underground river

SRS R P bt & D B DDT FR
Wi 75 DDT 5 44 AR 20 W 1A 22 5], Tl DDT
p, p'-DDTRYR K AL o, p’-DDT [ 5 %5, M = AR
WAL R W2 o, p’-DDT WY JE KT p, p’-DDT, H
o, p' -DDT %2 p,p' -DDT T 5 [ AR . ik,
PG 0, p’-DDT/p, p’-DDT > 1, I ] 1 1hir H:
e UE T = SR .

p.p'-DDE 5 p,p’-DDD ) H A& 7T DL > J ik
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DDTs HY[MERIE" . 3k ASRIE)S  p,p'-DDT ¥ &
A= BEAf , TE IS8 SRR 48 0 51 B %4 p,p’-DDE
Fl p,p’-DDD, 3 HLFE#% DDTs Jifi i Al K  p, p'-
DDT fif (5 E 43 LA A%, B f#% 7= p,p’-DDE # p,p'-
DDD fr o5 A Jr e . Ktk, %5 p, p’-DDE/p, p'-
DDD > 1, £ iZH X DDTs FERAEH A BT H &
A S, 2 B IH % M X DDTs A R A 32 22 2 7
REMREE R %&£/, I (DDE + DDD)/DDTs FAH
AL RS RS A BT A DDTs i A, 4 (DDE +
DDD)/DDTs >0. 50 B, F&H] DDTs & K HB 53 B it
DDE A1 DDD, DDTs Jifi FH i 6] 454, J& F 1 8 95 4
2,45 (DDE + DDD)/DDTs < 0. 50 i}, 7% B ir
A% DDTs A

Wi ) KA DDE, p, p’-DDT 16 K&
ZAFFHAL A p,p’-DDD, K I H W7 R 30 o DDTs
FEREIRAZMN T KA. B LT W
(DDE +DDD)/DDTs f{H 4 F 0 ~0.76 Z[i]; HA
X4 R ( DDE + DDD)/DDTs B{EA T 0 ~0.79 2
8. ZERGINE] p,p’ -DDD F P s F ] KAE s, ( DDE
+DDD)/DDTs FLE KT 0. 5, 2 B b T Tl 970 35
VLAY ICH Y DDTs fj A, K B9 DDTs Al g I
e e 4 S| RU LY T S NG % T EINT(T B = R B S e
BRHES o, p’-DDT/p, p'-DDT HWMETE 0 ~0.59 =
], & A SCHE T ] 4 R A S o, p’-DDT/p, p’-DDT

K0, PiskH TR o, p'-DDT/p,p’-DDT /N F 1,
ALHWT R T ) DDTs JF ARk B T = & A Wl
M2k A F Tl DDTs AY%iA.
2.4 HAAPLELRZ

SPHRERF AR LTS Yoy b A 736 1 4y
B0 T MO A 9 2% ). Tk SR 140
LRI LA A, BEAE BREE R A LA TE Y 22
EMEESH (1% ) . & PH(13% ) LA (5%)
MR (5% )% 4 Fusin'™ . HELHAEEA
(IR =, HLRE TR L S 4 A% REAPERR, B
HI-L S 3 A S ) 2% O Al . 2 e T
CHLs ¥ FE 5 [/ T 2. 95 ~8.07 ng-L ™" ZJa] 2
M 5.02 ng-L™", & B M F 3 OCPs [
16.84% ; H A & CHLs ¥ &5 Bl A T 17.30 ~
40. 87 ng-L™'Z[A],FIE N 34. 12 ng- L7, iR
KHB RV OCPs (1) 15. 94% . 78 H AR | A
FHCTC) HX T AT (CC) BE 5 T i, it i
[ HERS , CC/TC HL L2 M K. B A&
P, H CC/TC HABRIZHE T 1, A A iy A 7 B[]
KB 2Z AR, R4 ol mil, HASR
iR CC/TC HAEST AT 0 ~0.52, 0 ~0.99 Z
B8], ¥5/NF 1, R, P 2% A B R A H I =
SFF R CHLs 2 T ¥R A -
-SR] R SN E P R 38 e A T ]

F4 WTARHEEFIERGRE" /ng-L™!

Table 4 Concentrations of other OCPs in underground rivers/ng-1.~"

—
P2 L — = AR :
ERWALD Eop A s FEAEVS A LRI LR Kb
IR 0.95 8.56 2.85 6.05 30.5 15.9 19.4
SFRCH] 0.57 2.05 0.61 2.49 12.8 8.58 8.65
IR 0.46 0.97 1.71 N.D N.D N.D N.D
SR N.D 2.09 2.87 12.8 7.25 N.D 9.53
M= A (CC) N.D 0.97 0.49 N.D N.D 9.02 N.D
RAEFH(TC) 1.53 2.22 0.95 4.12 13.5 9.11 10.6
WAL 0.9 1. 66 0.85 7.41 N.D N.D 9.21
AL 0.6 1.23 0. 66 2.35 10.9 8.56 9.09
L& 1.01 1.98 N.D 3.42 15.9 11.3 12.0
PP S T o 5.03 5.44 7.25 46.7 41.4 19.9 43.1
ALDs 1.99 13. 66 8.04 21.3 50.5 24.5 37.6
CHLs 4.05 8.07 2.95 17.3 40.3 38.0 40.9
CC/TC 0 0.44 0.52 0 0 0.99 0

1) ALDs = 3 IGH + 53 ORI + 2K IRF + Ak GH; CHLs = CE T + UG T + SRR LA + AE s + B

N 4 AT UL A T v R TR AL A AL R R
HuFR I HUSCR BRGNS0 TR o 5
iy WAtk , DR T 2 SO R 7 0t )k — o H 4 )iz )
(0 2% HOFR 2T R T T v Y S T e 1 R AN
T HCHs, 2 o I 1 o] 42075 17 s R 2 3 T oy
5.03~7.25 ng-L_1 ,ﬁ]ﬁﬁﬂ 5.91 ng-L_l. FHARGH

AT FEYE M 19.9 ~46.7 ng-L7', ¥{E N
37.8 ng+ L' 20l rg . AR SCHL T OCPs 11
19.99% . 18.84% . L IGHI, 53 ICH, 2K [CHI A
SR FCH R R A R R, T 1987 458 428 1)
B LU T A G Y ALDs HeEEVE LAY T 1,99 ~
13.7 ng-L™ " Z[H] SFH(E R 7.90 ng-L™". FHARKH
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Fl 37 &

Ay,
=

TR R R AR AR, AR YA R ALDs ¢
JEJE AT 21.3 ~50.5 ng-L~" Z (8], F-2{H Ky
33.5 ng-L™ 430l g il 7RG HE T OCPs 1Y
21.81% ., 15.63% . FRWIFH AT T 5
R P 2k AR T 6 A ALDs A A A% R AL
FHXFEE .
2.5 MR HLEAR 25 R IR AT

TERG LI R R 487, DDTs Al OCPs ¥ B K/
WU IR 1 > BV > 2B A 1 HCHs 3
PEEAETS > Z il 1 > B RFA L. FHAKEH T
TR GEH DDTs We B R/IMRIR N 22 F e > K5t
> > 5. T HCHs . OCPs N ZEF il
>R > BRE > A M. MWK 4 751, DDTs
HCHs 1 OCPs 7EH AC | B LU R [ rhyf B 4 2
A < WO BEMRREAUET T 37057 2 e R 9
Ui, B 2 o R it 7 AR Kt AR T V5 K HE AT 7K
rp B RIE KB W R K EHEADA
H R T G V5K — TS K R HE R A BTk
KR B TR B i 3P i S8R KR T Y s K i HE
A2l 7 K 21T i [ (8 95 AR e A BT
Al ) 95 7K 45 g 8 2 e TR bR YR 1R i
15K BRI AR B R i, i A S H il fe b A 1
Rt VYR AR W 388 AN W42 32 79 A0 b 3 7K 3 2o 7% 7K
TAEE T A 25, DA SRR R 1 24, 2S5 B, 4B
IR B AN . T 0T 32 B 7 A 3k e o o ) 22 K
SR EE. TN AR B K A R U e T T
YW 2 R UR. SO A ML R I T OCPs |
HCHs 1 DDTs ¥ BE¥ i H R T A M.

45

40 L @ m
35k '§ §
ZA HCHs

e NN
& 25 \
§ 20 \ §
15 - \ \
10 |- \\

i 7/
j 72N 7=\

NI N2 N3
R

Heligng L

T LU b YRR A T R AR OCHE R I R Gerh R
It OCPs e B2 3¢ 5, Rt R A6 VS ¥ 00 T F ok
FREBR S K SR 025 Vi M P, b T 7K BT A 3 B 5 st
M1, 2S00 B DBRRIR S /N i 32 3 5
MR, HFPCREE S AT AR, N2 5 N3 X}t
K, MELAFE f# 1Y B-HCH 11 p, p'-DDD 78 £ J2 A1
SRR YK TR, T R — R -
TY-A R R R IR R, E AR RN+
HANEEMAI ARG TIB MR FTERNRZ
— DR M A T T A R A LR A
Ga s 1 7 N N W VA2 vl L G e /B2 R e S
XA HLEAR 2557 T4 T5m ZU B, T2 ke e A
LS EE AW, T 52 5 A HLAA 25 78 L1
WEEAPE L M K K A TR i, A HL A A
INRIE | S5 Z B E R 2. T OCPs
SR ZEA SR PR E. 2R R AT OCPs ¥
KFE AR IR G HALCRAE S, AR R
W24 3 2 G K AR R T b R T4 A L
AN TE TR, SRR IR 2R R LN
HCHs, DDTs, OCPs % R i 34, #b F 45 38 X A
PUEAR 25 AL VE FH AR Y (825 R B oy T 3T
BRI GG R TCvk #E 4T, A R T AL
SRZGIIRER Mo T RS B (B IR SR . DT
Y ) X K M % 2 W B VR T R 1 A IR
RIREE , A R FAPLEAL K. R, 250 A%
FEMILEHD TS B o R B i, B R RO 2
KI5, A FITF OCPs #4 & , fe hik = Wi 9 = 2= A=
Yris s, A R TF OCPs 1 R

300

(b) AR
250 + §
200 | \
N
150 F \ \
100 | \ \ \
b LR TR
0 . , \J N
Q1 Q2 Q3 Q4
TRt

B4 3FRZE7KH OCPs, HCHs 1 DDTs #9437
Fig. 4 Distributions of OCPs, HCHs and DDTs in the superficial water

3 WTARBENSKAKETREEN
H1ZE 5 AR, 3 [ A4 A= 3 RO K T A= AR v X

HCHs 1 DDTs fr 1E BR B2 M % 4 % 24 5 000
ng-L~'R11 000 ng- L™, 5 T A 4 4%} y-HCH
1 DDTs E T BR B #4242 000 ng-17'12%0,
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Xf G R, B L T T b T T AT R O MR Y
AT BILSAA 245 55 BE B RH O A, 2 T Ao v [ A

T T A B R K BT bR o, R 2K Bkt e XL 52
i 55 /)N .

x5 AREMXKFEH OCPs KIiTHERKTE/ng-L~!

Table 5 Comparison of OCPs pollution among water of different areas/ng-1 ="

R > HCH Wi > DDT #fE Sk
i ] [ R K K B i HCHs < 1 000 DDTs <50 [27]
H [ el K B bR v v-HCH <2 000 DDTs < 1 000 [28]
o A TR TR K BR HCHs <5 000 DDTs < 1 000 [25]
TS A 20 ZUROK K v-HCH <2 000 DDTs <2 000 [26]

W WF 98 XAKAR OCPs VR JE 5 E NS 3 | HL T
WEFEAH LA (UL 3% 6). B Ll Ml i) /K /& H HCHs
IKRFEITAKIE, T 7820 1Tl B b
T, DDTs AR F )7 V5 A i ) B EE b ER M
N A R R, L R R T K A OCPs
B L R 280 IX AR, 76 N A TR A5 K

AR SCHL T W HCHs AU/ T A 5t RBIX | 74 ) 4h
IRUL AN IR 7K, DDTs AL/ F S |
T H I R OK, IS R R, TR OC R R K A
OCPs ¥ K 22 5 X 1 5, (H 575 YL A o (0
X B W BE SO SR AR =, 7R [ A b T o S i
IKF-

%6 AREHMEKEH OCPs {5557k F/ng L~

Table 6  Comparison of OCPs pollution among water of different areas/ng-1 =

KR R > HCH ¥ > DDT ¥ i ik
BT K 3.93 ~38.9(¥fH 3.23) 3.71 ~16.0 ({4 8.82) [29]
JEmxBIX ik 3.87 ~ 147 N.D~13.98 [30]
iy 6.14 ~121 9.66 ~ 108 [31]
P bR YT 21.7 ~715 (391 327) 68.2 ~279 (¥{H 124) [32]
VA T T N.D ~14.2(¥114 3.55) 0.09 ~9.10(¥fE 2.91) [33]
BN H ] W 14.9 ~21.4(¥J{H 19.1) 12.6 ~16.2(#{H 15.1) [34]
R b o] 0.61 ~3.46(#{H 1.56) 2.13 ~8.83(¥fH 1.56) [35]
Kucuk Menderes River 1 H-H: 187 ~337 72.0 ~120 [36]
ﬁm‘%jzﬂﬁl%ﬂz?m W 4.81 ~18.7(#{H 10.2) 1.77 ~5.35( 1A 3. 65) KB
H AR T 34.1 ~115( 314 81.9) 14.9 ~33. 0( H4MH 26.2)

PR s S /K fA Hh HCHs . DDTs ¥ B Ab T 25 K -

(DHFARK, Ml TR R a54E 18, 16 Ff
OCPs fA7E AR B EEAG . 75 K SC M F 3f vh HCHs
T SR T e 2 25 ), B 1L e R b ]
HCHs Hl ALDs J& =554,

(2) P T ) i 3 HCHs = 22k U5 2 AR )
AL EE I SR T S5 gy R CH  ERY
H XA B HCHs fg A, DDTs k@ T s BT
Ak DDTs ff A, 58P F 2ok 3 R

(3) 51U HL R P OCPs . HCHs ., DDTs i
INTFRE AR H R 53 e 0 ) 2 A 6
P R OCPs MRS I O KT AR, W2
K il 2 £, OCPs H 32 E A M 0], 763 88 i 72
B M. DAY OCPs R4 5 B kit
ABIRIZHEG R, m LTS K250 R
ARSI ARG ith LB SR 5 1 .

(4) 5 E WA HCHs . DDTs #H &8, 7

T AR T AL T b S5 i i K F, HoR B A Ak
KR, TS YL R 1 T AR OC L XA (kA FH i ]
AP ORI ] A2 25 PR

SE
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