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in fresh vegetables in Yunnan Province from 2012 to 2017 were analyzed, combined with the fresh vegetables

consumption of National Nutrition and Health Survey in 2012, and hazard index method was used to assess the cumulative

risk of organophosphate pesticides in Yunnan Province. Results

The total detection rate of 11 organophosphorus

pesticides in 2 150 samples was 14. 1% (303/2 150), the exceeding standard rate was 4. 3% (93/2 150). The result

showed that the average hazard index of residents in Yunnan Province was 0. 382 5 by hazard index method, the average

hazard index of urban male (0.526 7) and urban low-income (0. 489 0) were relatively high, but both less than 1. The

chronic cumulative exposure contribution rate of omethoate was the highest (48.3%).

Conclusion There was

organophosphorus pesticide pollution of fresh vegetables in Yunnan Province, the risk of chronic accumulated exposure

was low. Strengthening supervision of pesticide production and application still could not be ignored in order to control

illegal use and abuse.

Key words; Organophosphorus pesticides; vegetable;

ment; Yunnan
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e AR B o BEE A PLBE AR 25 59 )z B AT, X
N R B Y 52 ) 52 38Ok Bk 2 1 OC U , A AL R
2 (1 32 B v 2 AL O 30O AR D E B e Y 05
PRI LI 2 R Ge 0 o 92 B, £
5 BB RE 2% Ay B A8 42 b R LTS J7 (IMS) 1R &
PEZ R AR 229 (OPIDPN) |, [ iy 18 £ 2 v iF 5% &
s LU M E v AR Y N
I, T A HLBE A 24 1Y s B M, TR AR Ik AL AR
REAET R WA . = B A LA T g
R 2 A RN AR I S — BAFAE . AR SR LA
A2 5% B A XS B 2 1 BT B SR O BT 5T R, X
2012—2017 4F 2= g 48 3% 22 W DU DU 4F Kz DL | K
B 11 FAT HLBE A 25 59 4 I 3 kAT TS G
15 B8 o3 B, I 1 T 6 3 48 B0 CHT) 125 3F Ak 2808 6 i
A LT B A HLBE AR 250 =m0 e Ry 18 1k R
TR 5 KUK o

I #MR57AZ%
L1k
L1 Bl S v A HL Ak 25 7 i Hidla

B R VR T = A T R A I AR, 3k 2150
T RE D RE AR = B A TR 15 A M, SR Ml i
A4 L I8 PR O PR T RS KRR T, 3 20 884 S
Bl o RSB SRAE K B | R ) 2 IR R I T AR
FME SR SRR P AR A B
WP E 78 2012—2017 4F % 25 g ) Y 4F K
DAL A HLBEAC 25 v, e A0 tH R B 9 1L Bl 2y
(TEFEI P W — o e AU AL R R L T T N W
AR R T X e KR K e A AR
A BEAT o3 M, 1 IR b T a0 SRR AR A AR

2 ORI (2

contamination condition; cumulative exposure; risk assess-

L1220 S im0 2 i B

B 3T 340 o 2 A R UR T 2012 4R [E
JE B RS HBR I A b = A AR, R
FHZ B BE Ay J2 5 N 100 B H 151 1 5% 06 Bt AL 4t A | il i
ZRE 6 ANHLIX 1072 712170 AL LL3 d24 h R
BIEE ST AP, SR s mAE NS mRAERE
W L TR A A T A A 4 R B S R
RIS S R IBAR 22K 11% iR R3E 2K 27% .5 2%
6% ML 53% 1Y L 456 2= e 48 T i 5% 21 34 7
P,
1.2 ¥
12,1 Hdi b 2

XiF A A HY (ND) R 0 Ak B8, AR 4 A T4 41 41
(WHO) & A (9 & i AR K 5 B W) vl A5 VR A0 7
1 v R AR /N TR R (LOD) 1Y
B LN T 45 F 60% , LI 1/2L0D {5 48 % K
WA A G353 25 46 B /N T LOD B 5l it
LA T 60% , LA O F1 LOD {f 43 Wil 48 85 5 46 10
G5 25 /N T LOD 1y 34l it L 1]
KT 80% , N AR 4l it £ B B& A 45 R, & B e RS
BEMRE R B RPFFTEEELL LOD EACE £

(AR IERE R M
1.2.2 SRR G KU PEAG 7 1%
1.2.2.1 BASRZGRERRERITH

T A5 AL A 245 7 e 0T 066 325 3 00 9 L LA

VA AT B AR 2 I R R R AR
" F, X C,
Exp = 1; W

Horp s Exp Sy 3R 25 9 I £ SR 5% (5 K5 0T 1K
ARG A ), mg/kg BW F, g 55 k Fl o &f 5%
S i kg/d; €, R b MBS A LB R Z
()72 &t mg/kg' P W O AT keo BRUEAIKTE
BPELL 60 kg T4, kL 55 ke




ZEA BB SR T L1 R A LB 25 5% B DL A A Bt Tk R AR R AT A —— ke L 4

—477—

1.2.2.2 181k RPN
18 1k RN 2 B KU i ] HT 3% BE AT WA, 455

BN A 2 1 i £ B R RN (R RS S (EH A 11 A
A PUBEAR 25 19 18 FE /T (HQ) , #F — 2B A 45 3| HI, >4
HI<1, WAy 28R 2 58 XU AT 42 32, e 22 ) AS T 422
Y B AR N
i ' Exp,
HI z HQ, = Z RV
Forb HE R fa H 368G HQ B RfEE R RV,
R ELAS A 2 1 4 S {E, mg/kg BW, AR5 LA
GB 2763—2016{ £ i & 4 W K br ife £ i b A 25 i
K% EA R RUE A ML A 25 9 5 H R VE IR A
i (ADD) {8 (mg/kg BW) Sy X6f Jif fr) fidt B 8 11
1.3 Seit=otr
T A 50512 F Excel 2013 A1 SPSS 22. 0 #4743
Brfgeit . Horb[a o W e 11 A pLek 4 25 &
(] 2% £ 53 H7 R H Fridman Fl Kendall’s W kg 55 ( £

B R H Mann-Whitney U( Wil S7 BEAS) K256, DA P<
0.05 =R A5+ Lo

2 R
2.1 GHEEEESE T 11 R AILBE A 24 1 5k B 1 0
11 Folv g WL A 24 6 3 fif i 58 vh 39 — o 9%

HARAG 25 B 0L 1,2 150 (ke & b A HLBE AR 25 3
Kl & o 14.1% (30372 150) , B £ N 4.3%
(9372 150) . MWARZGFEE Bk h#E 5L 2 T
Jhi le A AR AR AR SR ARG SRR 8 B RGE  RAL AR
R BR A A R (2.5%,48/1 890) o M Sk Fl 26
B, EH KA L BE AR 2R R R
(17.4%, 190/1 093), H ¥k H M 25 2% (12.3%,
56/454) i RS G 2K M H R0 5k 9.5%
(40/421) 1 9. 3% (17/182) ; 6 3 FIAR 25 2K 25 3%
(A AL AR 25 B AR R A, 430 R 5. 6% (61/1 093)
L 4.2% (19/454) , it 3 I\ 3 26 F1 5L 26 19 88 AR 2R 43

BCXPREAKL B ) 4 KBS R AR 25 1) & ik 22 ek BN 2.4% (10/421) F1 1. 7% (31/182)
#1110 PR 27045 S B RP B 5 B % Ol
Table 1 Residual condition of 11 OPs in different vegetables
R BEIIEEA Xk
REHE g om0 O g THARIOE g THARLOE
o % /(mg/  /(mg/ % % /(mg/  /(mg/ % o /(mg/ /(mg/
kg) kg) kg) kg) kg) kg)
o B 1.4(6/414) 0(0/414) 0.007 0 0.006 2(1/403)  0.0(0/403) 0.0075 0.007 0.6(1/169) 0(0/169) 0.006 9 0.006
5t i 4.8(22/454) 1.1(5/454) 0.0293 0.009 1.9(8/421) 0.2(1/421) 0.0111 0.010 2.2(4/182) 0.0(0/182) 0.0108 0.010
iz 0.9 (4/454) 0.4(2/454) 0.0072 0.006 1.4(6/421) 0.0(0/421) 0.0077 0.007 1.6(3/182) 5(1/182) 0.008 9 0.007
H X 1.4(6/420) 0.7(3/420) 0.0067 0.005 0.8(3/364) 0.3(1/364) 0.0056 0.005 3.0(5/169) 0(0/169) 0.0050 0.005
KR 0.7(3/414)  0.5(2/414) 0.006 3 0.006 2(1/403)  0.2(17403) 0.007 1 0.007 1.2(2/169) 6(1/169) 0.0057 0.005
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Figure 1  Detectionrates of 11 Ops in different monitoring time
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Table 4  Fresh vegetable consumption of Yunnan Province

L IX Ve il R ZE2H GIE S EES YIS At
v Bk 36. 619 89. 883 19.974 176. 437 322.913
i P 31.207 76. 599 17. 022 150. 361 275. 189
Wt Rl A 34.001 83. 457 18. 546 163. 823 299. 827
AR AR 33.726 82.782 18.396 162. 498 297. 402
mA 31. 647 77.679 17. 262 152. 481 279. 069
P R 26. 598 65.286 14.508 128. 154 234. 546
4 22.561 55.377 12.306 108. 703 198. 947
Pl YA 23.034 56.538 12. 564 110. 982 203.118
e A TK LR ON 25.718 63. 126 14. 028 123.914 226. 786
A 24.376 59. 832 13. 296 117. 448 214.952
&it 26.598 65.286 14.508 128. 154 234. 546
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Table 5 Chronic cumulative exposure risk of 11 OPs in

fresh vegetables in Yunnan resident
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KMk A, R 2R BE S b 1L BhoA LB A 25 10 5 fit ] 22
YA G AR L (P<0.05) 15 B[R] 2655 3% 32 AN [
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4 25 85 /(mg/ke BW)  /(mg/ke BW) HQ T A2 1 15 Yo A LA ) 5 2R R 7K g i e 11 2 T
TR 0.000 055 5 0.0005  0.1848 O [ 2K 3 0R Ar  3 02 B G
T 0000 019 4 0-0004  0.048 4 SL(P>0.05) N[5 W W 4 3 45 28 3 o A7 HL AR
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e 0.000 032 7 0.004 0.008 2 J& B HI A 0.382 5, 36k iy 55 4 Ak iy i e AN
oL 0000 0570 0.01 0.0057 T HL AR, 209000 0.526 7 10.489 0, ¥ /hF 1,5
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£ 6 FEEER T L1 A MBI = A A S ARy HQ A HI (A
Table 6 HQ and HI of 11 OPs in fresh vegetables in Yunnan specific groups of people
I i Ary
425 24 B — — o =
B Z A PR mIA 51 Boglc [N LEEAPN LN
B 0.0114  0.0097  0.0106  0.0105 0.0099 0.0083  0.0070  0.0072  0.0080  0.0076
A 0.0078  0.0067  0.0073  0.0072 0.0068  0.0057  0.0048  0.0049  0.0055 0. 005 2
Iz 0.0112  0.0096  0.0104  0.0104 0.0097 0.0082  0.0069  0.007 1 0.0079  0.0075
FIJLXf @ 0.0117  0.0100  0.0109  0.0108 0.0101 0.0085  0.0072  0.0074  0.0082  0.0078
AR 0.0647  0.0552  0.060 1 0.0596  0.0560 0.0470  0.0399  0.0407  0.0455 0.043 1
TR 0.0286  0.0244  0.0266  0.0263  0.0247  0.0208  0.0176  0.0180  0.020 1 0.019 0
K 2 0.066 6  0.0568  0.0619  0.0614 0.0576 0.0484  0.0410  0.0419  0.0468  0.0443
= 0.0524  0.0447  0.0487  0.0483  0.0453  0.038 1 0.0323  0.0330  0.0368  0.0349
KWz B 0.0127  0.0108  0.0118  0.0117 0.0110 0.0092  0.0078  0.0080  0.0089  0.0085
AT R 0.2545  0.2169  0.2363  0.2344  0.2199  0.1848  0.1568  0.160 1 0.1787  0.169 4
ZEEH RS 0.0048  0.004 1 0.0045  0.0044  0.0042  0.0035  0.0030  0.0030  0.0034  0.0032
A (HIf)  0.5267  0.4488  0.4890  0.4851  0.4552  0.3825  0.3245  0.3313  0.3699  0.3506
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Figure 2 Chronic cumulative exposure contribution

rates of 11 OPs
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