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Abstract; In order to investigate pollution characteristics, spatiotemporal distribution and ecological risk of pesti-
cides in surface water in the northwest of Taihu Lake basin, pesticide residues in lakes and important rivers area
were monitored in March (dry season) and August (rainy season) in 2019, respectively. One hundred and twenty
collected surface water samples were analyzed by solid phase extraction (SPE) combined with liquid chromatogra-
phy-tandem mass spectrometry (LC-MS/MS). Seven insecticides and five fungicides were determined in the sam-
ples. Concentrations of pesticides in surface water in the dry season were higher than in the rainy season, with av-
erage values of 191.87 ng-L™" and 171.07 ng-L™', respectively. Imidacloprid (concentration range ND ~ 197 .97 ng
-L™', detection rate 98% ) and carbendazim (concentration range ND ~ 114.44 ng-L™", detection rate 97% ) were
the two most contaminated and widespread pesticides. The seriously polluted areas were Caoqiao River (S5 and S6)
and Xilicao River (S36) which are close to the agricultural area, and the most seriously polluted point was S6 of
Caogqiao River. Ecotoxicological risk assessment of pesticides by calculating risk quotient (RQ) index in surface wa-

ter during the rainy season was higher than that during the dry season. In addition, more attention should be paid to

the organophosphorus pesticides and benzimidazole fungicides due their high risks to aquatic organisms.

Keywords: pesticides; Taihu Lake basin; ecological risk; surface water

AAELM B T OR3P AR A G 32 0 A
FL R R EY BT, Rkt iy
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Ji B SEBR B R A R F] 1% 4 25355 B bR 49
I it A 2 o E A HAn A, i B 3K MR
Pl s % I AR R COE O 0 /AN /.95 sy la s N 1)1 |

HEDR A R KRR 25T 38 L, A 2
(A FH B 249 by T S 35 K1 1.5 5 ~ 4 F5Y Bl
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HOpbk | WE U AT R e T IS KOK R R
T2 W I (7 2% R A AT BE R B e Kk A A
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P25y, OAT SCHRIRAE T AW A HLE S
A LIS R R AELE AR H R AL R 2
O W AR C &4 TR KSR, £x)
H b X 32k 22 Tl i FH A 2 5% B3 A0 F 5 RS A 47
SR

AT 5 31F 2019 4F 3 A (KK 8 H(E
FRKIH) FEAE AT 357G A6 0T o X R AR 120 AS7K
SR FH [ AF A BRI 45 VRO € 3% B BB TR 1 s o A 245 3
FRATHTINAE | S48 3 7K v A 25 175 YRR AE R 25
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1 ##l57 % (Materials and methods)
1.1 BRI R R AR

AT W 22 21 TRT A 3%, 7K T R 22 1
VRIS ZE |, FEEL0 T W LR AIE o AS B 53 78 0 It 1k
PUALTHR K 72 R 50 2 L 1 ) 3t (AN o B3 3 | B T
N IR T2 VB 7 £ S B = ] BN R ) 00 S L 3 L2
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WL 15 AN SRAE WS I 257, SRAE W 85457 1Y)
SAATTEBLINE 1 Fs . B ECR AR BT Dy 2019 4F 3
H Hi7k3)A12019 4 8 H (FKH),

iR 1 L% B R ORI CRE LR e A koK
TV 3 U, PRI 4K vk 3 W, BT s il D #EA T
AR REREBUK T 0.5 m, BA KM 3 RE
W EHE i 2 S F VKA ROGLRLE , IEAE 24 h NSE R
FEL AL 2
1.2 WA S5HEM

SIS TR B A R H R RN NG S A LI
ke B, W A € Avantor 23 A, KR A
PRUES IR (Y 51 FhARZGhR A UL 38 Al
HFRY) B0 F R BT R ISR A BR A\, HiRR 2l
PEENER 1 R, Bkl Milli-Q # 21 7K A3l
15 PR BB AT 2 % J5 (GF/F.47 mm) F 3¢ [F Waters 23
Al s [E A AU (PEP-2) 1 [ R HHE A AR B
PR 5 Sk ot B AR [ 35 [ Pall 24 ],
1.3 FEMALEES bT

1 200 mL AKAEAE S R 2540 il 3L 0.45 um 3
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Table 1 The information of target pesticides
A EY BUE %5
] , VIS
o Chemical Abstracts
Pesticides Molecular formula
Service Number
AL Chlorpyrifos 2921-88-2 C,H,, CI;NO;PS
W Diazinon 333-41-5 C,,H, N,0,PS
2 Dichlorvos 62-73-7 C,H,C,0,P
SRR Dimethoate 60-51-5 CsH;,NO, PS,
{58 Fenthion 55-38-9 C,oH;s05PS,
JK Wit B Isocarbophos 24353-61-5 C, H4NO,PS
o SR Malathion 121-75-5 CyoH,pO4PS,
AL , .
H e Methamidophos 10265-92-6 C,HgNO,PS
Organophosphorus
FURHE Omethoate 1113-02-6 C,H,,NO,PS
X}t Parathion 56-38-2 C,oH,,NOsPS
FH JEXT B Parathion-methyl 298-00-0 CyH,,NOsPS
{RA Wi Phosalone 2310-17-0 C,,H,5sCINO, PS,
FEHiBE Phoxim 14816-18-3 C;,H;sN,04PS
P Profenofos 41198-08-7 C,; H;5BrCIO; PS
= MR Triazophos 24017-47-8 C,H4N;0;PS
- 3-F2HL0LIR /) 3-Hydroxycarbofuran 16655-82-6 C,H;sNO,
A B y
i }.I H 288 Carbaryl 63-25-2 C,H;;NO,
Insecticides
P — B2 H &% Carbofuran 1563-66-2 C,,H;5NO,4
E=) 7 & >
N - WA Aldicarb 116-06-3 C,H,N,0,8
Carbamates o
156 K AR Aldicarb sulfone 1646-88-4 C,H,4,N,0,S
KRR Aldicarb sulfoxide 1646-87-3 C,H,,N,05S
K28, Methomyl 16752-77-5 CsH(N,0,S
‘ ) At L0k Imidacloprid 138261-41-3 C,H,,CIN;0,
B i L
o I ik Acetamiprid 135410-20-7 CjoH;, CIN,
Neonicotinoids
B 1B Thiamethoxam 153719-23-4 CgH,,CIN; 05 S
LW Pyrazoles FR AU Fipronil 120068-37-3 C,,H,CLF¢N,0S
PUERRE P R BT 4 T 2 R AR
o _ 155569-91-8 CyoHysNO,, -G, H, O,
Antibiotics Emamectin benzoate
AL % 2K Insect hormones KM Chlorobenzuron 57160-47-1 C,H,,CLN, 0,
AR H45TEZE Pyrethroids F 45036 E Fenpropathrin 39515-41-8 Cy Hy NO,
R HEEIRZE Benzoyl ureas [ HUX Diflubenzuron 35367-38-5 C,H,CIF,N, 0,
R Acaricides ki R Pyridaben 96489-71-3 C,yH,;CIN, 08
EES Z % ERM Difenoconazole 119446-68-3 C,yH,;C, N, O,
Triazoles =M F Triadimefon 43121-43-3 C,4,H;;CIN; 0,
F AR L TN I R R 2 WA % Prochloraz 67747-09-5 C;sHsC3N;0,
F Methacrylates I TE R Azoxystrobin 131860-33-8 Cy,H7N; 05
Bactericides BEfE Amides I IENS Ik Dimethomorph 110488-70-5 C, H,,CINO,
) o 1% %5 % Pyrimethanil 53112-28-0 CpH;3N;
Phenylaminopyrimidines
A IFBKMEZE Benzimidazoles Z W R Carbendazim 10605-21-7 CoHgN; 0,




43 4

JEIG LA ORI P 3R M 2 7K v AR 245 ) 15 QAR A 2 A 25 KU A 175

1.4 Fra e 5 B

BB SRS [ BRSNS EUINARAE DA ] 32
LB 2 WL PR 2R 52 W O S 30 v k. Bl AL B
10% FYFE B E-PATRE S I AR AR UE IR 25 <20% .
TR EICRTEE R 60% ~120% , BRHRHFERTECE &R
GBS BERRIEVIR , TS hR TR I 2 HAT B I Z AR OC
P FHOCRE R >099, Kt FRFNE S B 430 3 A
110 £5{5 M L (signal to noise, S/N)ITE- A5,
1.5 ABKE TN

JXURS: 7 (risk quotient, RQ)J2 fiff 1 #1454 75 YL vk
BE 5 S 25 50 50 LG AR PPl RS 1 3 O is 1
RN /(1

RQ=MEC/PNEC

#H . MEC (measured environmental concentration) 4
52 By FR 5% e i PNEC (predicted no effect concen-
tration) Jy iU JC K . MEC R FH 55 B il € 1Y
A2 P E R PNEC 4k JC WL £ 200 ¥ J& (no-ob-
served effect concentration, NOEC) 55 ¥ 4 Kl -F (as-
sessment factor, AF) 1 lL{E 375, SR % A NOEC
{6, DU fefi FH 2 B0 E0 5L e i (median lethal concentration,
LC,, ) a1 BUa4 W e i (half-maximal effective concen-
tration, EC.,)™ ., by A b 42 K o115 B 1942 265 %4 7k
AR 2, N PPDB 4K 24 J& M B FE (http://
sitem.herts. ac. uk/aeru/projects/ppdb/) H Bt f1 25 | 7K
A= TCA ME S P A28 1 MBS (NOEC B LG, 3K
ECs,) , Bt U ) Tl 1) B4 1 Sy i 53V & (critical
concentration, CO) IR X, H &=/ —4 LC,, 5K
EC., {5 AT I, AF B 1 000 24 777 a2 sk A4 T8
HHESI Y1 NOEC {E I, AF B 100; 244 2 4~ 5k 3
/> NOEC fEL AT HII , AF 735|150 #110™7 A= 25K
B RQ HAE % :0.01 <RQ<0.1, LA ;0.1 <
RQ<1, AR P AR ; RQ= 1, AR M

2 #Z R 5i4ig (Results and discussion)
2.1 HERIK R 2 B 2H LRI
32 N FROK TP AR 2 Uk B SR R bRk
oA il 12 A2, L EE 7 FP R ORI AT S RPOR TR
o A HGAELAE 3 FiCHTHH RIS (W€ H K | it He opf A g
HR),3 P HLIBEIS OO Bt il = Bt Bl A1 — e i) 1 1
PP BE I RRBEE (0 A ) o AT AL AR 2 Ff =28
CARTRE PP PR M 0 = WA R ) | 1 b I e 285 (1 b A0S
S TR TR IS (WA A TR AN 1 PR FERRIMER(Z T R,
BT 7] A LR ) AR T
FIVFNR IR IR 25 T 1) 2 i K rp e i WL IR R 2Y

BRBRZE S H A b K 2 A7 A N H ok g i
R FNE K PR ) A6 H3 2853 501 98% 89% Fl 87% ,
i 1 T S ) R T S I OB A RSS2 H ) (b b
53% ,WEHUR 22% , BE HUPK 2% ) ARG A %2
JHBE A B Bkl 5 2 R R By
J ORI N P A AR A, R T I T
- Ab PR+ AL FEPY | pl TR AR RIS S R K
VEAEREAT A S i 3o i e 28 U AHE K AR X A=A
MK Btk H R A A 0T RN = AR U ) S 38 e
I3 H1°H 94.06 ng- L' F138.87 ng-L™", &4 —
ZAHFRAR R ERES R R A R S, 3 R
K JKFE ARAE S B G SR A AR AE W )
A CREL R Ry EURITE S EA R R PERT
WE R A K S0 R0 = K 1 S 49 B 43 531 14,83
ng-L™'f127.50 ng- L7, J& 50 AT MRS % U
22 T Tt RO R 1 A BB o e Ry L H 5
HOREEH H R A BB A SR X e
FOK IR B A 22 1 AT HLBE S A U Wk Y 1R A
ND ~146.30 ng-L™', " FZEKVL(ND ~20 ng-L™")
FIAII(1.18 ~3.20 ng- L") B 4G H e R0 IR F
14048 MK i IR (ND ~ 708.8 ng - L™ X
i KL AR i )12 A AL A B
Mz —, FEHTKR B3 ML N2 R R EE
PP s L R ) A H 23 (98 % ) i 1R R 3 (20348
ng- L) T 3E EAA T T K i BOAS 2R (8% ) Al
WeBE(333 ng- LN IR 42 R R P Ao
AT ISE I e ST G NE T o I SR e d
()RR A0 I8 el e AR B 9™ . 2 TR R K
HROT% ) Ff = e (11444 ng - L YR T KL Y
KR (100% YRR EE(118 ng-L™)™ . Z R RAEAK
WA K B 5% B 7K - 5331 R 35.40 ng - L™ 1 46.75
ng-L™" 7 Z TR IR BR SR8k ISR K HAE AN
R I 2R AR, TR R B AT
2.2 HBFROK AR 2 ) S AR

il 739 A = K 0 H e 7K v A 24 14 3% B 15 O dn 1
2 s, FEAS B AT b Rl KB 75 G B AR oKk 0
FEEE TE R (SS 1 S6) I R E N (S36) /& FE G Y4 IX.
ChliZK AR 7K A vk B 3 600 ng - L"), Horfr S6
ST G die M T A AL, A 7K S S K v B 4y
Wk 427.61 ng-L™' F149045 ng-L™' . ik 255k
BRI 200 ng - L7 f S50 A 25 A, o, JE AR (S5
1 S6)  JRIHI(S46)F1Z= LLITEI(S60) 4 /> sS4k 2455% B2
Hid 300 ng- L™, FoKIR 255K BT 200 ng-L™!
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Fig. 2 Residues of pesticides in surface water



178 tx #F

PLINN O P15 %

MY 12 A Hed JEHFIRN(SS FiT S6 ) FilEs) I i i
(S36)75 Y N " VR 400 ng L', £
A oT B T TR 0 TS L DX T A, S
J Iz AR R B K Ak A | SRR AT A
SEAR I i 5 B R A 32 A 2515 Yy ™ 8 1) s T
HBCBL, BT B A AR AL S AR 2 000 £ hm® &
VLI TC s B B e A 77 S 5 T ) A5 Y ™ X
BRI 5 P R R A 4 B ), A SR 4
AT DU i M R AR T A AHEAK A T A
JEIFRIPAER 2 T B AE 2 2 it FH s Ak o BB 3k 2 45
PR P v BEAR R A T REIE A A& 2

IR B PG G R K v 12 e 25 2E Ak K
A KB BURAE AN 3 s, A ZK SRS H i
2 AN oAy 3 O 22 T R A B 0k, 3 ek
R 5 EL A B 21.11% ~ 94.92% (CE 1 K
4401%) .ND ~42.01% (“F-#4 4 16.56% ) Fl ND ~
52.99% (P10 11.62%), 5 M 7K HH A4 245 1) 21 B AH
o, FAK IR R 2 vh 258 R o He e, H ik
HaBpfe | Xof ik ol R E HUWR 4 AR 245 BT 7 LG A A3 i R
ND ~47.00% (E-14 4 22.71%) ND ~ 57.73% (*F-13
7 18.88% ) ND ~34.16% (*F-#)} 13.50% )1 ND ~

33.96% (V-H4°0 13.36% ), A 7 35k P4 J L5 Ak K HH A
FIKIH A TP AR 24518 | AR 10%

M e Bk I 22 B R e K R B ARG T 1) 12 e
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