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The effects of chromium exposure on sister chromatid exchange
and concentration of 8-hydroxydeoxyguanosine®
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Young-Soo Joo', Ho-Jang Kwon®, Yong-Dae Kim?, Myung-Hee Chung’
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Department of Preventive Medicine, College of Medicine, Chungbuk National University’,
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Department of Phamacology, Seoul National University College of Medicine’

To elucidate some DNA adducts as a biological marker for workers of chromate pigment, the
effects of chromium exposure on the formation of 8-hydroxydeoxyguanosine(8-OH-dG) and
sister chromatid exchanges(SCEs) frequency in 38 workers of a pigment plant in Bucheon which
utilized lead chromates, were examined. The chromium contents of venous blood and urine were
measured as working environmental exposure level. The concentrations of 8-OH-dG in DNA
isolated from lymphocytes were determined with high performance liquid chromatography and
electrochemical detector and denoted as a molar ratio of 8-OH-dG to deoxyguanosine(dG). The

SCEs frequency were analyzed in DNA isolated from lymphocytes.

+ o] =RE 19949% w§F ghed pRAN (71298 sl A7HUS.
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A significant correlation was found between creatinine adjusted urine chromium concentration

and the molar ratio of 8-OH-dG to dG(r=0.47, p<0.01). After adjusting the current smoking habit,

the correlation coefficient was increased(r=0.62, p<0.05). However, there was no significant

correlation between the SCE frequency and chromium exposure.

This significant results between molar ratio of 8-OH-dG to dG and chromium exposure are in

good agreement with in vitro studies that support the importance of DNA adduct formation for

the carcinogenic effect of chromium.

Key words : chromate pigment, 8-hydroxydeoxyguanosine, sister chromatid exchange
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2], @M, =7, ¢5 Ax, §F ¢ stainless steel A=,
YIS, WS E, ARES] A2, SAY A=, 1
SEEDLERES
oA gl AREEH T YTH=FH, 1994).

ZE st EYH = FHESEE T2 e} o7t
AL I UE ZENY EE FAENCEA
olo] B-Az-8-7} Mgt/ A-gol| oete] ul$- Theket
YFEE vehdth. & eyt 2 29 A,
A&4 v, vFA AL 2 1F, 718, 324

g 39 - F5E T8k A(Lewis 1990)
olgelE 2ge] Yele 2gcl AR o
Agelgtd oz e FE2 B e olfelrl=
2

18903 Q= Glasgow?] 9JA}Ql David Newman-2
AE FRE FF3he 474 @ ZER A LAE v
77l A4 (adenocarcinoma of the turbinate)}g H.i
=l o]Zo] AE o3 WAL Vet Hx
o] HyoltiLangard, 1990). °]F 19328 Z<e]
Lehmane] ZEo] #Hge] B FAX o] & Aol
ZHe BT o)%, =9 okg A|x 3 ZEAENA
A A H 9 (Gross$} Kosch, 1943y} v]=9] 38
d Az F L2AEY 357)AY (Machlest

Ac)
(i
5
J_E
tu
ol
e
i)
2>
°
o,
i3
i

Gregorius, 1948)0)] t) &t HatzAl 55 Edle] FEQ
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T 2472 Ed]2 ACGIH(American Conference of
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olg]g AFo] ojujdt 71H R & F¥sherle
oz gaakA] ggout, Auldl 48 671 ZFo] A
A E AASIAY Fx1ep| ke 67 28] A
sz FA4E whgAdol A FAEE
(reactive intermediate)e] ¥d7]| Aol 2Hgsle AR
AZsta gk & Aded Atk SFERR
(glutathione, GSH), A|2EI¢)(cysteine) &2 E}E
(thio)A] &30 67} 287 243t 571 A8 A
37 dedl, o12A ALY 57 282 el W
7g FZHAHEE 24 DNAC &4 ¢
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Kortenkamp £, 1991), ZZ3} E]&(thiol)A B2 1}e]
Hhgo) Qe F2 £4& A = DNAE Fopd
(guanine) F7]Y A o2 A28 cH(Borges &, 1989).
A7) AFARE THMH 7} IFol A
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o] 73t &7t ulAEAY 57F ZFolut hydroxyl
radicalel] €)% 2.2 A slom, 257} shig)
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Ag AEsRe AL 2AVRL AT 22AE
AN BHE e o B AEHH BEY
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A2e WY + gt Aedn 2 & Uk

mebd B A7E 2EPL ek FRE Azet
E 3 22AEE e 3§ 29 AF 9
@ 4Ed YAE2A B2Y Y7o &
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399 2AN 53 - ngsglt. 4EAE 27 A
ARYER, 4, FAUS HAYY o2 7450} 9

o §9) AR WFH BF, HRY, AL
£ 28 S0 osi] Byl Fhsd F4olut
of ol #5-8 9UY 5 U= THsNCH, 97
B4 ALl A,

37 3E =

/i
0

A4 28 52 G2 sheleb] el 715
28 558 29840 713 28 2 289 3
A EAS 7Lo}-o}o:] 67 22E =% - BAsT

A& AF= NAAFZER 7] (personal air sampler,
MSA portable pump)E A}&3819. 01, A2 2H | u}
gAY, 7, ¥ 2 2R, aEla AR B
olX 97hel A &E AH eIt A& X3S NIOSH 7
ZHAIEY 7024(NIOSH, 1989y we} 4Ajslglon,
42 23LPM, 28 3 A3 AIZHE 200802t}

715 67} B9l BAL  UV-spectrophotometer
(Hitachi U-2000 double-beam spectrophotometer at
540nm)E AHR-31IT}.

I

X

L=}

4.-7:

mgl_

I FejoleElH BEX o 38 o

AALESFEA (Varian SpectA A-800)2 o] 83}
flameless®IH 0 2 AFP AR} A 5 2 95 3
& v S8

Y5 28 vx9 24 AL Dry Temp 130T
(slowly increase 120sec); Ash Temp 9007 (45sec);
Atomize Temp 2300 ©}/J(3.5sec)o & sljen], &
F AE %9 BN Dry Temp 110C(slowly
increase 100sec); Ash Temp 1,100°C(60sec); Atomize
Temp 2500C |4} (8sec) 27 8tol|A] A 3shdt.

87 FHolEIde Jaffed¥ o2  spectrophotometer
(Hitachi U-2000 doublebeam spectrophotometenS o] &:3}0
Z33ld, 8% A8 F=E 2.

5. XIoHAAMZH| DB 2 Z4A}

10m9} Polujun]o) A2 G A7hge] Do 1ml
¢} 5-bromo-2 -deoxyuridine(BrdU, Sigma, Sul/ml) &
A 0.1m-& FH7isted 7223t el et o, i 8
247 Ao colcemid(Gibeo)s A7}FAt). WjkER
T 10%3F 1000rpm o2 L F2I3 T 33l 43 1
ARt 197 A2 ¥ Hoechst 335287 GiemsaZ

Hjd e & 2E57)9 A 300E BEsle] X
G A AN B w3 WIE S Aldetn G 46709

B ANGALAZS N
1974; Noppa 5-, 1985).

st (Perry T,

6. 8-hydroxydeoxyguanosine(8-OH-dG) =T

o &%

AHE HAo)x] DNAS 323 T (Marmur, 1961)
DNAE nucleoside level7FA] 4-8}3H(digestion: 1M
sodium acetate(pH4.8), nuclease P1(5mg/ml 2-91), 1M
Tris-HCI(pH7.5), alkaline phosphatase & ©]-&) %, o]
€ ultraviolet detector(UVD) %
detector(ECD; ESA Coulochem Model 5100A)7} -2
¥ HPLC(Gilson 715-HPLC system; C-18 Ultrasphere
ODS column; flow rate 0.6ml/min; 10% methanol +
10mM NaH,PO,)0l| 313}, 8-OH-dG= ECD&, #
¢ deoxyguanosine(dG)2 UVDEHE 290m)8 HZ -
Aeste] B4 dGszol HE 8-OH-dGY F=H| &
Al+el3 tH(Kasai 5, 1986b).
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excel 5.0)3% 5, AFUAE nE27Y AERLOR
TES 8% 28 v 2 85 AE =9 Pg= 7
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2 Al ARATLE NE Alo]o] FURAE YAl3)

L= Niag IRLAY

% THSAS version 6.04).

oAzt

StsARYGA e FIE
n]—_‘_‘—:—_ \d—.Q_ zl/\]-_cli 71.]3]
PbCrO,5 THE1L 9]

AT H3E
E&(Na,Cr,0)7} glgto g
+ Pb(NO3), & HHSA]A 39
g =z, Lﬁl ae)a ¥4 4 94 A38E T
gt UdARed, FAFLIEE AHEFS ¥ 3,
400kg F =0t o)2g BPo g PR S st
A ZEA 549 F 400] 19949 % AE EFAT
g Az EFEHUT

Axiaalke] B dEe 2. 1A4FE ST 12.09
on], B BT 314047} 158 (9] 39.5%)
oz b gskon, AHUEYE F2 Yoz 74
5o} &A1& 3 (7.9%) o]l Th(Table 1).

W

Table 1. Age and sex distribution for 38 study

subjects
Age group Male(%)  Female(%) Total
~20 1( 2.6%) - 1( 2.6%)
21 ~ 30 7(18.4%)  3(7.9%)  10(26.3%)
31 ~40 15(39.5%) - 15(39.5%)
41 ~ 50 8(21.1%) - 8(21.1%)
51~ 60 4(10.5%) - 4(10.5%)
Total 35(92.1%) 3(7.9%) 38(100.0%)

A4 3R we 7F 2B S NR T E
HAA 233 A 8E =F59 ACGH TLV 71&
9l 005mg/me 2RO, Bg IR 7122 A

23513 9l |2 NIOSH REL(0.001ng/m)S 243

Arolle AFFAE A 244 (grinding), A=A
(manufacturing), 7}5-4 (processing)oll 4] =5 3]-47]

z& 293l7 9IQItH(Table 2). 0|28 2Hx|= U3
Z= S OEg =4

anr

zRzko 2 AutAol 2ol

WAE govt, o) AreM AT me A
Q1 AEEZY ¥HE /FsT Ao Y2sel A
T4 388 F B, Az, 7HA Bl 256k
2299 AP nE2Foeg, Jga ARREeY
Fere) $Ae] 2Rake 1699] AFUE A2
o2 PRI

Table 2. Air concentration of chromium(Vl) in a
chromate pigment plant

Sampling area Cr(VI) concentration(mg/m’)

Grinding 0.282/0.515/0.157 /0.
Manufacturing 0.017 / 0.005 / 0.039
Processing 0.0095

Office room 0.000029

o3 U FeolEld EY E IF ST

w

vmd 220 T2d 257 4R Be Hew
geidl 8% AF sk(lewis, 1990y A7zt A
Ao) HF@FFko] 24.314g/€ creatinine(EZH 2} 14.42)0]
Aon, 7 =& 23S 79.20ug/ € creatinine©] 11,
H27hE 10.10ug/ & creatinineo] A tH(Fig. 1). S|4
“German threshold level’ 2 A8} 40ug/ ! (Deutsche
Forschungsgemeinschaft, 1990y %3tele A7uAd
& A9 10.5%3) 4950|1}.

Q39 255 et vlusld £ o, 1%
23 BF 25.39%g/8 creatinine(EFHA} 14.42)0.2
AE2 TS H  23.524g/8 creatinine(EFHA}
14.8)ETH OA B 7+ Bglou, B4R o4
£ B 93trh(Table 3).

dZ 38 e /M =& P08 242548/ 1,
ga 7P 3 goBE 054/l 0] EHEHAL Dﬂ,
AU 623/ 1 (BEHUA 459000t nZ2d
g2 AZzFMel HaAe A% 6.74ug/l, S.
saﬂg/z o7 QF ABA|S} Zo] i%ifoﬂﬁ 4

2 S Jepied, BA-eE /ot Aol
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A= R] ekokth(Table 3).

Table 3. Chromium(VI) levels in blood and urine

BlZF 8-OH-dG2 dGel &sH| Y
| mele

A
=
o2
=
Hr

for 38 study subjects

. HPLC®] ECD$} UVDE 7tz} 239 228 g

Cr in Blood Cr in Urine o o
(/lg/l) (/lg/g creatinine) ,S.Z_"‘?‘-/] 8'OH-dG9} dG-gl EED}EJEH‘U']'\: Flg qu'
Groups No. Mean + S.D. Mean + S.D. 2o, ZAU4d 3842 8-OH-dGS} dGe) sxEH|&=
~ 6.74 + 3.29 25.39 + 14.42 B 7.14residues/10°dGEZHZ} 2.10)2 HATHFig.
High exposure 22318 ~ 16.34)  (10.10 — 79.20) 3; ¢ F210) S5ick(Fig

553+ 359 2352 + 1481 '

Low exposure 16 (011 = 2425)  (10.69 - 67.70) 71% 3F T HlA 5 AN 2R3

100 -

80 -

70 =

percentile

30 ~

100

Creatinine adjusted urine chromium (ug/g creatinine)

Fig 1. Percentile plot of creatinine adjusted urine chromium concentration for 38 study subjects

-516-



100. 00

90. 00

80. 00

70, 00

60. 00-

50. 00

40. 00-

30. 00+

]

P ——

20. 00

10. 004

—_

0. 00+

'd

b deoxyguanosine(dG)

8-hydroxvdeoxyguanosine(8~-OH-dG)

' IR
0. 00 5.00 10. 00 15. 00 20

T

Y VY BV
.00 25.00 30. 00 35.00 40. 00

Fig 2. The chromatogram of 8-hydroxydeoxyguanosine(8-OH-dG) and deoxyquanosine(dG) of

peripheral lymphocytes in a subject.

RE2F] SOHAGS} dGo] EEH|E 720residues/10°dG
24 AZ2Fore] 704residues/10°dGET} TR &
< B0 SAF R {23 AolE veRpiAE ¥t
o} AE AR pIEE 938 nERFG20MER
vleled AZ2FGE3MERIN o 2 @S EAov F
A Freid& A Table 4).

5. 8 Zza| MSals ASx|Eelel Aligal

Table 4. Molar ratio of 8-hydroxydeoxyquanosine(8-OH-dG) to de
Oxyquanosine(dG) and frequency of sister chromatid
exchanges(SCEs) for 38 study subjects

Molar ratio of

8-OH-dG to dG SCE/cell
(residues/10°dG)
Groups No. Mean * S.D. Mean + S.D.

High exposure 22 720 + 195 529 + 093
(B8 - 11.0) @37 -67)
Low exposure 16 7.04 + 238 5.39 + 1.38
(18 - 10.2) (B2 - 18
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A 2AYE 7]F AZ 5 (external dose)y= F-Ao]
w2 zpol7k Ao, /HIEET Tl FEom
ARR o2 9] Z8 = YU(internal dose)ol A& 2 FA
d wa zo|& FAE £ QUArh F 71T IF F=
o }E Zgye] TR AFd o3 1FGNE B
7beke dele 43 AR FA ¥ AR AT

Sk mebd 8% 9 23 28 FEZ UEHe 4

283 Z2 AR A5 A AEFH IR
24 A £3 8-OH-dG w5H] 2 Ao MEA weh
T Alolo] Ak A AFddA 3898 E th Y
A8

AA A7l g FMelx] Agoteld By 8
% A% ¥£9 8-0HG Fxnle] 4aAFE= 0.
47(p<0.01)0|0 0™, ZgolEld KA 8F AFFE
9] Y4aIE 0.53(p<0.01)e] FAAFE BHPch
(Table S, Fig. 4). 3H 8% AF 5= 8-0H-AG ¥
THE fol8t ARAAE Holx] &%ken(r=0.13,
p>0.1), AojF A RA DS Wi} 9F I T B
g2 32 B% AlojdMx BAH R Jod AT
AE Bolx] Yot} =~0.27, p>0.1; —0.30. p>0.1).

Fol W A7 APt 388 A
A F 8k F£A4Fo) 2095 Y 1THE ez
Prje} 2o AP BAL AAET FAAE O
Aoz 3 BAdMe IdolEd B3 8% AF F
%9} 8-OH-dG s=H|9) A#AFE 0.62(p<0.05),
2z AgolEld B 8F IF = drudt 8
OH-dG =89 ABAGTE 0.66(p<0.01)e] FHA T
2 Hd, AA d7udlMe] FaAFE 2L 2
#3L Byt 8% 3F 5T 8-0H-dG F=H| (r=-
0.38, p>0.1), 28l1 8% AE FE(F=0.04, p>0.1) =
' 8% 28 559 AR Wx(r=-0.36,
p>0.1x el £ fol g ARBAE BolA] estot.

flo Mz
=

o

gl
[¢]

n #

AE ArFY 22AE WEes A2F F2 224
o] wet 7heAdE B & Sle AEHH dIRNE

A Nz Ao RE fdsly] sl Fd &
AFolM, 28 AESH ZIAREM FHE T
Zae] AgolEld BAY 8F AF Fko dsid T
289 YL 79| 8-0H-4G B, Z dGol| th&h 8-OH-
dGe] 8] Alolole fold FBAAL USE B
7o}, A EA e NE(SCE)) A
B fold AABAE DA Flgch

0|83 232 2] DNA ¥7px 24 8-OH-dG7} 2t
& ool SCE} thecks 22 duldtn ¢ 4 9
th. & AEo] 93 8-OH-dGe] 842 671 80| &
AN PAHE, Aol A3 F rERY
47} ®E 57} AZo M Aiyar 5 1991), 67} ZE ¢
A AAE ksl (hydrogen peroxide)} A, +
g 5o nEgEs wesk] PAgE weAel A
hydroxyl radicalel] 2§ Aoz AYzZ-Aci(Imlay 5,
1988; Watterhahn 5, 1989; Borges 5, 1989). &}
Z2jo] 8-OH-dG 5& 2R A AE 42
719} okg- ukodaln(Kasai 5 1991), AtA fel7]e] &
Ao] Z7keH HE Afole 229 8-0H-AG v=
Al Z7}5ck(Blakely 5, 1990; Fraga &, 1990;
Ames, 1991).

2 AFdAe % AgH 2o IgokEd 23
8% A =9 AT T 8-0H-AG Ateldl] f2ldh
ABRE AR A7 B ol Al &
g Ag9 AL L8k & 9L A He
o, 8% 38 55 3 e H2 e
dale AojmZ(Bragt T 1991), 72 A2

-oxidative damageE 2Jv]sl= 8-OH-dG FkH|2H9] &

o3 FaAe Zao Fgve Al wAE nHE
wol = u)-$- 2 Aol & 4 ok

&3 714 52 8-0H-dG FEH| & Kol 224411
Oresidues/10°dG)y= @A) 315 20743 e] HujE o] $-=
FAzz Fgoleld ¥4 8% AF %7} 67.70(u8/
g creatinine)2 2 vj$- ¥ & Bon, FHAR
=2 28 Hol ATFAH(10.1 residues/10°dG) QA 2
golgld By 8% AE ¥El 42.68(ug/8
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Moiar ratio of 8-OH-dG to dG (residues/1 0° dG)
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Fig 3. Percentile plot of molar ratio of 8-hydroxydeoxyguanosine(8-OH-dG) to deoxyguanosine(dG)

for 38 study subjects

creatinine)® & X & vehg o zH 8-0H-dG 5=
M7k Agols] REE 9§ WIskn Y8E HelF
Atk 22y 059 SF7IRIC] ZF 53 ko 8-
OH-dG 58] DNA R (adduct)e] g B+47]
A (repairing mechanism).2 ¢1&le] A7|7te] E2H
o} H2e) Z2g Mdths AHIE BalFE Aol
2 &g

B2 YEZFox & 8-OH-dGS F=H|7}
2o FAFE WAtk Rt e F §9+ 8-

OH-dG s=8] Aol Wi #Alo] Frlstn gtk
(Kiyosawa & 1990). £ Aol M = FA7% 8-OH-dG
o gANE A7) 93 24E A=sied, dA
9 £98 =t $EIY 7 8-0H-dG T2 #el D
A& HolA] Ekthr = - 0.06, p>0.1; r= - 0.16,
p>0.1). 22 19 20709 o]de] It} FAAE Y
o7 AYoleld B3 8F AF FES 8-OH-dG &
=89 AHA S BAEAE de fo ARBAE
HATHr=0.62, p<0.05). o]2igt ol EMAH7 &
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127

-
o
+

Molar ratio of 8-OH-dG to dG(residues/10° dG)

4 -
y = 0.0689x + 5.5011
: 5 R = 0.47 (p<0.01)
i
0
} 10

creatinine adjusted uriine chromium (ug/g creatininine)

100

Fig 4. Correlation between molar ratio of 8-hydroxydeoxyguanosine(8-OH-dG) to deoxyguanosine(dG)
and creatining adjusted urine chromium concentration for 38 study subjects.

2 A

o2

Selyete) S5
"ot &
< AgsA] &5kl gEel dx

27} DA (clustering)=l &= A4S Ho|
A7 el g FEEAN e Rl

2% 7 Ao, 2o A FARE o
AA G FAoM 85 TF $E9 8-0H-dG T Al
ol¢] 43 diEe] FrIe RN uBFEAY F
AHE A Aol dHdo] FrRte AL BHY

)
e >
oX flo

==

T oX

¢

A

Z 4 Ut Ao ulE 8-0H-dG AT Ev] 9&
o] d & JRoy B APl 94 Apuid
o] Algutel] H=] Go} o] & FA3A & R3A

£ d7e 228 g2 7oA 8-0H-dGE F%3}
Hout 2 249 540 wt Adld] F=He X
A7)t deug 3§ Z2d) o8] AHHoe g3
weE 587 #E 23 Sold DNA RN
(adduct)E P4 3%, B} A7e] Boldd ¥d &
A& Aoz Yzier.

[}
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A g AR we vk 9 £ A3l 4
& 29 AN EA 2 S Nzt A4
A B3toay, AE ZZToA vEa T v)s)
AN EAwg et EAH s folstAl o
3 Hug HZe quie] d7ES e 2AE B
AFANEHLFT 5, 1987; ATE 5, 1990; F5
1994). HYF S5(1987)2 A& =2JA 224} 479
(E2T 329, YT 159)S tidez AAG a7
A dY gxpox e Qg EA n NEr) Z2
oA 164 Eoha Bauslgen, AFE 5(1990)
QA EFUA S2A 4B H)FE AT 129, vlF
A HFo] fle FET 1248, U2 208)S tiide=z
AAG ATolA Al ATt A AR
Awg Wzold FAHCR g Ro|7} U,
vl AFeeld 2 ixrt P e Bad bt

- ERE Fol| 5(1994) 80H(ZEF 514,
ZT 299)9) TFYA 2EAE ez A
A QEe] zjolE FASIHEH FEFA 1
=7 SAA LR oo Eria Busiith
718 A7AR e 2 AT A Aol o)
Me o8 7R E 4T  gled, AR AET 2
g EA we Nz veRgdelet & 4 vk A
W Ee d7de 546 mE MR tE At
=22 & W "otk d@AHA AMgEHE
BrdU®9] ‘s (Carrano, 1980), uj%¥A]7H(Carrano,
1980), MHFE&=(Speit 1980), 12]1 AFEE HIR)
(McFee £, 1981) 5o wha} 2ol A 2 w3k vl e =
A2 g2t ik 59 AFEE tideE & 93F
AFellA e AE F X WA BAANLE F83
FFE 1A F 3i(Carrano T, 1980). 3 457
Aol 74, A8 (Galloway 5, 1975; Livingstone %,
1983), A% (Galloway &, 1975; Husgafvel %5, 1980),
&9 (Lambert %, 1978; Livingstone 5, 1983) Sof 2]
A G e Ao delA] St wer ole’t
d727e] HolE 2 T e o 20S 9
ato A2 0 23 EE2HAS 7 o

FHAE B A7 71& 479 o]y L 7)&9]

7

o %

olN

ol

2

Zode 2

77t ARTFAAE FL 2 A h, £ A7l
e e AZAAE Wz st Holagtn &
k. dutH oz FAgde] T2t g FUd
Aol o] &9 A7} glovt A ] el o
I8 A= Wi ohE Aeg deA A
E3) 233t Sl LIS ARske o) g
8% 842 Agdl=t $8490] 2 Cr0, T4
H]e8A AEIRES TP e AL v, FE5
F849e 7 283, 2834, A& 59
S}3HE] o WIS FH R e Rog U
A lth(Sawyer 1994). Wt F2 CrO0]] Z&2E &
EFTEA HjEe B AFuidaiEe] B deky
o] gt AFIIYPE Z2HT Yriu & F 5
T gNtd A 33E AL Al EEF-E2
717ke] Aol ol 1 AYUE e F Y Aoz A
2, RO L 712 Gairtael BN A
o] $gA4 3} ol S BAY3= Langard(1990)] 73]
T ZFzslojol & Ao Yzhdd).

AR 28 F=7 Qg EH g W%

o

o0 4

o] HAEe] M7} B Ro|t). Carrano 52 Tx

o fEpoA FA A A LA n S wEst H
BHoE BE AT 7-107] vehe 4 Slvhks 29
2 Bug bl Y=ul(1980), B AFE Tkl 2
A F3E A7 ARE HEHEH 28 Z279
A4 AEZ AGAEA 28 NES7) g de A
- BFESVH, M 22 A5 10.U0E Holm gle
W, 22 ¢ 367000 7909 EEE Ho|m
AHH DT T, 1987, AEF 5, 1990; %57 1994).
Aoz B fe 27 A% txdd Blskd
Ao & & Holx oy M B HE
o] ¢ AEF 10.170€ B Carrano 5o] AAIF 7~
1071 (1980)9] A E At 2743 grolgln &
et 2 AARA AN E F4 WAE okt
233 Z4ole AEAEA 2 glEe WolA o
o 1 ZF e FoE 83dn ANt
(WHO, 1985). mehx] Carrano So] A AAgE A)
EF 71008 NE22 & 3% oA s3ig o
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T F P e e BE 10.0) 2088 94 1
A3} Aol Fo 8 710 & Ao g ydr)
HHAlE oln] il wWergds F3dd ag
(IARC, 1982)°] B84 G| F 2] 2|l H &4
w3 NIz Ao B3 RAolrt. ZejdA AgPd
AE 29} A M EA g W Alo]o] Be Ao
g A 10370e] ATFARE HoEY, 28Z29)
A AR g i) FAA) g Ay} N2
Aitd g2 A3 LS & S drk(Table 5).

Table 5. Epidemiological studies for correlations
between chromium exposure and sister
chromatid exchange

Reference Study subjects  Sample size Reported resuits
Jelmert et al.(1994)  Stainless steel welders 32 -
Gennart et al(1993) metal power producers 26 +
Knudsen et al(1992) Stainless steel welders 42 -
Nagaya et al(1991) Cr platers 66 -
Popp et al(1991)  Electric welders 57 +
Nagaya et al(1989)  Cr platers 91 -
Nagaya(1986) Cr platers 24 -

=1
?']j_
F& Agsl& Nagayas 119) w=&oll ] 2}l g 424
28 W7} 67} 28] 2lgt HolAY & Wrkshe 2
& A FE7} ohjeky BEL Wlv]E SITH1989).

wep 28402 A9 Holgd S Wrkehe A
2o YN ERY DY YT Ao AR
2% WNxe] Bel U AFESL 8 7EG B 3
olul, 7)Ee) SEARS Fao] Zee Wb
F83% 942 v F o2 YT e 8-0H-dG FAof
B dotd AN 1 ABYL 1R Ao
e $BHEY ATHE FLAJT. 22y &
A% 52 THP 2 A7A) 34 ATE Sl
E a7ane] 22398 Axol & Ao Aled
th.

2 o

AFE ABRAZTY IEAE WIoE AF Z=2
o} 2N JET79| 8-0H-dG =] 4 S A
fEAFoRN AFY 4 TV Arxfel]
(oxygen free radical)7} THodsh=x] o B ol AEEZ o]
oeh G A EA ne W) F7lsheA S BE B
Hog EATFE Y33t

ABFH 1d o]} 27 2 =3 o
2 ARAE B 25012, 4%, 4, A8 229
TdE A4A 54 5& AR, olge AE
2 58 WM 7 3le AEEE AEEd ¥F
3 AYolEd B 8F 2§ TS S8 =2
B o9 YEFH JIANE2A BN Pzy2
FE dGoll tig 8-OH-dG2] & FEHE 3l
o, £F F719 AXE 3008 23l AxT A
I WS Algste] AA 460 B Aol
A w2 gkt
A 2§ E2 25 Bk A B

7V gol AHgEE FYolEd By 95 3
o} P Folx]e] dGel tigt 8-OH-dGe] & &

Fo g ABAA (1=0.47, p<0.01)E Hol= A
o2 EMEen, A9 FAFES BAsta B
3 Aol A= oA 7tk A3 =0.62, p<0.
05)2 Yehliict. 38 A A2 A we ¥z 25
F2FE0 = 7o ZBTA) FASA] Youth

ol2|g H¥k= AF el DNA R71A
(adduct)®] o] Fa3 1AL < Uthe 7129 A
TAT} dA|sn], wtebd 8-OH-dGE Ago 93
AP E ASE F Sl WENY JPAEZAM &
2 F A& ARRId . & 5= gl

R 1z
2
=]
p

e

s I-

& fe

>

off B e = fe
[ih]
HOR

M o
=
fr

=g |

=R fAlERY ek =FRIA 91213,
1991, p 72.
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