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ABSTRACT : Single cell gel electrophoresis (SCGE) assay, also called comet assay, is a rapid and sensitive
method to detect DNA damage in single cell level. To evaluate the DNA damage of lymphocytes of pesticides
sprayers, SCGE assay was carried out for 50 pesticides sprayers and 58 control subjects. They were interviewed
with structured questionnaire to get the information about the kinds and amount of pesticide. Insecticides and

: fungicides were predominant among pesticides. Major components of pesticides were organophosphorus, orga-
nosulfate, cartap, carbamates, and triazole. Sprayed pesticides were classified into two groups. Group I included
organophosphorus, organoarsenic, organotin, tetrazine, triazole and gramoxone, which were known to cause
DNA damages. Group II pesticide were carbamates, surfactants, organosulfates, etc., which were not found as
DNA damaging agents in scientific documents. Olive tail moments of 100 lymphocytes were measured by
KOMET 3.1 program for each person. The means of tail moments were compared between farmers exposed to
pesticides and control subjects. Farmers showed higher tail moments than control subjects (2.07+1.40 vs
1.53+0.77, p<0.05). The means of tail moments also were compared among group I sprayers (n=36), group II
sprayers (n=24) and, control subjects, and the means of tail moments were 3.45+3.20, 2.66x2.20 and 1.53+0.77
respectively. The difference between means of group I sprayers and controls was statistically significant (p<0.05).
In conclusion, this study showed higher DNA damage in farmers exposed to pesticides than control subjects, and
comet assay could be useful as a biological monitoring method of genotoxic pesticides for farmers.
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1996) HI=E 77|12 5ol =329 T2 w2yl
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Arerdmlol A} 3=l Ael®l 213 F4A}7](Becton Dickinson
vacutainer systems)2 ¢F 1 ml®] dH-E& AY F ice box
o] Bslo] A ol APAZ gnulsle] FA| ZFE
22J5led comet assayell ARESIATE Y 1 miE 15 ml
2] conical tube(Coming, USAYI &7 ¥, ¥ serum-
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1mi®] Ficoll-Paque(Amersham Pharmacia, Swedeny& ©|-4-
sley PEZFE Balslsict. 1800 rpmollA 1587 U4l Ee]
3 % 25l FETZE serum free RPMI 164022 A H
AAsGE A AE2SE 471998 E73547] (Improved
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A&e]] ©]8-% agaroser= normal melting point agarose
(Amresco, USA; ©]3} NMP agarose)$} low melting point
agarose(Amresco, USA; ©]3} LMP agarose)3].2™ ©| &
microwaveS ©] 43} DPBS(Gibco, USA)el| o] 1%
NMP agarose®} 1% LMP agarose & 0.5% LMP agarose
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lysis buffer [2.5 M NaCl(Shinyo, Japan), 100 mM EDTA,
2Na (Amresco, USA), 10 mM Tris-HCl(Gibco BRL,
USA, pH 10.0), 1% Sodium Sarcosinate, 1% Triton X-
100 (Amresco, USA) 10% DMSOJel] go] 4°Cel| 1A]%H
308 2}t 92tvi AWA pH 139 unwinding buffer [1
mM EDTA (Amresco, USA), 300 mM NaOH (Sigma,
UsA)ell 2087 e}, Lysis®} unwinding AlollE &2}o]
ZE 92 coplan jars AFU)ETUR 24 dell xEHA
AEE 3t
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buffer [400 mM Tris-HCl(Gibco BRL, USA, pH 7.4)%)
588 A W washinggte}. 214 Az} B3RS A d& €
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Table 1. General characteristics of studied subjects

(%)
Classification Exposure Control p-value*
Sex
Male 34(68.0) 31(534) 0.123
Female 16(32.0) 27(46.6)
Age(years)
<41 9(18.0) 19(32.8) 0.242
41-50 18(36.0) 21(36.2)
51-60 16(32.0) 14(24.1)
60 < 7(14.0) 4(6.9)
Smoking
No 25(50.0) 40(69.0)
Yes 25(50.0) 18(31.0) 0.045
Total 50(100.0) 58(100.0)

*P-value by chi-square test.

slgleh (P>0.05) AE BIL tjZFo| 404 wnlule] 3238
%E 5oF AXAL 18.0%50F BUL, FF ALAL 604
o}l 14.0%, AETo] 6.9%Z ME FEe lo)7} 9l
o BEA A2 §9)8ix) AITHP>0.05). 94T &
A FRE ke A BEFIAR TRl Faee
ok ALEAOA 48.2%2 2T 31.0%85 A7t Fgkor
Bl FQAE o ALEAF 49.2%, AEF 69.0%015%. ¥4
B B FoA EAHoZ KO8 |7} 9l
(P=0.045).

=2 &AM HH, HEl ¥ &0 uE
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Y 27olA2] HF tail momentZ 1.530]91.0m ER=
1450190, 2= 1.612 JRlol|lA Fo] ¥-& tail moment
£ Bglout AHel mE FAIH 28k Aol E HelA] ¢
otet. 2ol W tail moment FE Aol F1 o
g A4 el S HoiFA] dal glem, BAHLE: £
g zlo] B HolA] FstohTable 2). AR AT tail
momentZ-2-24E duklEe] FIAF T3] A 90
percentilezkS 73 A3} 2,557} AFEH R, o|F Komet
4022 33 MR 7o) 3t ] AL gE

Table 2. Tail moments in control subjects by sex and age

Age\ Male Female Total
s$€X No MeanxS.D. No Mean+S.D. No MeantS.D.
<41 11 1.27+0.81 8 192068 19 1.55+0.81
41-50 13 1.72x1.02 8 167061 21 1.70+0.87
51-60 5 1.23x040 9 138+077 14 1.33x0.65
60< 2 1.29+0.19 2 1.15+0.12 4  1.22+0.15
Total 31 145084 27 1.61x0.69 58 1.53x0.77

The 90 percentile value from control subjects: 2.55 (1.9 from our
unpublished data)

Table 3. Tail moments in pesticide exposure farmers by sex
and age

Age\ Male Female Total
Sex No MeanxS.D. No Mean+S.D. No Mean+S.D.

<41 4 210£240 5 249229 9 2324220
41-50 14 179124 4 187055 18 1.81x1.11
51-60 11 249+159 5 1.84x093 16 2.29+0.86
60< 5 177x059 2 229+133 7 192077

Total 34 2.05+143 16 211138 50 2.07x1.40

Table 4. Tail moments of exposure farmers and control sub-
jects by smoking habits

Exposure Control
No Mean+S.D. No Mean+S.D.
Smoking 25 1.89 £ 1.25 18 1.57£0.98
No smoking 25 224 + 154 7 1.51+0.67

AT A& 90 percentil %kl 1.9% “Hunpublished data)
(Table 2).

20k A¥2150 79 HF tail moment 2 2072 &
UL, 3439 3¢ 2.11E A 2.0585 kAR BA
Mo FoJslAlE dgkeh(Table 3). Aol whE M3
= dA3A] o8kl BAH LR E 31| Ak

FoF AR} W27 ] B0} BAHLE foF At
o7} gt ¥4 3ol w2 tail momeniZl->- Table 4}
e}, FHAEARIAME v FAAP} 224, FAAE 1.89%
B EAz} =8lo] $A vgkon] BAH SR feJg Aol
A p>0.05). AEZFIME FA2E-1.57, ¥FAA7E
1512 ViSIR|9 4] A1 o2 felgt Aol ¢lsiH

= MEXIR} Ci=22| Comet assay 22}

ok Az}l o272 tail momenS 2.07, 1.53%=2
AR §o3 xlo]E Erh(Table 5). A7 AL
2 S A4S 94 5 AEAY tail momentF
205, dA HE2FEE 1452 FAHSE froat ztel7t UK
on oA ASE oF AAEA}] tail momentgte] 2.11E
2] 1612 AT BAX R FeIsiAle At

AL gk Al 9} AREAIZE 90%e ) d-E AR]8Is R,
AR F716A, 571434, 25, 7lutnte EA 9} Ex

Table 5. Tail moments between exposure and control subjects
by sex

Exposure Control
No Mean+S.D. No Mean+S.D.

p-value

Male* 34 2.05+1.43 31 1.45+0.84 0.043
Female 16 2.11x£1.38 27 1.61+0.69 0.150
Total* 50 2.07+1.40 58 1.53+0.77 0.017
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Table 6. Tail moments of farmers exposed to pesticides which caused DNA damages or not

Group It Group It T Control
No Mean+S.D. No Mean+S.D. No Mean+S.D.
Male 21 2.16+1.49 13 1.88+1.38 3t 1.45+0.84
Female 9 2.44+1.75 7 1.69+0.52 27 1.61+0.69
Total* 30 2.24+1.55 20 1.82+1.13 58 1.53 £ 0.77

T Group I sprayers used pesticides such as organophosphorus, organoarsenic, organotin, tetrazine, trazole and gramoxone which were known to

DNA damage compounds.

T Group I sprayres used pesticides which were not reported about DNA damage such as carbamates, surfactants, organosulfates.
*Statistically significant difference between Group I, Gorup I and control by ANOVA (p<0.05), Multiple comparison analysis showed statistically

significant between Group I and control (p<0.05).

-1 E1Farmer
__{ EControl

Number of subjects

0 &5«‘;&*&%
<19 1.0~25 25~30 3.0~35 35~40 >4.0

Tail moment

Fig. 1. Distribution of tail moments in farmers and control
subjects

olZAIeoE Wit AME 5ok DNA &Ao] Al
F71A, F7 A, F715A, HER, ErjolE, 1elEd
< group 122 29] 7|} $E group IE T3}
group I, I 2 =79 tail momentZtS A2 ¥ 23]}

group 12 AM¥3t 79 tail momengt-S 2.24, group 1II
2 AEg A9 1.8201%0% H=F 1530 =8 group
I} group [IE- AHXE 3 79l BAH= folsp 714
tail momentS BT (p<0.05 by ANOVA), BARRA F
o] oERnE AAEE A Al Y] FolA group B
AFZ} 7399} 2Fo] FTAHCR Fro3litH(Table 6).

Foptzalel 25 tail momenite] TEE HE
A2 fAkg Fel g FshAA 752 75 tail momentk
o] 2.50|1Akl 797} FUFslEA 4.0014<l A= HEHA
oHFig 1).

o &

AL U Eee 3EtEA o s EAle] AME
o] 23} 712 3= 7122 (Hoet, 1996), EFZ3t vpiS

Z3t QB =% TLEL internal dose®] FH, AH
A& At 2= A7A sekeR gl sk
Aol ok 50 o)slell Mgt PEI B2ES A=7t
7Vsgt AR ole). weby sobde] Hat Mgt LA
A x| A, Eubye] i, SAAFe] Yoo} SN F
o} sl H ATFHAR L = FAlEeIH.

Fofoll x2E SRSl e AEIY FHEHO=A F
AEANE ZAske AL sshEdedt o diaEAe o7t
FA A Hrlele AR Fokt AT LA 9
3 dad ZelmE 7 FgAe] ulf Atk FASAAAE
52 AAJH ol AY 7)) S YrIsh] A8l AR
HoR 2 Ql=d], AERA3AQ endpoints: 7] #1351
F2 ANt S GAA o)A, APl RA g, A
AL Folo}. o] HALEE F2 AlgAA o] A|7le] Wl
A3, FAEAY AukEe] A E vledsiet. 54 318t
B4 23} A2 542 DNA adduct®s: ZARHR= Ao
2, p a8 FARE AR by, ol
g HPHe AESA B ESe] AME7|E 3T (Moller
et al., 2000).

elA| 4719354 (comet assay)y> AL A EZE oFq
2 Az A4S ok w21 BI7sA] DNA &4
G714 Qo] wl$- 7 fAEA A dhgeE A
H1 9o}, FelME ol 7R fellEdel =28 S
AL E DNA A EE 3718 A7) xR dke
U FelMe A 59 9t in vivod} in vio ITE
E3F DNA &A1) 3] 8ol thsled comet assay?] o8-
Z7V8t2 ¢)vH(Garaj-Vihovac & Zeljezic, 2000; Ribasg,
1995). Comet assay- Singh et al.(1988)3} Olive(1990)
28] £ w7k DNA &35 AT 4~ = whes
W3=|glem, OECD guideline® 2. A-457] Ha £
o] = TH(Tice et al., 2000).

dutel @Rl thdt FXE AAls7|91s] Luklel ol
oA comet assayS AAJEF A3} tail moments= 1.53£0.77
ol on] Ual= 145+0.84, A= 1.61+0.69%1c} izt
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o Zol7} BAH LR FolsiA] WokT, REFV)E A7) o)
ol FATAE T3] Y AA 2T 90 percentiledh S
T3 A7} 2552 VERdol(Table 2). 28 o] AFeolF
<a] AlFAeA Komet 4.0 2 7808 AR&3le] tf2F 41
o] thgt 2ALS & A3} 90 percentileZ> 1.9 A Y}
gt gt HEgke 152 A8k, BFSA) 2o}
90 percentilezto] 2] vh& Ao|v} (unpublished data). %=
& o2 27E] ARE 208 9= A ALY 9
o Fol 1.9%k0] o] HA3 FuA 2 AehEc)

Aol o2 DNA 4 AEE B =348 doe F
Aoy, Fv @& o YARE AAs}ed o]o) At 7}
ZAP} ol FoiAel & Aoz HAXA|RE, Moller 5-(2000)
2 o4l o] DNAEA) o] Fohal Haslgly, 98] d7or=
Az} @Ak} o7t o ¥ tail momentE: R} 98]
Aol A 1439 tail momentgke] ¥ - FoF AbEA9)
=T A2l S HE v TEle e T S Bot
(Table 2, 3). 8t 3o WZ tail moment 7k }jol&
HolA] elgk=d] o]& Lebailly $(1998)] 251 F, &
Zol| u}2 DNA A =7} 2bel7t Qehe Hate} fAlst
At

F4 AL A0 dig d7E AsEy e, E
7], T5=o) QoM Fdo] AR Sl %S T
B39} Frenzilli $(1997y2 ¥9& T8 14 o F 34
2ke} Fz} Alelo] DNA &40l BAASE F23h x}o]
E Mok B aslgl o, Fel HEs AR 97%
< F99 A3l ulE Aol E epled A st
(Gregio D'Arce et al., 2000; Somomorovska et al,
1999; Wojewodzka er al., 1999). $2] 9T Zs} 94 &
ol W& DNASA HE7} 203 2pol 8 HelA] elskedt
(Table 4). Moller 5 2000y &4 oJ¥o)] m=} DNA &
Ato] FjolZ Hal dF BUSL F2 {3 Ao
23}t 797} dol, FA58] o], Tl B2 (tar ), =
E 2 A 559 Ae] AAFe] 3L S 7reAE
A7k 9l

2] A3 5 Al 3leA tail moment Fr
Az vle] BAAHLE ol 37 eRdalcs o E
2} 207, HZ2F 1.53, Table 5), 98, A, Fdol o}
ol 251 AT (Table 2-4). o)2iqt A= Garaj-
Vrhovac®} Zeljezic(1999, 2000)2] ZAe} d=)el= Ho|n
FORAEELR Aol 9le] G| o] ARE FYIATFIL, Al A
FA 2L o8l ARe} XFe Alolet. =31 pof
o xZE= AJzte] AT AE 34} B F, AX A
27 FE4E F 2FoA DNA £l Ve A
g BT BAH LR folsiAE st

AE 3o we) AR} S-S 90T AeE Ry
7359 287 k& AYE oM BAE A3 fAA
S dog)e ok AXF At 28R 4 TS
AYE 8 798} tail momenh-e AT, FARAMS] =
Z) oA EAAHQ AfolE HelX] ditH(Table 6). F+
Z79 39 A¥o] W tail momentghe] x}o]7} BAHH L
2 foeR] g e BEY 2P AE okl o
B F59 Bk AXsY] dfel AAZ DNASARS o
271 kg AESF ool Hgt ZAPL o]HAA] F3t &
AL 7 9)7) dEql AL A7,

ok AZAIO} P 2Z9 tail momentZhe] BEE FAF
A7 2F AEAANA tail moment®) FTFEe] T
AN 5 AxAle} d2Fo] MR o E FEF Hol
7o} ohe} gt sof AEAE] tail momentitel 7]
Folghe AL & 4 sk o)A T AxEk, AE ok,
A 717 5 GoRt 8UER QM 5o AbEe]| wE
DNAZAYo] & AlgEo] d¥ EAjgiche RS HoiFa
ot} o] WAto] of ALEd]| 23 AR U Fh
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