2018,37(5): 974-983 Ko RO R ¢ 2 4R 2018 4E 5 A

Journal of Agro-Environment Science

F 25, PRl BALEE, 5F. REAR S IE IR K R A MLARAR 25 43 A AR SR & W PR KR PTEAR [T]. AR R4, 2018, 37(5) : 974-983.
FU Xin, LIANG Yan—peng, QIN Li—tang, et al. Distribution of organochlorine pesticides(OCPs ) in the water body of Huixian Karst wetland of Guilin and envi-
ronmental risk assessment of OCP mixtures[J]. Journal of Agro-Environment Science, 2018, 37(5): 974-983.

ERSlEa Ttk PP SR 5 T
R & IR XU P Ah

BOE T, RN, ALY 0, B 120, Sk R S, EHOR 1, RR

CLAEMREL T RAE IR RL A 5 TR B, RERK 5410045 2 HARE TR 22 P35 ’ﬁihi’ffﬁﬂlii%%ﬁﬂii,éigﬁﬁ,ﬁﬁ 541004;
SAEMRBE TR A T M DK T Jedis il 55 FK 2 PRI DR R BB oL, BERK 541004

# E RSl SR K AT A ML 25 (OCPs) 5% B 7K A 4R AE SRIE NSRS KU , 43 51 F 2016—2017 4E P04~
ZETAEWFOY X IR AR 1R /K GO A SR /K ) A3 2 1 T /K AR S AL 88 03, 1 A AAH (595 (GC-ECD) X A 15 Flt OCPs 5% B3 & ik
ATREINAAEIE AT, S5 SR 3REH, SIS Hb W AR AN EH T /K FP g OCPs 5% B 231 L (38948 4351k 68.7~305 ng-L'(137 ng-L-
1).77.4~211 ng+ L (137 ng- L")l 24.6~76.4 ng-L™(38.6 ng'L’l),,\':F‘/—\— 7N(HCHs )& fx FER 5 YY), i & OCPs 11 61.7%L) |,
HE+H542% OCPs A (DDTs ), 5 [ P AMLA ML X K& OCPs ¥5 4L L, BF5T XIS 3 /K OCPs V5 42 b FH S K, )2 1
7K OCPs 54 4bF Hr 857K, [RIB 32 2% OCPs 5% FAVRBE = T HABZETT . VRRAEZ 43 LU (i ] ifiA HCHs 322000 A 7 s 5% 7 L {H 2016
410 A ATHER F MRS s DDTs (AN 584, T REA 54500 A o OCPs R4 4 RUG TG 45 SR 2 B HT e 0 BP9 KoKk A rf 15 Fh
OCPs f Uk , R Ry B2 A2 15 B OCPs JRA W%t 2 1 T /K K Az AR AR 8E HAT vR 85 U, I X b koK AR AR SR IR B &
AR
KR AR ZY s AR 2R ; 558 B RRAE ; KU Al
HESRE X8204  XEREMG:A  XEHE:1672-2043(2018)05-0974-10  doi:10.11654/jaes.2017-1339

Distribution of organochlorine pesticides( OCPs) in the water body of Huixian Karst wetland of Guilin and

environmental risk assessment of OCP mixtures
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Environmental Pollution Control Theory and Technology, Guilin University of Technology, Guilin 541004, China; 3.Collaborative Innovation
Center for Water Pollution Control and Water Safety in Karst Area, Guilin University of Technology, Guilin 541004, China )

Abstract:In order to investigate residual levels, distribution characteristics, sources, and environmental risk of organochlorine pesticides
(OCPs) in the Huixian Karst wetland of Guilin, 88 water samples were collected from surface waters (lake water and canal water) and shal—
low groundwater in April, July, and October 2016 and January 2017. Fifteen different species of OCPs were quantitatively determined using
a gas chromatography with an electron capture detector(GC—ECD ). Results showed that the residues of OCPs in the lake water, canal water,
and shallow groundwater ranged 68.7~305 ng+L™'(mean value:137 ng-L™"), 77.4~211 ng* L'(mean value: 137 ng-L™), and 24.6~76.4 ng-
L'(mean value:38.6 ng- L"), respectively. A majority of the OCPs detected were HCHs, accounting for more than 61.7%, followed by hep—
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tachlor(heptachlor and heptachlor epoxide ) and DDTs. Residual levels of OCPs in the surface water from the Huixian wetland were present

at higher levels, whereas moderate levels of residues were observed in the shallow groundwater, compared with respective data. Additionally,

the highest residue levels of OCPs were found in summer. Results presented herein indicate that the HCH residues were mainly from a his—

torical source, whereas the source of lindane might be from a new input as of October 2016. The residues of DDTs were most likely due to

their persistence against degradation. Environmental risk assessment of the OCP mixture suggested that crustaceans were the most sensitive

aquatic species, followed by fish and algae. The mixture of OCPs showed a moderate risk to aquatic organisms living in shallow groundwater,

whereas it posed a high risk to living organisms in the surface waters.
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Figure 1 Map of the sampling site in Huixian wetland
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Table 1 OCPs residues in different water body of Huixian wetland in Guilin
WK TIRIK HIEH K

W&W gwm s AR KR SERV MU R RIS R R bREXY R
ng-L™ ng- L™ ng- L™ %o ng-L™ ng-L” ng- L™ %o ng- L™ ng-L™ ng- L™ %o
a-HCH  1.61~504 947 8.70 100 1.71~161  7.66 3.79 100 ND~3.76 156 1.18 70
B-HCH  125~129 644 27.6 100 19.0~143  65.8 30.5 100 7.13~413 150 9.80 100
y-HCH  2.11~31.0  5.46 4.19 100 ND~103  5.00 242 95 ND~291 037 0.92 15
5-HCH  6.28~41.6 104 6.77 100 279~19.9  10.1 458 100 422~106  6.89 1.41 100
L& 3.62~424 137 9.27 100  ND~239 104 6.97 95 ND~109  5.01 274 90
YEF  ND~7.05  1.70 1.22 97.9  1.09~633 230 1.71 100 ND~4.21 1.22 1.22 70
HELA 077~17.1 519 5.02 100 0.62~41.0 475 9.07 100 049~2.18  0.94 0.41 100
S 0.85~3.09 116 0.50 100 0.85~62.9 536 14.3 100 052~6.89  1.16 1.35 100
a-Hift  0.89~3.78 129 0.52 100 094~10.7  1.95 2.15 100 041~2.85 1.0 0.46 100
p.p’-DDE  0.82~364 822 8.48 100  ND~144 637 5.16 95  0.81~2.03  1.08 0.35 100
SAKECH] 032~29.7  2.80 5.12 100 038~821 144 1.85 100 ND~3.08  0.57 0.62 95
B-HiFt  038~142 496 3.43 100 0.74~28.0  4.70 6.13 100 036~3.92 129 1.16 100
p.p’-DDD  ND~391 029 0.79 188  ND~23.1 253 5.55 55 ND~2.67 0.2 0.64 15
p.p'~-DDT 2.98~8.85  6.30 1.22 100 1.02~8.85 579 243 100 ND-~336 132 0.91 85
FIARIEE ND~3.78 152 1.14 792 ND~9.95 262 2.19 95 ND~2.78  0.78 0.88 55
SHCHs  36.8~220  89.8 — —  402~171 886 — —  138~475 2338 — —
SDDTs  4.92~432 14.8 — —  739~279 147 — —  081~454 262 — —
SHepta  4.40~59.4 189 — —  212-477 152 — —  077~117 595 — —
SOCPs  68.7~305 136.9 — — 774211 1372 — —  246~764 386 — —

" FRTHE ;ND H At ; SHCHs=(a-~HCH+8-HCH+y-HCH+6-HCH) ,3DDTs=(p ,p'-DDT+p ,p'~DDD+p ,p’~DDE ) , 3 Hepta=( L%+

AL FESWFIE. T,

Note: “—” means no data; ND is non—detected ; XHCHs represent the concentration of a—HCH,8-HCH,y—HCH , and 5~HCH ; ZDDTs represent the con—

centration of p,p’~DDT,p,p'-DDD,and p,p’-DDE ; ZHepta represent the concentration of heptachlor and heptachlor epoxide ; The values in parentheses are

mean value. The same below.
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Table 2 Comparison of OCPs residue in different area
TR IS X35, SHCHs/ng L™ SDDTs/ng- L™ S Hepta/ng-L™! ik
K Hi1H] 14.0~44.0(25.7) 18.1~28.4(22.2) ND~3.59(2.23) [16]
2L 19.6~22.0(22.2) 14.7~24.6(18.2) 15.4~27.2(22.7) [17]
Gomti i, EPJEF 1.63~369(46.7) ND~75.0(5.97) ND~56.0(11.6) [18]
Anzali {g3 , FEH 16.3~106(57.7) 47.3~129(90.1) — [19]
ORI R AR (Kb ) 6.44~25.7(18.1) 4.71~70.8(18.0) — [20]
BT IR N ND~141(24.3) ND~11.1(2.03) — [21]
il i K 36.8~220(89.8) 4.92~432(14.8) 4.40~59.4(18.9) ARWFH
Hi K DT 5 0.03~135(17.5) 0.05~13.3(3.36) ND~0.26(0.03) [22]
BRI =AM 0.60~8.11(3.28) ND~3.41(0.91) ND~67.6(9.54) [23]
Gangetic J5, EJEF 0.56~2921(209) ND~266(16.5) ND~291(10.3) [24]
Terai #1[X_, E[1 & 0.70~2.65(1.49) 0.12~13.2(4.35) — [25]
E T T I ORI 7.38~224(46.5) 4.06~187(44.2) — [20]
B 3T ] 21.5~715(327) 51.8~172(87.1) ND~153(31.2) [26]
Sl )2 R K 13.8~47.5(23.8) 0.81~4.54(2.62) 0.77~11.7(5.95) ENTE
[F) Ao R0 Ry 5 2 v T A — AR5 (] 2) o Zhou %6 160r . e
X BRI M 2K Y OCPs 74 B BV A 45 s 2 ) wot L @
TR OCPs 5% BRI T HAL TR 1T, 3R A b R4k o[ A
T A B SES FECOCPs TR £ 3 .
R K H OCPs W THR o 45 A A9 X s bre 5 sol|
WL, e BN 2016 4F 7 1 (B2 )W Bt 2 " ol
1T 2016 4F 4 7 (F %) fHK A OCPs 5% B ¥k i whl i
%}ﬂﬁﬁ%&%ﬂ:%éo /ﬁ\:}ﬁm‘ﬁg% 2016 ﬁg 4 ﬂ g :..E....#ﬂyﬁyk ....... Rk ‘&Eil{;‘:’k

S 7N TR CIE TR 3 RE /DN R I T R R K R ) R
T 2016 4F 7 1 22 29 [ T (I TR 58 B2 522 ) 1]
e KR /N ) R, S B KO T S Ak
FHT b S i DR, 170 6 2 R R /R A el fe K A
OCPs Wik Fe , TR B 5 2K (A OCPs 5 B VR AE
mTEZE. JFH, 2 hlieih = =0k m KRR AR
B KR 2 AR RO T & KB M/ S i 1 b
PSRRI SR, LI 2T TS 28, 15 YL R 4R S
R R AR TH S A8 198 A TIE , ] I m] RE4 Ak
5 Qe e AT I8 (E AR 3R A vh ARz &, i
GG — 2D WA o T, B AR IREE A28 AE A A
15 Sl AT RE S 2l K 14 OCPs 5% B 45 i 5
AR

TE 48 WK A, B OCPs fi s tH e L
HBUE LI RAEGATREE, & OCPs #E IR F) 305
ng L RNz ) R 700 L2 SRR (B DR s i
H R Bt B A 2, AR 3 SRAE A5 Ut B A
7o IR HA KA, U3 ) X R 7 g3 A 1
SRR P RGE , XHAlE AP AT i BRI -

2 S{liEH =Fhok ik B OCPs FEFTELAHE
Figure 2 Seasonal variations of the total OCPs in the three water

sources from Huixian wetland

TURPAZ OCPs [ PE” , 75— K1 55T OCPs X
SEHR B 51K R I55, L1 Al
L2 SRS A ZE KR OCPs YR BETF i, AR T Rg S i
Y OCPs TESESHIBIE T /K ARV st il T8 SR /KAE
ftr ek OCPs f5 = A6 HH vk BE HH BILAE C1 RAE s B K
B, B OCPs RFEIR ) 211 ng- L7 C1 RFESNFER
Sk % 11, A R KT FRURE L, ST AE VR R R T g
JERENREHHEK  SRGICA SIS . 7 F 2 R A
WA ) T R4 o (0 s ), A 24 P B o B R Y ELAR
M EAT T 4 Thi B, ARG HIR L OCPs #E AZKIA ]
T R AA. RIE, C1ORFE S ZKAE OCPs Y
A DR AT B SR A HH R R ik mHT i A OCPs
BEAIC ARG E5A C1 Rpf s . BARTR)ZH T K
OCPs 5& /KA (H i i 5% BV (76.40 ng- L) J2
HARBR B (24.6 ng- L)Y 3.11 %, BRI KM



B 2% AR A AR MK b TP DL SEACZY 5 E TR A PSR SR P 1

S HAER R B L BLTE G4 RAE S Z K,
G4 SRFE L FAHEIX, HRFE s IR, 52 NRIE
BFEN D
2.3 OCPs SEiEiR R

Tk ST/ ff 2% HCHs 5] AFRE
zZH TSN FERN SN a-HCH(60%~70%) |
B-HCH(5%~12% ) .y—-HCH(10%~15% ) .8-HCH (6%~
10%) , P} M4k y-HCH(99% ) . £ M /S7/S7SH, a-
HCH/y-HCH Bl 4~7. BT y-HCH (1) % fift ik %
T a-HCH, ¥4ith o-HCH/y-HCH HH 23 Bl [H]
PRSI T o A RS HREEE Y, a-HCH/y-HCH
FCAE B RAA . TR, 24 a—HCH/y-HCH BT 1 B,
FORAFMPHR AP, 5 o—HCH Fly-HCH 7] LA
54k B-HCH, H. B-HCH X4k WK it LA B0 i
Pk, 24 HCHs KA RE AR5 R 58 42 B, B-HCH FE3R 5
i =S A . R, B-HCH/(a—HCH+y-HCH) H{f
Al /R EE RS A b HCHs J2 75 0 P s y5 4, 241k He Al
KT 0.5 /R HCHs %A 77 85 44, y-HCH #
oz 1) 70 A~ KA R 45 HCH S AR 2 g Fe ik an ] 3
P o BRIAKFE A 3 ASFE i a-HCH/y-HCH [ fH
KT 4 DAk, RSB/ T 4, 3R 21l oK 14
H OCPs 75 4% FE20ok A MPHIT . —FpoK ik B-HCH/
(a—HCH+y-HCH) FL{E Y KT 0.5, F B 21l K
A B-HCH 5 HCHs 19 1 71 55 , HCHs B 45 H
64, 12 HCHs #F A2l F A uESE . #kZ=(10
JWIAAR)ZH T KFE 5 Y o—HCH/y-HCH H{EYY
T 1, WK 3a & 3c, R SAIMEHLAE 2016 4F 10
AAH IR A, BARTTREC E ALK

FEFR ], I 6 AN = S A W A A 7 R
J& DDT V54 i F 2R . Tl a5 4 4147,
45K p.p'-DDT(65%~80% ) .0,p' ~DDT (15% ~
21%) .p ,p'-DDE (4% ) F At {b &4 . DDTs FE4F4E IR
BRI A YR %l DDE, 7ERA IR T AT w4
Féf# A DDD, e84 % DDT A OLF ,p,p'-DDT
ii & DDTs i L R, 1 p,p’~DDE+p,p’-DDD J}
o AWK (p,p'-DDE+p ,p'-DDD)/SDDTs HH
AT RS A8 DDT % A, 24 (p,p'-DDE+p,
p'-DDD)/SDDTs>0.5 B, F2RIdgEh DDT k4 h
T4 1% 4 5 p,p'-DDE p,p’-DDD p,p'-DDT #£
SR IEIIA A IR ZE T K R L A . A
TR ZH T K p,p'-DDE (G B & T p.p' -
DDD, ¥k p,p'-DDE 8 HFIAE T p,p'-DDD,,
FB DDTs 75170 AR J2 1T 7K H 32 288 DG S % i
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Figure 3 Composition of HCH isomer in different water bodies
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Ry 3 VIR K R DA R o AETE T TR R
JZ 30T KL 88 AIKKEH (p,p"~DDE+p ,p'~DDD)/
SDDTs AR TE BN 0.09~1(CEH{E K 0.49), 4545 4
IKBEETF 0.5, 5 BFEATY 51.1% ., FBHRFSE K S8k 14k
o DDTs i A58 4, 340k B O 05 A o £ 58
SETSHEREMCE VTR 7 L HERIR S OCPs 75 Jeff 52
T HH T ORI ) 4 5 208 DDTs iAo
I, S X X e 25 A B

Tk T 140 ZFEA ALk, Hd )t
R ESHREAE IS R ALELED, B AR &S
X S5 R T F R 1, S e
ST T WA, ABIFE X SR A o A i e X5
PSP AR K F] 100% , 28 B2 Al K 4 b
IR HR A o L& T2 I THE SRR & H
B AR T BB A, FACH™ W 4 L S
WA JASEK JRIZ T K o B SRR A B SR
43504 13.7.10.4 5.01 ng-L™ #15.19 .4.75.0.94 ng- L,
LHEWRENHEETHAACH, LR T it
FEHTPHAHAE SRR 5SS i E
A, H L a—BR PR BT 2 A SFAARTER A LA
2y 738, SAINEHL A RAL UK a5 B-Hi
FHAEE LLIE A 0.05~3.24 S F3(E R 0.87, BB AR T 7:3,
T AL P I IRAIRE C R A M2
2.4 Fkffeh OCPs iR & ¥ IREE XU B 74

SR B S BRI H B — ) I 11 2 % B A T R &
WXt K A AR S ERBE I XU , A SCifik[43-46]F1 PPDB &
2y JEMERE EIR AR 15 Bl OCPs X325 722 A
2R BEE B (ECso 5% LCso) , I A iZ B3 B0l A
PEAG - (AF=100 )i 15— 49y 5 1) P00 TG 250 1 vk JiE
(PNEC), HLIARZL{H 3% 3.

{6 AN RE S B9S2 OCPs Y B 43 BT 003
VAIE AN 21T K RQurcmnec KF 1RSI EA
Joi BREAMI LI (K 4) . FRIZHTF K 15 FOCPs
1) RQuecrsee BI/NT 1, S04 7E 0.22~0.98, R4 X
6 5 2 7K (I YA AN 8 B K ) Hp RQumemrc KF 1R
an BUR R 81.3% LA |, A i — 25 TR 2, B 7
=27 RQsw 115

X RQuecenec>1 Y 56 A 43T =48 57
iy dE M 2B 2 N (STU ), 15 31 e K ik 24 B 2 A
(maxSTU ), %2 52N IEX] maxSTU 1 vk Hb
1143514 0.76.8%F1 23.2%., 7% maxSTU 1 57
KB K a2 A $2 44 maxSTU B H 52
2K 2311 1 b e K 15 B OCPs 1R A 90 il il

J, O AR

XF 56 4~ RQupomec>1 A ML KA 3158 RQsw,
Forp Ay 37 SRR RQsn>1, i L R K FEA B 1Y
54.4%, Z5RFW Sl F K 15 B OCPs TR

F 3 AR 15 F OCPs T FN TR A LR
REE(ECs) , S B R HBIER B (LCs) , AR Tl
TR iR B (PNEC)

Table 3 Half effective concentration( ECs,) for algae and
crustaceans as well as half lethal concentration(LCs,) for fish,and
predicted no effect concentration(PNEC ) values for 15

organochlorine pesticides

wK FEHK >
REIEI (3010 (g g ) (6 mYmg L o
a-HCH 10 0.37 0.82 3.70x10°
B-HCH — — 1.52 1.52x10°
y-HCH 2.5 1.6 0.002 9 29
8-HCH — — 1.58 1.58x10*
L& 0.027 0.042 0.007 70
SCERH — 0.028 0.004 6 46
WL 200 0.24 0.02 200
M ST 0.362 0.59 0.09 900
a-BifF 2.15 0.44 0.002 20
p.p'~-DDE — 0.001 0.032 10
FEAK G — 0.004 2 0.007 3 42
B-Hi St — 0.962 0.002 8 28
p,p'-DDD — 0.009 0.07 90
p,p'-DDT 100 0.005 7 50
FH 40 T e 0.6 0.000 78 0.052 7.8

TE O SRR IO 5 1 B8 oK Y5 T AR 56 SCRiR[43-46] R PPDB
R,
Note: “—” means no data;the toxicity data are derived from the rele—

vant literature® and the PPDB pesticide database!*’.

* 4 AUSKATEMR ARMEEMT
IR ROQupomec #8 H EE 2R
Table 4 Frequency of exceedance of RQygepic for the pesticides

compounds detected in the lake water, canal water and groundwater

I AL ROQuecenec 8 H HEH/%
WK 48 81.3
HEK 20 85.0
HEH T K 20 0

1 : RQurcrsee #8 H H R =Zn/N,n J& RQueorec KT 1 BOFR A B, N
Fe TR HLEARZT R REA ST

Note: Frequency of exceedance of RQuicec =2n/N,where n is the
number of samples with RQygepic ratios above 1,and N is the total number
of samples with analytical measurements for the pesticide compounds select—

ed for the study.
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EYXK ARSI AR K. I, T2 E 57
0B PE RO A1 2 FARAL 27 B TR 0 XU 1A
AR T A b ARl

3 £

(1)15 Fl OCPs 72l K AR H 58 A [ A i
ozt , KB4 OCPs £t 2 95%~100% . H17AH 7K &
OCPs 5% B85~ 68.7~305 ng- L™, F-34{H A 137 ng-
L 1K i OCPs B} BRI Ky 77.4~211 ng- L7 -4
{6/ 137 ng- L7 {RJZH T /KR OCPs %% B3 30 [l ok
24.6~76.4 ng- L' SEI(E N 38.6 ng- L', OCPs 5% Y ik
A BN, WRINE RS THESR K
AT,

(2)HCHs .DDTs Fil-L 425 OCPs & 23 il 1 7K
i OCPs BR B 1Y 44 . 5 5 PN A1 At b X 7K A4
Fe L 2R M FE 7K OCPs ¥5 YL s T4 w5 7K, 2
T 7K OCPs 1544 4b T rh 45K

(3) i@k A4 h HCHs =325 [ kP4 s
Jiti 1,5 2016 4 10 J A3 HihkFHi A s DDTs A5
4 A SL1%7KARFE S AN AN 23 B 45 5 I 7 i WA 8T
i) DDTs 224 A

(4)H FExF 2B F oK 15 Fh OCPs 1R
B R ORI IR ZH T K 15 Fp
OCPs AP K AE ARSI A PSR RS, AR
B oK 15 F OCPs IR B WX KA AE S AR
FLA R RUBSE , I B s SR IS 3 i o
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