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pg/ LA 5 A, K 2 i1t 0. 02.0.2.2.20 200 g/ T4 5 A5 ek 21 . FH 602 X 50 kG 00 Sk 88 £ i, 21 248 R0 A4 14 155 R 2800
R Ames BRI 2 Fh AR 24 (0 B o AR, SR 5 B2 a0 G 0 EG ek A ) i o4 T 400 A DNA B 453 47 3% 0z, AR A 3 B 2 24 i 8
GEREEG BT IR KBS K £ B B4 B L. G5 R R, BT A 500 A 2H X 2 b g 24 2R S 0 £ ol 20 0 I O R R | BT (p >
0.05) 52 Pl A 28 44 5 4 21 [] A% B v B R BB i [ & 1A L9 2 A% (B AR AR AUMNE AL 2R 1R T, 96 K 2 ~ 20 pg/L5 K £k 20 ~
200 we/L 57520 /) TA9T WA Ak ol 28 1 % 00 ik 3] (129. 17 £17.00) (129. 50 +18.28) ,(109. 83 +10.80) 1 (114.17 £9.37)
A/ E T AR EIZEH (p<0.05,p <0.01). fEARHHE L5 F T, KL B 200 wg/ LA K TA100 55 TA102 T #k 14 171 72 1 %
Hy (147.83 £23.29) ((275.83 +£20.63)A>/IIL, ¥ T H & MAS 4 (p <0.05) ;7R £ B 1ld b & B, s IR 136 KBS K 2 B
A T BONSME MLk E A0 Y DNA 5107, B8 K8 20 we/ LA, K2 B 200 pe/ LA M DNA(% ) R 1K Olive BBIE 3 4845
LGN, E T R TR IR (p <0.01) . BF5E R WL KB 5 K 22 B xd 8 0 20 40 7™ A= W S8 64 238 40 (AR 45 405 2800, B ok
JLHCW B B s AR M ETE W VR B R A AE — A MBS B 9 XU, O HLak 2 B 245 7] g 5 BOA A1 J Il 94k L 440 S 19 DNA 52455, (A
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Study on Genotoxicity of Aldicarb and Methomyl

SUN Xiao-yu', JIN Yong-tang', WU Bin>, WANG Wei-qin', PANG Xiao-lu>, WANG Jing’

(1. Department of Environmental Medicine, School of Public Health, Zhejiang University, Hangzhou 310058, China; 2. Zhejiang
Province Environmental Monitoring Centre, Hangzhou 310012, China)

Abstract: Genotoxicity of aldicarb and methomyl was explored. The aldicarb and methomyl were diluted by the deionized water
respectively, and then five concentrations of aldicarb were generated as 0. 002, 0.02, 0.2, 2, 20 pg/L, methomyl as 0.02, 0.2, 2,
20, 200 wg/L. The micronucleus of carp erythrocyte was counted by micronucleus test. The mutation of bacteria was assessed by Ames
test. The DNA damage of human lymphocytes was tested by comet assay. The genotoxicity of aldicarb and methomyl was estimated by
the three toxicology tests mentioned above. The results showed that, in the micronucleus test, both any concentration of two pesticides
were not able to induce higher frequency of micronucleus in carp erythrocyte (p >0.05). Under condition of metabolic inactivation,
although the number of colony with back mutation in any concentration of two pesticides did not exceed the double number of those with
spontaneous mutation, the revertants of TA97 strains in the aldicarb 2-20 pg/L and the methomyl 20-200 wg/L were (129.17 +
17.00),(129.50 +18.28),(109.83 +10.80) and (114.17 £9.37) entries/plate, respectively, they were significantly greater than
those in spontaneous mutation(p <0.05,p <0.01). In the methomyl 200 wg/L group, the revertants of TA100 and TA102 strains
were (147.83 £23.29) and (275.83 +£20.63) entries/plate, respectively,they are significantly higher than that of the control group
under condition of metabolic activation (p < 0.05). In comet assay, both the high concentration groups of aldicarb and methomyl
resulted in different degrees of DNA damage of human peripheral blood lymphocytes. Compared with deionized water group, all of three
indexes of comet assay in the aldicarb 20 wg/L groups and the methomyl 200 pg/L groups were significantly higher (p <0.01).
Despite that both aldicarb and methomyl did not results in damaging chromosome carp erythrocyte and producing apparent mutagenicity,
the effect of mutagenicity and DNA damage in human lymphocytes were observed in high concentration groups of both aldicarb and
methomyl. Water polluted by aldicarb and methomyl may have the potential adverse effects on the environment and human health.
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PR BT AR bl B fd R B B ( Cyprinus
carpiod ) W FI £ & i 3, /R 25 ~ 40g, 5245 % 200L
KA 7K I 20 ~25°C ] 9%
L1.2 EZAE Kl

CO, 1H & 1% 5 4 ( Thermo Fisher Scientific 23
A]) ,DYY-11B B 7K g Jk AL (Jb 5t 8 — A48T ),
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o)) KRR (A H Az ) - i JOEibs #E i (100
peg/mL, VA TN R, W VLA BB I R L) K2
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P. A),2-% % % (2-Aminofluorene, 2-AF, Sigma /%
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7RO AT Al
L2 {EJik
121 o fAcHs 45 46 U

SR MO 3K 0 R A 0 % € AR 453 3 o P 25 88 1
KB R OK BT K 2, A B KR 2k
0.002.0.02.0.2.2.20 wg/L, KL R LHEH0.02,

0.2.2.20.200 pg/L. 3% T 4% 48 1 1 30 h fa
TG RE VL A AL ERE 2R 33 1 /gy fa
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H, KBRS NERXT B a5y, B33 1 pl/gfa
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J, ot i fBE 100 AR T i H 4 TR O T 40 %
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1.2.2 S5 A8 PR Al

K F B FE V0 171 TG BA /i 3L 30 9 ok 4 i 3 56
( Salmonella

typhimurium/mammals ~ microsomal
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TA98 \TA100 TA102 X 4 T i ¥k , T8 0k & 4= W) 7 FF
PRSI AL R, R L Z M S,6-5
B I A 175 5 0 KBRS0 R AE S AR TS AL R S
(S9) M, 28 Lowry 15 2R 11 1 B4 I 4 4 52 5 ok
TR IR AR S H AR AR B A AT B A A
W, T EIE AL I 10% S9 JRA W 0. 4mL, £ 37°C,
5% CO, }iF% 48 h W EETHH In] & 58 78 T 7 4. X R
VAR AR e B T B R AR, F R T ko
B TN A X BE S PH P X BEL TA97 . TA98 | TA100
TA102 B AR AE AR A £b 258 BH X5 B8 43 531 4 1]
ICR-191 (1 pg/ll) . ZE E% E (6 pg/lll) . & A
(L5 pg/ll) 5 1,8-— 3% 3 BRE (50 weg/L) , 7E 4L
S AL SR N B 2-AF (10 g/ ML) - 4 U0 F5 18 1
T i A8 3 A PAT L, T E L 2 WK, DLz i i
] A% B 7 BRI Il A B Y A 2 A DL B OF BA R
- SN K AR E S P
1.2.3  DNA $i 455 2% I 6 )

SR I B A 2 b A 24 6 X A ] of o4k L 4
Jitl DNA {9 458 103 %800 . 52 140 79 £ 2H 15 ) G 60 14 43
P 5. fily BB At R AR AR B AR R L, AR i SR
(12 Ry i A 0 15 0 7 BE 218 o 7 45 A FRUUA L2 44 i
GBS WRTE b, B0 R I ) g S 4 B )2, 2 R AR
SE MR VRS, H RPMI 1640 35 55 1 il 25 41 i 20,
A ZZAY), (G 35 B R R Gk 1 mL, 40 M %5 R 9 5
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FZ510° A~/mL; T 37°C,5% CO, 41 F Y% 2 h.
L3 o6 Be H & W 0 00 o A A7 05 5, DL L DL
AU 6 W i Je i, AR IR AT, G5 3 min,
YRR TTEONR T8 T A RSB R e B €5 4 i
B, A Y B 0 A0 AR 1S AR, p e T DUA T A0 A
TR CMETE RIG R PRSI E " 2,
A6 1 h, B8P BE 20 min,300 mA 25 V B ¥k 20 min,
R R 22 vP R T AR U, W B [ 2 3 min S5, H 40
pL EB(20 wg/mL) #4794 4, 550 BB T WA 1%
18, I CASP G 51 5 5K Fr BEAIL 43 A7 100 4> 2
JL AR i SCHR [14 ] 36 B 40 e 2% DNA H 40t 2
K \Olive EJE 3 48 b5 25 G S W 20 il DNA 451 5 1%
. BC 249 B 0. 1 mmol/Li¥) H,0, > BH 4 X if
2, 551 2285 7 KOuF HEORI Y I X R A R 56 A 4 3
1B 2 A PAT#E B R 3 K.
1.2.4 SGil2ririk

fii ] SPSS16. 0 ¢ 31 8 4 i# 47 G2 it 43 A1, Ames
S B R VE RS A K el AR 21 B TR B TR RO
o 55 5 B 4% R A 25 B TR A Z TR L
B R AR R 7 2253 #

2 HERESH

2.1 PRI K 2 B e 0 A4 280 A T &
e 1o, o KOEl 5 K 22 Bl S B0 £ 41 J 1f

CLAN R O R 2 G b, S R B T KX IR AR I

ZFARA R EN(p>0.05). WEI4LH RS

KT R 22 18] T 8 4 22 S, l HE R 7 I 1Y

. 12 AT LUE B KRS K 2 e

A SR R S e, (RS AR TG K, 2 I 200 200 A o
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Fig. 1 Effects of aldicarb on micronucleus frequency of

erythrocytes in koi carp with different exposure concentrations
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Table 1 ~ Micronucleus induction in koi carp erythrocytes

exposed to aldicarb and methomyl (x *s)

Zik Y FHE/pg - L %R/ %o

20. 000 1.42 +0.38

2. 000 1.25 £0.52

1o Rk 0. 200 1.00 +0. 32

0. 020 0.92 +0.38

0. 002 1.08 +0.58

200. 00 1.33 £0.26

20. 00 1.17 £0. 41

KL 2.00 1.00 +0. 63

0.20 1.08 +0.49

0.02 0.92 +0.49

BT R 1.00 £0. 32

A8 ok iz 7.25+2.73

T3 1l 1.17 £0.26
125
1.00 |-

&
@ 0.75 |-
E

0.50 |-
0.25 |-

0
EEFRME 0.02 0.2 2 20 200
FIEH/ pgL!

B2 AEFETRSEHEEMIREBZEHZN
Fig.2 Effects of methomyl on micronucleus frequency of

erythrocytes in koi carp with different exposure concentrations

2.2 R K 22 B BUTE AR A F A 45 AR
FEARHE L AT, N B RS Ames 28050 45 2R
S 34, T HEBR A 7 b IR 4 52 e B KR K £
Jak 4 A BEAR 0 BT A 50 ALY (R TR TE B R AT A
RIAR G 2 £5 0] A2 Ames 3855 B M. A2 BF
U R BUA K 2 ~ 20 peg/Lil 45 K2 20 ~
200 pg/Lil 41 TA9T7 & 145 1 #% % 5 H & [0 48
HAH L HA R EEZS(p <0.05,p <0.01).
AR IR AL 2, IR RN 2 Fh A 25 Fr A 5 i
HAGA IR E] Ames FH P H) 2 bR . A3 K EL 0.2 ~
20 we/LA 5 K Z B 200 we/LA ) TAT k] 2
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BT ARMAEE (p <0.05,p <0.01) ,8F Rk K
LK £ 18 200 we/L4H i) TA100 5 TA102 T #k B9
WIS R P B Z T AR RAEH (p <0.05). X

W R 2 B 25 R R B W WA BUR AZ 1,
HBEE ) & b TF A RE B — 5 R BOR AR PE. BAR
ZER WA 2.3,

£2 FREFLEGHT(-S)BRAM RSBHBREM" (2+5)

Table 2 Mutagenicity of aldicarb and methomyl without metabolic activation ( = S9) (x )

Zik W K&/ pg - L7 TA97 TA98 TA100 TA102
20.000 129.50 +18.28" 34.17 £7.33 133.00 £16.69 269.00 +18.03
2.000 129.17 £17.00" 34.67 £5.35 124.50 £9.07 265.00 +16.96
D 0.200 110.33 £11.20 33.00 +7.67 120.50 £8.36 252.50 £25.49
0.020 104.00 +12.15 26.83 £4.26 116.50 +12.79 243.17 £22.04
0.002 104.17 £8.57 28.67 +6.53 124.50 £7.66 234.33 £22.23
200. 00 114.17 £9.37" 34.17 £6.79 124.17 £22.61 252.33 +13.31
20.00 109.83 +10.80" 24.33 +7.99 123.33 +14.94 240.00 +18.54
R L 2.00 106.00 +8.56 27.17 +8.47 121.00 +18.32 238.50 £29.47
0.20 105.33 £8.78 26.67 £7.12 112.33 £12.60 237.83 £22.76
0.02 104.67 £5.20 27.00 +5.10 110.83 £10.21 230.83 £11.44
KB TR 106.67 +13.57 24.00 +4.20 120.00 +23.44 241.17 +28.56
EpAREA 97.17 +11.25 31.17 £7.36 125.50 £36.88 245.00 £25.77
ICR-191 1587.00 +170.73
XEHR 1 183.50 +320.59
&AM 1212.00 +410.58
1,8- ¥ 5L R 805.00 +184.33
A i 110.17 £10. 68 29.50 +7.66 129.17 £13.80 235.17 £21.28

) Bhrra 285 A K RIEH L p <0.05,b /85 A K FIZEH AL p <0.01, T

®3 RPBELZRGET(+S9)BRBEREBHBREM (v x5)

Table 3 Mutagenicity of aldicarb and methomyl with metabolic activation ( +S9) (x +s)

Zik Y Fldg/ g+ L7 TA97 TA98 TA100 TA102
20. 000 139.50 +15. 64" 36.00 £4.00 136.00 +24.32 265.83 +20.65
2.000 133.83 £10.76" 35.00 +7.38 128.17 +16.38 260.00 +13.24
1o Tk 0.200 121.33 £16. 65" 30.83 £6.46 121.67 £17. 64 260.83 +19.67
0.020 112.50 +13.41 30.00 +9.57 131.50 £20.46 235.50 +18.50
0.002 112.67 £12.71 29.50 £6.28 121.33 £17.82 236.17 £21.72
200. 00 123.33 +12.86" 32.50 +4.64 147.83 +23.29" 275.83 +20.63"
20.00 112.83 £10. 11 32.00 £8.94 128.33 £10.13 270.00 + 14.45"
P& 2.00 110.17 £9.97 28.83 +2.32 117.83 £12.88 247.67 £22.24
0.20 108.50 +11.62 30.83 £4.88 123.33 +16.52 235.33 £13.85
0.02 105.17 £8.80 30.00 +7.97 119.50 £12.97 233.17 £17.34
LB F AKX IR 98.83 £35.13 26.00 £7.18 122.83 +19.89 242.17 £29.32
B & Al A 102.67 +6.68 33.83 +6.34 126.67 +19.83 248.00 +19.46
2-AF 842.67 +153.33 1 141.20 +366.42 1105.80 +229.26 558.17 +103.57
PR 116.17 £20.55 30.00 +8.83 126.50 £13.07 242.50 £23.24

2.3 PROKEL K Z B DNA 5475 5500 A6 ) 45 PER YR 3 B0 L 20 B 5 M, AT AT B R e A

PR 55 K 22 Y DNA. 453 475 55 7 A ) S 730
MR AnE 3.4 iR, 25 B 1 KO R Aok B 40 it 58
B, OO A FE 4 R A v 7R e 4 P b S 0 H B
RBUER, FZI R KA, B m AL A, AR 4l
H DU AN T A, 40 52 0 P 8 s ) R i o

3 W3 3 0 A 5 A 0 45 R s, 4% R B
BE S 1 40 ML A7 6 S HE 95% L b, TN R 7R Y FE AR

TSR 3 AN R R AR G 2 B T K R ZH A H R
HAREMEZES(p >0.05) , Al U NETA 21k
IR 45 . B K 20 we/L4H 5 K £ i 20 ~ 200
pg/LAY 3 AN E B A8 bR 5 28 1K 0 BRAH te, 45 R 1
AGIHEER(p <0.01 ), 3R B7E & 7 & 1 B Kk
HRZW ARG T, ol SEONSME Mk EL 4 DNA 45
B FARGE R L3 4.
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AR G AE KR TS YL RIS

PONZ X 0 2 35 % B B2 T 5% b A — R S R
Frik P AN AR R 2 A 40 T S A i e (5
PRABIIE RO . 0 2 0 K 75 e b B URE, 78 FR
Bl AT bk Az BRI TEE W E
PP Nwani 2520 %% BUK I B T 05 08 T R0 R 5% 1l
S8 T 200 i ) FROR R B T R B R B T R
P Xof ) €2 i T 400 L A 7 A S A R ) 4 AL 3% A
] 4 o B ZEL B A% %R 0. 96%0 , R 1 20 T (0% R B
A 2 4. 29%o , 5 J0 B & 14 591 -0 0 56 &R i
T 25 O B RIFGY e IR T 1 R BB 2R 60 £ 2T 4 L £ TR
RAE 0. 5% /AT, M2 1o W B 1) BT ke hr R Y 3 0,
KB 5 T, B i 0k B 3%o. LA 4R 38 P 0 fi
AT T 2% HUBLIY 38 4% 35 1 |, 45 51 & 90 4% 71t 21 7
BRI R B F T TE 1% AT 27 JifFge 2 fhgk
2K A AR W I AR B AR B BE T H R AE K
J 5 e F B R R 0 IR K 28 £ i AT B K
g0 g IR B BT K X R G TR R AR
T A J TG P 200 1) A% 2% B B 8 T 25 B8 1K 0 IR 4,
KE 7. 25%0 +2. T3%0 AHH: K a5 K 2 38175 T 1) 1
BRI AR B & T L8 FRME (p>0.05),X
IRTEARBETESAT T, B K g A5 K 2 A 58 5| e 40
A JE 02T 20 B iR 2 B S B T [ P9 A X K RS
REWFHF OIS MR 50, R &
BLiX 2 A 25 Re 0% T B UL (o R kAR 14, (R B
1 J A% e A AR AN A B TR R ) 4 R IR
0 B MR BE AT 50 FE A R BBk 5T b ]
BEZMaR NN R, IR Z A NES
R Z BB R, 3E— 20 B A 53 B BF K 5 K
22 S 7K A A W 1 0 T

Hoa A BFFEIEW] 8K B A SR w
A 28 ] TA98 5 TA100 B BRAFF 58 K 2 8 (1 3 58
AR 45 5L AP #E Ames 330 h TA97  TA98
ARSI £ A A% A Y Y 98 A5 ), TAT00 AT Az il 5 | Ak ik
S B e 0 B AR Y, T TA102 W] A ) JHC Al 288 784 1)
HRAY Y AR U T HA AR SR T 4 BT bk 4 T F
FKTHRKE SR BB R, HRERLESA
W B AR M (B it Gedt2E M, e ) e 4 P
K g5 K 22 ) HE 6 T B A ] AR TR Vs 8 R A A
S WIS 2 A% AR A B — 2 R R BN, 38R &
B K a5 K 2 0T BeAE TE — 8 B B B AR
RIS

KT 2 PR 25 /) DNA $i 475 W 5% 78 & I oh i A

2 U, 28 B4 RS A K B 5 T BB
DNA B I 28 76 1o Vi JE 4% 1F F 7T 5 72 ol LA 48 &2 1Y
KUEE T 4. T 2K 22 J B R AL 72 i T R 257 e 3
ANERUIFME DNA e 4. A BF 98 e # T 46 DNA $i 1
WS s 0 25 B AR 06 BT 5T % 2 R AR 25 A 4h A
I3 L 20 0 g DNA 45 455 %% . 5 B3 %6 J Singh
2 8 Yk A S 3 1) LA R i P VKR B, ol TG
3 T, 5% A A T A5 I 0, R AT L e
DNA HE W72 i 50 45 5 R, K P B K E 5 K £
AT RE X A LI B A i DNA 7™ A — 5 i 5 78 1
DNA 4 % A5 W 58, (i 75 40 o 2 K78 K, 2 %8 DNA%
B BRI 2 o 24 i ) s A DNA 4505 Bl
R A0 B R, A 45 B ST A o VR B 1 o O
Fe HAT 75 AQ 77 W0 7T 5 /048 i iR DNA 25 &, % B
DNA J4 10, 5138 0 IO 38 I 04 5% 47 , 52 B — 2 )
XA GUTA N BT 5 DNA Sh4 454 il
AT HE RS A DNA $145°° o Kl 5 K 2 i E b 2
R RRBRACZS , vl B B — 5 BB AR TR . 5 4k,
[l b2 2 TN O R IR IR 2K 25 T B O T
DNA 4 W7 24t DNA 32 3 S {45 0 3 % >, A o
T2 2 W R 22 Jlont R R T 7 AR AR A T D
i 0 4 A B T 6 K R 5 K 22 S B DNA 514
o FE— AT, BARAL AT TE M TR, 4 S T e
3% 77 W HEAT IR ABESE.

B FE B W K, K 2 A A% AR 36 5 Ames
R 2 B (B R AR v, T S O A i itk
200 i 7™ A — 2 (%) DNA 5455, 3 Flisk 06 405 S 77 1 —
SE 2250 3 R0 B We B 3 AN R IR B4 A 4 5
TR 1 8 2 ke e A 9 B3 43 2% B, Ames i 36 4 AN
e TG R 4 2 R R LB SR W X 2 ik
0 43 T 2 W K 5 K 2 O R s R e AR S
2 T R DR A T R A A T AL 2 R
DNA #1453, 7] LUK I DNA #EIK %4, DNA #5242 H
Al DNA 4545 b i g R ALY $5 4R, B R K56 n] A
A6 A0 vk T 0 5 | A 1 AR TR P DNA i
T 33K 6 A T 1 DT 284 9 R — 5 R R 5 A
IR BIHGG , 18 Ames BB 5 ORI 36 4G U 52 BB
PEGE B 5 AN R 1 M R IR, 2K e sh ), 1A
Fe S ARE SR W, % R R R A i AR 5 T
R TR B B L Y A R ML T Ames it
B, B AR I Ames iR 50 BOMEAS 0 4 JB 2K 5 K
Pl AW . A5 A BF 8 L 7 6 B 2 4 it 1 4
ST AT A M, A AT SR YD AR T AR

g
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i3t 4% 2 1 3K 0 o 0 M b [T ] AR T B B 4%, 2006, 33

4 %i’é (4).457-463.

(1) 36 7 15 7K 2 B A5 7 B 43 K 0] B A 5 [11] ([}:J1519344-2003,Eﬂ{)ﬁ%?’/“ﬂE%/”ﬁﬁLﬁJ%iﬁ*ﬁW%ﬁ%
B i ST A BIOR A L TE ARSI R IR O 110y gm0 K B A
R GES g BESSECANME DNA U7 24 0 — SOk OF 52 (1), o (546 4 Tk,

(2) TEAIRIG 250 T, 2550 i 20 A Ames i 50 45 2006,15(2) :734-738.

SRR o B (E s 3 R 4 R RS K £ i e (130 For R, 45y 07 W Wi, 45, 1Y A% 6 1A S0 i bk E2 40

BRI S RS T & A (p <0.05,p < 1(%1)4%)% KSR F 5 [T, H AR TR I 24 2% 75, 2005, 39
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