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chlorine pesticides, six organophosphorus pesticides, three triazine herbicides, one amide herbicide and one substi-
tuted heterocyclic herbicide) in surface water of major river basins in China, including Yangtze River, Yellow River,
Taihu Lake, Songhuajiang River, Heilongjiang River, Dongjiang River, and the east and middle route of south to
north water transfer project. Surface water samples were analyzed with solid phase extraction-gas chromatography
coupled with mass spectrometry method (SPE-GC/MS). Risk quotient (RQ) method was applied here to perform
ecological risk assessment. The results showed that a total of 9 kinds of pesticides were detected in 27 sampling
sites, including a-HCH, a-chlordane, y-chlordane, simazine, atrazine, acetochlor, prometryn, dichlorvos and oxadia-
zon. The detection rate of atrazine, acetochlor, prometryn, dichlorvos and oxadiazon were 100.0% , 74.1%, 59.3%,
37.0% and 33.3%, respectively; a-HCH, a-chlordane, y-chlordane and simazine were only detected at 1~2 sam-
pling sites. The concentration of atrazine ranged from 7.0 ng-L™" ~1 289.5 ng-L"; acetochlor was detected at con-
centration level from not detected (ND) to 579.9 ng-L™; prometryn was detected from ND to 104.2 ng-L™; oxadia-
zon was detected in the range of ND-32.6 ng-L"'; and the concentration of dichlorvos was from ND to 204.5 ng-
L. It was found that atrazine posed a potential risk in Taihu Lake, Heilongjiang River and Songhuajiang River;
acetochlor posed a potential risk in Songhuajiang River; oxadiazon posed a potential risk in Yangtze River, Taihu
Lake, Heilongjiang River and Songhuajiang River; dichlorvos posed a potential risk in Yangtze River, Yellow River
and Dongjiang River. Among the above-mentioned four pesticides, only atrazine and dichlorvos were listed in envi-

ronmental quality standard for surface water (GB3838-2002), and there are no criterions of these pesticides protec-

tion for aquatic organism and ecology .
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Table 1 Sampling site and sampling time
bk KL iz E2YE S KAL)
River basin Sampling site Latitude Longitude Sampling time

Al 32.17646 118.87797 2014/7/25
K A2 32.18227 119.56799 2014/7/25

.. ?I
A4 31.92940 120.25650 2014/7/24

Yangtze River

A5 31.76386 120.93368 2014/7/24
A6 31.3823 121.54124 2014/7/24
Bl 31.51622 120.23940 2014/7/26
. B2 31.50378 120.12381 2014/7/26

K
B3 31.31141 119.93195 2014/7/26

Taihu Lake
B4 30.94479 120.13105 2014/7/26
B5 31.21982 120.46805 2014/7/26
| Cl 36.05350 103.92738 2014/8/03
Yellow River C2 38.24409 106.53266 2014/8/05
. D1 43.71704 126.68361 2014/8/17
FAFETL
D2 43.90718 126.53085 2014/8/17
Songhuajiang River

D3 45.77832 126.61100 2014/8/10
BIpIT El 47.70268 132.52557 2014/8/14
Heilongjiang River E2 4837157 134.28963 2014/8/12
kAR F1 34.79187 116.98630 2014/9/10
East Route of south to north F2 37.57010 116.32480 2014/9/11
water transfer project F3 3249133 119.49722 2014/7/25
KL PR Gl 32.82798 111.52630 2014/10/22
Middle Route of south to north G2 32.81089 110.82220 2014/10/23
water transfer project G3 32.55267 111.50220 2014/10/22
H1 23.72429 114.66491 2013/12/10
4 H2 23.05694 114.09513 2013/12/10

RIL
H3 23.13964 113.73621 2013/12/10

Dongjiang River

H4 23.08644 113.55045 2013/12/10
H5 22.92272 113.60521 2013/12/10

1 ## 57 % (Materials and methods)
L1 SRFES T SRR AR

2013 4F 12 A #2014 410 A, fEFRE /A KHEH A
TR B 27 A SRAE (1), S TECRAE A S5 1
T RITHE(AL, A2, A4, AS Fil A6), Kbl H(B1,
B2,B3,B4 #l BS), # A k(C1 F1 C2), FAFEVT It Ik
(D1,D2 #1 D3), B ITHE(EL A1 E2), B /K AL
LR MIZREL(F1,F2,F3,G1 1 G2), AR VL (H1, H2,
H3,H4 F1 HS), B RAESCREMFR K 2 L, K
AR RZKFELE 5 H A7 320 08 0 [ AH A B R AR 2
1.2 Lk R

ARl A DLER A4 a7 SIS

A AV AN AV AV AN S AWAWANNS 3 AW 11 7 QAN 11| R 22

KICH], a5 S y- St p,p’-DDT, p,p’-DDD, p,
p’ -DDE i FHin R | 52k FGEE | 52k ER £ 5L 3R
S SR ST TR U — R R 2 A3 . TR
VYRR B A LB AR 25 9 . BRI IR AL
R B X B | P ol | 7 0 RN X Bl | T R 2 Ak
YRR A A 2R G40 F5 . £ e FIE R, LA |
FrvfE s ¥4 F Accustandard A R (€ [H), SE5H
F B G e BN IE O BE 4 A €6 3% 4l (Fisher, 38
), SEE 7K S Milli-Q B 4li7K , Pk MR /K Ak 3
FHIC /KGR 40 (S 400 , T /K i IR 40 4 16 FH iy 1 F
450 CFHET 5 h,
1.3 FESLRETALER TV

KRFERUCRAEKEE 2 L, 78 & R H 0.7 pm
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FLAR 110 B 5 2T A4k 08 RS 0 25 00K 00 , A T i 4
RYIRAREE o 7K FE & 4 o FH 5 4H %5 B (Solid Phase
Extraction, SPE), C18 #¥ (Supelco, 32 [&) fil HLB 4
(Waters , 3% [E)) 53 B 5 4 119 0 3% 5 [T RH 46 U/ VA S8 43
SIMEF 5 mL 9 G BE | H B RRE 4l K A R ik vk
WAk, SR 5 16 U 25 44 T K 38 i SPE /M
£ BRI/ ] 10 mL 40 B e, vk
T 2ead TOKBRER M B K S, RO B i 590 A I
Cke, EAF 0.5 mL J5 R,
1.4 AXER0Hr

1 o A A & B A8 ROM 35 1 (Agilent
6890) , K 2% N 2 HEAS 5975B FiA . (i ikl
DB-5MS #£(30 m x 025 mm x 0.25 pm), ZS N &
A E (1 mL-min™), HEHE DR 250 °C,
KA AR SR 1 pL, @S THER
J¥ o0 W16 LR 80 °C, FAFF 1 min, K5 Lk 20 °C -
min” {33 TF 2 180 °C, {4+ 2 min, ixJ5 LA 5 °C -
min” (T2 260 °C, A FF 10 min, i & 75
FVOATIELE 4> B4 230 SCHI 150 °C, L ik R
R 280 °C, Bk () AE B B T (SIM) R kAT 2
53HT,
1.5 sl

R T AR % W MER T 4 Al KO bR i 5 vk
e T 29 Fhfe 250 M3, IF R H FRAR 25 1) (i Ok
T FNARAE B T2 (5 B8 T35 2 by 29 Pk 2y
(AL 2 A T FRTE 0.5 ~5.0 ng-mL™" 4], 75 & 2 Fik:
YIa K RE ISR, 7 Ry SEBRAE & 153 45
A RARIERY IR R (99.7+9.1)% (n=27),

2 ZR 5132 (Results and discussion)
2.1 REGIUREE K oy A FRAE

PEAR VL B, R 30 A Ve 9 el A AR VR
B BRI TTI R AR VL r K AR T R AR L i
27 ASRFES T, — K T 9 PR 25, A dE a-7S oS
NS - ST PUEREE PR L PN
e R RN ERRE AR Hh RO e B A 0
B[4 37 8 (100.0% ) £ 55 e (74.1% ) Fb B (59.
3% ) EEER(37.0% ) FIFERL N (33.3% ) ; a3 S y-52
FHAIPE IS EE S ) JAT 2 A SRFE R, a7 7SS B
FER VTS — A a5k

LAY HE A MR HLEAAR 2 TE AR R R v HUR
T SN - F S -2 JFERA T B2 A4
KR, @RS TF 1.0 ng-L"HH
TERKACT e 2 A RAFE R T eSS S HTEK

VLU A2 RAE sk MR EE 203 ng- L7, MR
IR AR DA 24 B AICAS: H 58 R0 I Ik 2 FT g
EHTAVEALRAC SR E WK BIZEH, i
WAlBEH T X KA 25 — M B A K R fg vk, B4
5 o BLAE BRI R DR LA W A Py, T AN 2
TKAEA

Fz2 29 MM AIZR B A E FESF R ERER
Table 2 The retention time, selected ion and

recovery rate of twenty-nine pesticides

4 83 st ] HEE B T
S A /min [m-z") IR (n=5)
Chemical name Retention Selected ion  Recovery(n=5)
time/min Am-z")
52 Dichlorvos 4.83 185 187220  (69.2+82)%
a-7N7A7S o-HCH 8.84 219217221 (724+55)%
SRR Dimethoate 9.12 87 93 104 (93.6+7.1)%
PU¥HE: Simazine 9.29 201203 186  (90.4+8.0)%
B[RRI HE Atrazine 9.41 200 202 215 (90.1£5.1)%
B-7S7575 B-HCH 9.48 219217 221 (78.9+6.0)%
v-757575 y-HCH 9.68 219217 221 (75.6+5.6)%
3-7N/N7N 8-HCH 10.44 219217221 (84.7+8.1)%
% Acetochlor 11.26 223224 234 (94.5+7.9)%
M?jﬁiﬁffon 1148 263 246 223 (102.1£12.0)%
-£ 4 Heptachlor 11.73 272274276 (70.8+5.6)%
FPNHEH Prometryn 11.87 241226 184  (86.3£10.2)%
TL}i B Malathion 12.57 173 158 285  (100.9+9.4)%
5L Chloropyrifos 12.77 314 316 351  (92.4+6.8)%
W ICH Aldrin 12.82 263 261 265  (64.5+4.9)%
X Parathion 13.02 291235263 (100.6+12.4)%
Hepj}iiixide 14.08 353355357  (83.7:5.8)%
v-5F} y-Chlordane 14.86 373375377 (724+5.0)%
oA} a-Chlordane 15.30 373375377 (764+5.5)%
p.p’ -DDE 16.11 318316 320  (67.7£5.5)%
K &7 Dieldrin 16.20 263 277 345  (82.6+5.9)%
EELH Oxadiazon 16.21 258 302 344  (954+6.5)%
S ERH) Endrin 16.88 263 261 265 (1143+102)%
p.,p’ -DDD 17.57 237235239  (88.6+8.6)%
Eniiﬁi‘fyde 17.80 345343 347 (85.8+3.5)%
Eniﬁﬁfﬁfiﬁe 18.64 387385389  (99.1:6.9)%
p.p’ -DDT 18.87 235237239  (85.0£8.6)%
Ejjﬁﬁfm 2020 317315319 (86.0+4.1)%
l\ii‘fy{iﬁ 20.88 227228 274 (102.5£72)%
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AR (247.1 ng-L™) BRIL(135.6 ng-L7) K
TLIRIR(70.8 ng- L) RITH B(45.7 ng- L) HIEG K
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Table 3 The reported concentration of

atrazine in surface water in China

WRE/(ng-L™")
Concentration/(ng-L™")

- n ow oA ow
g

. 8

WRE/(ng'L")
Concentration/(ng-L” D)
S
3

M WL Fl/ng- L") B% 3k
Districts Concentrations/(ng * L") References
IR}
1513 [19]
Liaohe River
AL 1
. _ ) 45~189 pg-L- [14]
East Liaohe River Basin
KW
o 21.3~613.9 [15]
Meiliang Bay
M
. 6.8~83.0 [20]
Laizhou Bay
FRE AR E i AHFFE
) o o . 7.0~1289.5 )
Eight major river basins in China This study
14007 I Ba4s$id Atrazine
o~ 1200
-
o oo
B b
EEw
¥ 8 40
8 200
o-/\l A2 A4 A5 A6 BI B2 B3 B4 BS C1 C2 D1 D2D3 E1 E2 FI F2 F3 G1 G2 H1 H2 H3 H4 HS
250] XN A& Dichlorvos
% 20
—:‘néi 150
B E
® g
5 50
0N Ny A Ry
Al A2 A4 A5 A6 Bl B2 B3 B4 BS C1 C2 D1 D2D3 EI E2 FI F2 F3 G1 G2 HI H2 H3 H4 HS
35|55 % Oxadiazon|
_':__: 30
-:;,; %" 25
282
BE ;s
® 8
£ 10
© s
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Sampling site

1
Fig. 1

S IR i I 34, A A V0 3 Bl VT 3 3
RER A Y die M, K AG R R 2R 5 e R, R
S B SRR AR B A AE VTR BB e Y 8k, (EAE
B2 Fll BS KA 5 R 1 98 3 , B 4 for ek B ik 3] 1
756.8 ng+ L A1 6113 ng-L", 53 [ b oK 44 i
RERL TS YLt S F A — SE i (3% 3)AH LT LA
it DAFE G v ey or 7 b 3R K TP i vk B oy A
FEA T B = A 0 RR AR, B 5 A oY A R —
., A UAERHGE FA BT B 45 28, mT LA B
FERLEAE TR [ 3R K bR — B A A TS e
CHUREAE 20 N SRAE ARG A A B
7655 ng-L" % 579.9 ng- L™ Z[a], 4% i 81 2 v F
IR AT IR(277.8 ng- L) BB JpIT.(120.6 ng-
L) KITH8(50.1 ng-L™") maKIL AL (18.7 ng-
LYFIEG KL 2R(9.9 ng- L), Z B Ji 7E 4R VT3 3k
VB S AR A, & e e AR YROBE 5% vt 3
M T Ab AR G, BT A AR R T
FE A KA 2 ATk 7= b, Ba] 7 e R 2 g 2 TR
FEZR A M X R %) oK B BR 5D, 1 HL LA
TR AT 2 AH R S A Al R 0 AT L fige 8 B e r
TR 2 A 2 e VT RIS A6 T 355 b 3 7K b 1 5
R, FRIE M ZRK i & R Rk BE (GBI AR 2 L,
Xue ZFPHGE TALRUE TR ER B T 2 H e 1
W 0.55 ng-L", FaE5FPHA TIRE 36 4~

00 2 .5 H Acetochlor

2. 2.3

3

o]
8

1 BR #1554 Prometryn

g

®
8

2
3

N
-3

o
B

F3 G1 G2HI H2H3 H4 HS

Sampling site

FIFSRLE  ZERR BB R RS NBERES RERIRE

The concentrations of atrazine, acetochlor, dichlorvos, prometryn and oxadiazon at each sampling site
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ST K IR ACR H T 7K o 2B i (v FE K F- R
AR K WE AR R BRE HR R 66.9% , I H ARt
DX ARG R B B i, PSR B 1962 ng L iX 5 A
IR IEE R —3, e i A w8 A TR [
FIOK bR, 2L R 2R E M,

FINECATE 16 A RAESUCA R A6 ) Ve BE Y [
7678 ng-L" % 104.2 ng- L™ 2 [a], 4% 7 3l 2 v g
R L KA i 380 (42.6 ng - L) VT 1K (24.8 ng -
L) IS (193 ng- L) FAEVTIR (189 ng-
L YR KL AL (16.4 ng- L) ; #0] J8  ZRVT 3%
SRR K AL I RS ARG ., FDE A [ A b 5R
IR T GotR DA — SE B 5P (R 7R 3R il
A RLARE AR AR S B M TS K A rp I B v ik
FERIARKI(ND) ~21.2 ng - L™, S IE 7K A Hp 19
AL T R VRS o L o R YT S5 IR A AR AT
FE AR BT e I T A A R S TS K
A R B SRR T R SRy BT Wi b DX R A

FEE A 9 A RAE S, AR VLI R E A
HER K 100% , W AE 6.3 ng-L"' ~48.6 ng-L" Z[f],
JITA SRR R ORI A R B B = oM 204.5 ng L
(C1, BT o 2 42 A5 U HR T8 T v Y] g ol bt 3
K R B TR 140.0 ng L, SARU YA
M5 R

WERER LA 10 AR AE R Y, BR T B0 4k
FA R AR T 11 I N [ e RS D N O B S
Ko M EAE 5.1 ng-L"' ~32.6 ng-L" Z[A], Emilia
ROV I R Sy b, YA A SR AR PR 23R e
(A 24 22—, TR ] 7K P 45 v A DX R e i e 2 7K
FEHE AN Z | T B P R T LU
o TR 24 v (1 VG B A A YR A T A R
T BS AL VTSR D2 SRAE S A K, v B 4351
4412 ng-L"'f120.8 ng-L™",

2.2 MERIK AR 24 ) A S KU PR

A SRS PPN 2 o B SRR A BT A B e
FIPEN R R RAETS Yy 1 A= 25 RS A7 2 Fhids
& AT P B 38 % A 1S e 245 ) A 2 IR i A 7
WAL HWT 5 KBS R (RQATTHE T an R

RQ=MEC(PEC)/PNEC
Hrh MEC 2}y 5 3«9y 1 55 I 3R 85 vk 5, PEC

15 YL W T 3k B, PNEC Sk FUI0 JC 800 e i, A
WFFE A FH K T A 245 () SE PRV 2 MEC, TR TE AL
I & B2 (PNEC) [ FHPF-Ak PR 324, 4 1 75 e 0 1)
P PEREPEEI R F 26 EIARE JF & 1) PBT 40 AT 4,
TEHU AN HE I 5 (AF) 2 100 DL 75 91 1Y
PNEC® Bl REhr it | £ B0 e TR D 2 v I
fii %) PNEC 3% 5.8 pg+L" 2.9 pg-L".0.16 ug-
L' 1.1 wg-L"F10.08 pg-L', —fIAHN, 4 RQ>1
B, o8 AU RQ A F 0.1 F 1 Z [T, Ay v 45 KL
Bz ;>4 RQ<1 B AR Sy 7 ™A% AR <F
HPEH R K i A 25 BV TE 8 TEAS IS A
92475 YW RQ E T 0.1 B, RIBE A A R AE 1Y)
S5 )

AW T BRI | LR TR Fh
VR AR 5 ARG H 380K T 30% 19 4R 24 1Y XU RS
(RQ), £ T WU B e i B T3 4 o S5 BUR
FINE VR AE 25 Tt A XU TSI T 0.1 BT hiz i L &
ALY TR AP R AR P XU R T R 43 I R T
0.1, g K i (v TR AU 75 ey, b, BT
TEAE I IAL I | B8 VLU SRR A A6 VL B H A T TR
A=A IKUBSE 5 &R R A A6 VL300 3k 78 7 A 25 AU
WL P A A1V It S, A0 YAk S v 4 VL It SR R
VLA T 7 A 25 XU 5 SRR A R VL L, il
TSR AR VL3t Sl B A VS A 2 25 XU TR 1 A B 0]
T C1 RS RIR T 1, B m AU

DL b 4 FhE AT E AR A 24 b Bl R e 3R
b K Hh At g R B R R BT RR R R
SRICNET BE A% B A by O 2, 35k ] AR o R B8 S 1 35
B RS B A, A3 A5 R A BT AR i
15 YL DX b R K 1O 2 JRE BT R R S
BRI & R R B 1Y 6~ 10 £, BT Rz it
R T —E BFEAME, Vonberg S5 & 81, R4S
TEEGEE T 20 2247, #b R /K HpAT REAG I 21 Bl drhir
HRHAC I P 5% B, TR Hb 3 0K B B8 T o A 1
(GB3838—2002)H%1%f £ v i K 7K 57K B g 1 i)
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Table 4 Maximum risk quotients of pesticides in surface water of eight river basin

T (IESE AR LB TR FhE I E
River basin Atrazine Acetochlor Dichlorvos Prometryn Oxadiazon
KT Yangtze River 2.05E-02 5.14E-02 1.03E-01 7.68E-02 2.43E-01
K] Taihu Lake 1.30E-01 1.97E-02 9.47E-02 1.19E-01
#9 Yellow River 4.46E-02 1.28
FAFEYT. Songhuajiang River 2.22E-01 2.00E-01 3.07E-02 2.29E-01
S Jp YT Heilongjiang River 1.14E-01 4.36E-02 6.75E-02 1.78E-02 4.08E-01
rg /KL AR East Route of
) 6.46E-02 1.05E-02 3.40E-02 8.75E-02
south to north water transfer project
/K IL I Fh 2 Middle Route of
2.57E-03 4.03E-03 3.25E-02
south to north water transfer project
ZRYI. Dongjiang River 1.04E-02 3.04E-01

BIEEEr: T A40(1968—), %, 81 AP R, T 2MA K
AR R K T o K P B IO BT B 0 IR AT A e B R R
o5 3 4 84 1 & BF 50 A U741,
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