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In order to evaluate the genotoxic hazard among workers potentially exposed to low
level petrochemical substances, the analyses of micronuclei(MN) and sister chromatid
exchanges(SCEs) in lymphocytes were performed in 46 male workers(as exposed group)
and 46 nonexposed subjects{as control group).

Mean frequencies of MN and SCEs(respectively, 12.9/1000 cells and 6.5/cell) in exposed
group were very significantly higher than those(10.2/1000 cells and 5.4/cell) in control
group. And there were also significant differences in mean frequencies of MN and SCEs
adjusted for age, employment duration, smoking, and drinking between two groups.
Median frequencies of MN and SCEs in exposed group were very significantly higher than
those in control group.

Frequencies of SCEs were higher in smokers than in non-smoker. Frequencies of MN in
smokers, however, were similiar to those of non-smoker. Interaction between exposure
and smoking on MN and SCEs induction was not observed.

The results suggest that there is genotoxic hazard in high risk group like workers han-
dling carcinogens in petrochemical plants and the analyses of MN and SCEs are useful bio-
markers for the exposure to hazard substances even at the level below the exposure limit.
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A 2 Ay WAl (benzene), Q3N (vinyl
chloride) 222]i olgd#d £Atol= (ethylene
oxide), 1,3-¥E}IA(], 3-butadiene), MW, Z
& (chromium) #°] 3 23 444 3¢ ¥
ofvgt B#<l(toluene), =Ele]d (styrene), Ao}
W (xylene) #& W¥E {F7138E8F 5 I
Fl gl ©E T EFE2E 7ol Uk

B A7 diide] @ HFHsdacix ket
FelEAEC] HFHZT glen, H2 AAE ¥ =
AR DA (BESAi bR e, 1997) o ofsha A
BERAN ZRFRYe] HUAY YYBHESL XFT
yiEe] fgdES YA HENE
ojste] AFxR KAHD e Aoz HIHUD.
aei YA os AUYEFES 2 Z2-¢EEA
o 2lolA 9] (threshold) = AHI4 €luls) gle
o AEgE A7 28 AS 25 == EF
Z2o o3 A7zt oR {IAG ANE UG
A (Brooks F, 1995). wEtM A AEexz £
ZEAA d44Ee AL FFHA g A8 &
dats Az £ o3 27) A7) Wl
A #o)3 Aulzh fEE D ool wig HIH A}
Feelrl 3" 4 AT A[YE oA Ay
e einigle delsr & 4 AL Aol

A W o] 4 (chromosome abberation) ZAts}
o} 28 (micronuclei, MN) HAF 3 2ol A 24
3} (sister chromatid exchange, SCE) ZAle

T oy E4E8REe EEE24 A% 4T
sy FAAEG g Ao g FAELE

Zg 2 A4az AEE drkste AEEE
FAARR oledmn e (Hulka %, 1990;
WHO, 1993; Brooks %. 1995; Mirkova &,
1995), Al H538tFd FARAE el Ar
= FsiEde] T2l HEH EXAE BE
gele AlE7 BiE) ol Felxlm Ut (Carere
1995; Holz &, 1995; Tates &, 1996). &t
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29§, agn X9 ¥z (half-life)ol 3¢5
o dE, FHE, 2F 2L ndao] A% of ol
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2 A7 FYAZI LTl dis) AlgE 2
A8 53 AFH(FIAALHFY, 1997 o el#d
#HEHE] AAPAY YEeEE ERVNEE 2
#H8tA] ke FEoldlen, @Al dsiuids §8d
ol A% HmnX el FFo] Er|ed Ridle AS
7t lick (Table 1).

2. ey

djokef] o] &8 YL sodium heparin®l & F
Hol 3mL AMYsl AARRAE sigin A48 3
HE RAS "M AXujckiz HEd A&
3] olFdtq olF Y¥ A viaYPAlel, Y%
e A e mPe] o438t 4¥E Tawn
F(1992) o} AAJE whfol] o)Azt AASAS.

1) ol (micronuclei, MN) ZAt

ol4d M F HY 0.7 mLE RPMI 1640
(Gibco, USA) 7.5 mL, 20 % fetal bovine
serum 1.5 ml, penicillin/streptomycin 0.1
mL7} EEE widg Feh=3) ¥, phyto-
hemagglutinin (PHA-M; Gikco Co, USA) 0.1
mLE& #7138 ol&€ 37 ¢, 5 % CO, ¥
oA 24412t wlFg ¥, cytochalasin B& HF ¥
=7t 10 g/mLe] SE& #H7ista Al 48413t W)

@ ohE 0.075 M KCl ¥%¥3tn 58%o) %
doz MAY ¥ ¢dlol=§ AABd Giemsad
Al stgic,

aela B Wo|Fsel Folle ¥ sk AR
& 1000744 Mol 1 5 AEHf st o)< v
29§ 7R Sl MAEe £& Y4 §Ug=2
Aggo, vlide ML FHA 71FE(Tawn 5,
1992) o} =8} AR en o 7]E& ched Ak
th. &, (1) M2 F FAE c|RAXNE A4
b, (2) 3 MEFof ZpAEe] FAV HHs
of @}, (3) vlA&¥ME 8 (main nucleus) & ¥
Bdo] FYdlelol ¥}, (@) vidHe T3} P&
3A #el=e] sy 48¥Moor ), aslan (5)
va¥e] AP FHAR gt o|sjoiol Fr}

2) Xlofjg M ALY (sister chromatid ex-
change, SCE) #HAl

ol48 ¥ § 4% 0.7 mL& RPMI 1640 7.5
mL, fetal bovine serum 1.5 =/, penicillin
/streptomycin 0.1 mL 283, PHA-M 0.1
mL7t EgEo] g0l Sle wikirie] WA &,
Fohe HAglel 37 ¢, 5 % CO, ¥@7|oiM 24
A% HRFEAct. Wi 24A1A4 5-bremod-
eoxyuridine (BrDU; Sigma Co, USA)el #F
Fx7F 10 g/mLel S & wigrlef Hrlsied 4
o] et “Fefoll A 48A1F o] wiokstny, wjko] ¥

Table 1, Ambient air concentrations of hazard chemical substances at the time of

study in pertochemical complex

Chemical substance Mean Maximum TLV-TWA'
Asbestos (fiber/cc) 0. 009 0.11 2
Polycyclic cromatic hydrocarbon (me/m?) Trace 0.2*
Vinyl chloride monomer (ppm) 0.075 1.76 1
Ethylene oxide(ppm) Trace 1
Chromium (mg/m?) 0.0002 0.189 0.5
1. 3-Buladiene (ppm) 0.015 4,986 10
Benzene (ppm) 0.004 5.2 10
Toluene (ppm) 0.022 1111 100
Xylene (ppm) 0.031 31.0 100
Styrene{ppm) 0.038 2.43 50

# Threshold Limit Values-Time Weighted Average based on Threshold Limit
Values and Biological Exposure Indices (ACGIH, 1995)

# TLV-TWA for coal tar pitch volatiles



w7t 2413 Ao colcemiddl HF w0t 0.05 we
/mLel =& 7Pt wigel £d ¥ s
& AedA 1,200 rpmeZ 58 WAl Ea sk
2% AAstn, H7iel 0.075 M KCIg4E 6
mL Wol E8& F, 37 ¢ 2 #€° 244 15
B wistdot ©ol& oAl 1,500 rpmeE 583
A LA FEE AAT F, 2% Y (metha-
nol® acetic acid =3:1) 6 mLE& 434 & g3
WA H7Me F 4 ¢ oA 1583 yARAsia o
Al Aol d2elA] 2,000 rpme R 5¥I 4R
gttt AF2 AAsn AAETL 2 sl
ojg] FoE & Ftol=FetA Hol 30 o] ¥¢ol
offa] T A whe ol oA 3Y T 37
DAY, Fgol=2etAE Hoechst 33258
(Sigma Co, USA) &% 1587t @3 BrDUY
HheAl7] & A FEtAg 92 A2 10me] A
g2 IAES UV(366 mn) ZAMAZITH 2™ o
& 60 €, 2X SCC &84 308 Az,
4 % Giemsar|efe g 787 Q43 F71dzA)
2tk AEoAcR 3008 FrigadE St
o Axd SCE =g A3ttt

3) XEEN

E2 3 dizFAlele] YukAgl EAo vmele
tAF D #HA L ALy

T 3ol AT Auig A A e devaeds
td 33 Mann-Whitney#d 3 & o281, ¥,

T2, EFQ4E, 22l §$FARE B4 &
S 2zkel niadE Ao AEse] BExe wim

Table 2, General charateristics of subjects

Al g Ego FA7te] 454 (interacton) ]
Ztele ZH3¥A (analysis of covariance) & ol ;
£33t AH$¥® EA packaget SPSS(Releae
7.5k

gt
1. CigXiEe] ety 8Y

E273 g2F 44 4634 F 9299 IR
A7t Aol Hasided 23 84%E 574712 2
&t gen HEARL 94T RE2F £
ZFAbolof Addel BXof glolM & el gl

ol HF ZFVIE 10.50 2 Hd 28.1d
TE2EE 7R AR ddon, Z2de BT
TR7I1Ze] 13.0d 28 hEF] 8 1dur} fols
A AAch

WAz F FA4E 52.2 %5 AAsla dRew
Zg oA dxzgRct FAxte Furt #sov
#9g Aole gtk EoAle Alge FAvle
68.5 %enm 9r) ZZFoA 73.9 %E WzF
9} 63.0 %R Edou FF AHole it
(Table?2).

2 RESY AN AL

Table 3914 B& utel o] 27 Slojr vl
233} AujgMEAe] FFEFEANE(zEFHD &
Z}zh 12.9(+2.8)/1000 M=, AEZ 6.5(x1.4) 74
2 Rz 10.2(£3.1)/1000 X, 5.4(£1.2) 7
of Wla] felstA EAcH(p0.001). wELlles

Group
Characteristic Control Exposed Total
(n=46) {n=46) (n=92)

Age (year)

Minimum~Maximum 24.9~55.3 23.8~57.0 23.8~57.0

Mean * SD 39.9+9.7 R.2+77 39.0+8.8
Duration of employment (year)

Minimum ~ Maximum 0.4~24.4 0.3-28.1 0.3~28.1

Mean + SD 8.1+6,6 13.0+6.8°° 10.547.1
Smoking {yes, %) 45.7 58.7 52.2
Drinking (yes. %) 63.0 73.9 68.5

* p<0.01 in comparison with control group
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38¢ 7hsdel A B 9B, SR, &
Aoy, g3 §9 YL ALY F T 22
ZEPUEY vadde vlade 3¢ Hole
Eol Axzm, ARgAeAs 35 Holo) Fol &
o ERAT HA § o BAReD RY 2
17t AATHE0.01). F T claRT Aok
2A el MRANE BF FARCE folg
2ol 7t A%1eH(p<0. 00D).

U EAAES] A F2E YA vlaus 2
) FFEUNEE 242 12.8(£2.8)/
1000 M ¥, AMED 6.3(x1.2742 w279 10.3
(£3.2)/1000 ME, 5.1(x=1.2)74 ®is} f-2isiA
ETHp0.05). § Baol vl2az Aolg A

FAue vEolNE tidAe] Zaol o8 HA
gol e UKW BF BAHog {98 Ao]
7} 1T (p<0.05) (Table 4).

FAAEY S E2To| oM maun o)
AMEANY FRFEENEE 2 13.0(+3.0)/
1000 A%, AEF 6.6(x1.572 W2Fe 10,1
(+3.1)/1000 AE, 5.7(x1.3)7Hol vleh f2)aia
BATHE0.05). 5 Z3te] vAsst AjojgAE)
FUge] HEelN ZFE EAMCZ KO8 Aojr}
UKATH (p<0.05) (Table 5).

FA29 viihd AujdAEde] HFEENUT
£ Table 49| HIFATH v mEGE W ojase]
e EF2 9 Uz 2HoA vEden vxd

Table 3, Frequencies of micronuclei and sister chromatid exchanges by exposure

Group
Marker Control Exposed p-value'
Micronucleus (/1000 cells)
Number of subjects 43 46
Mean=SD 10.2+3.1 12.9+2.8 €0.001
Adjusted Mean+SE" 10.1£0.5 13.1%0.5 <0.001
Median 10.0 12.9 <0.001
Sister chromatid exchange (/cell)
Number of subjects 42 42
Mean=SD 5.4+1.2 6.5+1.4 €0.001
Adjusted Mean+SE” 55+0.2 6.4+0.2 - 0.002
Median 52 6.4 0.001

# Based on t-test or Mann-Whitney test
# Mean=*standard error after adjustment for age, duration of employment, smok-
ing (yes. no), and drinking (yes, no} by analysis of covariance

Table 4, Frequencies of micronuclei and sister chromatid exchanges by exposure

among non-smokers

Group

Marker Control Exposed p-value#
Micronucleus (/1000 cells)

Number of subjects 22 19

Mean*SD 10.3x3.2 12.8+2.8 0.011

Median 10.0 12.0 0.010
Sister chromatid exchange(/cell}

Number of subjects 23 18

Mean+S8SD 51+1.2 6.3+1.2 0.001

Median 5.2 6.1 0.002

# Based on t-test or Mann-Whitney test

57 —



Table 5, Frequencies of micronuclei and sister chromatid exchanges by exposure

among smokers

Group
Marker Control Exposed p-value*
Micronucleus (/1000 cells)
Number of subjects 21 27
Mean+SD 10.1+3.1 13.0£3.0 0.001
Median 10.0 13.3 0.003
Sister chromatid exchange(/cell)
Number of subjects 19 24
Mean=+SD 5.7+1.3 6.6+1.5 0.046
Median 5.3 6.9 0.033
# Based on t-test or Mann-Whitney test
FEojglon, ArjgMEde] A F2 ¥ X Tates 5 1996).
T REoN uFATETY §& £E0lAT. E2d B A7dMe vlade WEe iz 223
FA3e) s A& (interaction) @ ZEE Holr] oM T3] Y dEdeA dWIEE didez A
e&atct, Al AFAA (X T, 19974 bdE dxEH

n &
vjdala) oG wE HArAle FAEAH]
Byt o g FHAEA ojfsHm UxT HA &
2o 2leiA A7 712 AP & A led, &
A7 DNAEQ S AEe vzl (half-life)
of 24X AMA &4 Wt EE A T A
A7he)] A7t Ak ZHAle] o) 88 ZA el FHo)
upet dlxol xfo]E Kol Wl T2 e why
o2 ZAME A4 2ENEY JoiAql vnE 3§
LA et (Hulka &, 1990;
WHO, 1993). £33t v]l43 g alojgd MEH g@7
Al tiadatel Add, dF, AF, GEAME, AgE
# AEZ, FE, &F, dolg® 2 /e W
we @8]l (confounder) ol 2ls 7iqld
7 QlolA u]EelHQl Wty
gt
a2y ol2ig AHelE BFstm vladz 2
oA ME e AR AfgaEd FARES
2ol HFEH| YA Nz E2E 7%
ol e A% £ WE daMe BAY
Arxdgie 2 AART Ak (Hulka 5, 1990;
WHO, 1993; Carere %, 1995, Holz &, 1995;

v Aol

(Merlo %, 1995)¥cte Esteu, Titenko
(1997) 2] FFATNM g 2T NxEths B
Vel RAoigAEA zel vixE dzxTe 72
2+ AEF 54702 FFAL dgez 3 tEdy
A (Park 5, 1992) oM e] ¥Ix 8 87H) wgte
b 5Y 2PN AUIEE gidem HAR o
TAR(Z F, 19979 4.308 0 e w9)kn gE A
Fas HAFAES ddezd A7 A7 (Carere 5,
1995) oAl WlzHol Eich e A7RAREDR
oA Ylzeol Aol Mgzl wye] Fojo
A HRE RAe2 FZE U B ARle diREe
AT =AM Ao AU BR T Fhe] 4
A vade & FA47 glg Aew adsiu
B dFelMe AAETe o4gFE vz ]
29Eg BF nastAle FathAT
dA dxeE HRFoHN WA=
(healthy worker effect) & whAlstE 1, durH
2 497 sl Fd € S5, 5
ZA S Astd FAFF G F3 (stratifica-
tion) F BlEdtAY FRARME HE3 H} B
E vlmelA dBAAUA E2IFH dHEAtoldd &
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e gld Aoz gadErt

dHMe &4 U8 fEge ool 4 Uk
7P stel AN} Bt gy BAY
€ T e A9 AR UAT of PMA)
AL Ateh g dste] HAAg dus] 49
g A7dde &3=0 YA %e dAyolesw
FAAHALe PR EPA BIA e
AL obA e AYY =2 viool § £ ek 1
Ay FAAERNEN AR BE AP e
FelgYel E2ot weel I E Wrisked ol
g1 gleng o4s] AAe EZTM gxFy
O iAoz fEde o gol £2H3 UsS
AARBF5 gl

€ 479 A 7heH sve A8 IL
2t didzbg AEe ae Hh 94 #2819
i, dW¥A 7 ALE WAL F(internal dose) ol
g Frrt ol fojAA Rt § AYRY Fay
717t ol fojAla] R3AThe ol

A% n@dacld iy 22 ndd fHEUY
FF-NUA Wt F RAEY WA ¢4 €@
& YT E F712HQA 77t Fubslojo} &
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I e FRIANGcZE WG T MUY 27)
E2ENE wAsted @AVt 2o AaAes
HAtel 282 AgHe g He wigAg Ao
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ob&2 & A7 Aah: 2UE HFA F o
¥ TEAEY FE AEAL] 2 Q% F44
Edre F717t d4dEHol A% ol sl A%
Al #do] YayE AR F3 2,

2 £
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& Z2F08, AR3E 2Ex 469E WERFoRE
o Yo7 olAWHALL AujG M EA TR A
AlEte] o3 e ARE AU
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Wl 2+zb 12.970/1000 MZ, AED 6542
W2z 10.270/1000 A1¥, MEZ 5 4709 v)s)

W ReldA maten), A9, SF)3L, FAA
¥, 33D $3Re 49§ AR F viay
A AR 2] PREUNS] T F30e) vme N
E FA¥E /98 Aot AUY. F 23 1)
293 FoigqER FE3e] MadMiE 25 ¥
AHo2 vi¥ fofd o7} AUk
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o, Z2aRe FARTAlelof Faage gt

oldel Ade HRAATIN eIEA HIA
T UF AN 22ARe RAE4Y A9l 3
o8, W% 3 AfGHEARY PAle serE
ojdts] #HEY XT2o| Y HEYA WA ¢
28 £ 0EF AAsFa Ut
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