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Micronuclei in Peripheral Blood Lymphocytes of Chromate Workers
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Korea University™*

Objectives : The goal of this study is to observe the associations between the chrome
concentrations (blood and urine) and number of lymphocyte with micronuclei among
workers exposed to chrome. Additionally to test appropriateness of micronuclei test for
biologic monitoring markers such as urine or blood chrome. _

Methods : Twenty-seven pairs of subjects exposed to chromate environment and non-
exposed were matched with age and smoking habit, and all subjects were composed of
male workers only.

Results : In control group, age-related increment in number of cultured lymphocytes
with micronuclei was observed statistically significant. But, in exposed group, similar
results were revealed without statistical significance. Number of lymphocytes with
micronuclei was significantly increased with the increment of blood or urinary Cr concen-
tration. The number of lymphocytes with micronuclei were highly correlated with age and
smoking habit in control group. But, in chromate exposed group, age and logarithmic
converted concentration of urinary Cr were significantly correlated with appearance of
micronuclei. In both of control and exposed group, age, urinary concentraion of Cr and
logarithmic converted concentration of blood Cr were thought to be important variables.

Conclusions : There was close relationship between the micronuclei assay for evalua-
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tion of mutagenesis and biological exposure markers such as blood or urinary Cr concen-
tration of chromate workers. And obtained results suggested that further studies for
establishing age-related reference frequencies of the micronuclei appearance for general
people of Korean were needed to clarify physical increment with aging.

Key Words : Micronuclei, Peripheral lymphocyte, Chromate worker

M B

4 3gEdo} EFELC x=2HE 43¢
713e] AHF F YFFE 4ol F UeS F
Wy ARY deix AH(Doll, 1977) <&@ &
Ago] AA 2] FAdol WH3tE Y sle] XA
AWE 4o = o] 1EE AL Hud
Zo|tHICPEMC, 1983). Juid &dAX & 79
52 FUAT AFHAANA FEASA AHEHD
A HolgdAd EAE0] Azt & LAER YYol
E3gd 4TS Fa Avke AL 1950ddi¥Y
Al e] diie] =7l AlFsIdEt Azt 93l A
AERAVY AHEHE O ERA WolgiAe)
dee] PAER AT F& Bk R
19609 FWHE-Eyx= fHEA 8 (genetic toxicol-
ogy)°] MEZE 990z A7H7] Aoy B
Al Fea B IARE st A et
FHE F1 ATHUY. olF Fo] WolHdAo]
JAGAY E= g o] &3S 2 Edo] 4
Folle ¢oR dAde] o2 FEAPAN Al
o mel 1970dtiRE A7 Yol v Yot
(Russel 5, 1981).

2Ed 4F EEAd dE B MERA
A Wipo g WoldAS Rlsly Hrlstm Ut
AR ERHoz ol4EHn Je AEFALH
ol drbeze Aol (chromoso-
mal aberration), Zpvild4EA 2 (sister chro-
matid exchange) & 48 (micronucleus)?] 2
d AxE #FEs= WY Bl Uk

Sl Adeldtiolea] FH2 109d F<td
HEE MEFALH HAolgdy ATE AR, 9
A Fzo]ddl U ATe A Fol B &
ot v g EAe g dte dFr=g%
AAHE Aoz § dFFHIF 5. 1987), yA
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IE HF S2AE dAEF ATERIE F,
1989), #7144 HAF T2AE ddo= 3 A7
FHER 5, 1990), ZEAF 2=2AE WYz &
AF(NEE 5, 1990: ¥59, 1994; 38 F,
1995), Af3l8tdA] FAAE e @ AT (E
A% &, 1998), EELUstel= 29 BE A
Feld &, 1998) Bol Aot 28 4 #F
o 2)3 WoldAy 4L &Y F(1993)] A7g
ag FAFgoeAl, A9E 5(1996)°] 48FH 2=
2 2 22T 5(1998)°] Af38dr] 22AE o
oz g A¥PA Burl gl o},

Z7]19] 2¥AAPEL AEEL] G IFE
Gy ate] ThF A A E T 2MH E(polychromatic ery-
throblast)slA 43-& T Aot A¥e)
BRNEE AHRE, F3HA M AX £
F7)ol WA ojsle] FFog o|FEAITL 4E
FAAA N 2Jste] o] S Yol FAA zZHe
WA o] 24-g A XA HY A5 ¥y
A gAEe] GHA] FAAA ¥ FHe e o
2 vehdtd, o] W Il Zo] AXEdoel ¢
A AXAME GA o848 F Ao oful A%
¥ 22¥Y9 YudMe o] &37ld ol 3ol
Atk 28y Evans®t O Riordan(1975)& <
Zte] g2 YAl FAHEE EA (mitogen) & Fo8}
o QIubte] AEELS s A9 wERYPY
Y du7E didez A3AANNE J8% ¢ vt
2 332, Fenech$} Morley(1985)2 A XA o]
2dgdes #3E A4l (cytokinesis-blocking) 3
cytochalasin BE Fo3d JAEE FAsl7] 3
Ao o] 27HQ o|HAZN A8G B} {A T
Y F Aom A}t

B AP AT F A WY vlE
restaL, Agnlgo] AYan, & PYPE 4
< A7t A6 EA3 BF e Azt
Ay, GAA ooy AP EAnE 24 &



¥ fry} o)A WEo| 4oj37] wE] A
B1A Aol ZAF0]X|A] Yole A Adte] WE
o] 7Fsdltle Aol YUk (Evans, 1988). 53
AP A ol ddH R ey WE
d ey Ao gRAd Alm Fo] MY
3 Pr1E % 238Y =F2A e L4771 Q)
A= 3 AH(Surralles®t Natarajan, 1997).

old AFA: AYY/AF 2F T ¥& EF
3% SEAEY] 22 U L£9E #Fde
E AERFAYA HAeldA AAE AlBstd, 2Ex
&2z ¥5 9 A¥F AgFes 2871 3
g1 9 %9 AqUANIE JREAE =
Aste], Zge] 97 wolgAe AEE TP}
Yolzl el ol AL AYHer =&
" ARA 2249 AZRIE AT YENH JY%
9] w3y AFE2ZA 29z #8488 FE
317 fsta] B ATE Ay

ot 3 U
1. g7chat

A7 % AFA Aldgad 9 =33 3A AY
Ao AFd x=ZFH 3 e 04FE 424 Alolg]
224 279< 3§ &7 o8 Ao 94
o] Aojo] ol EFE FA 8 B B4
S2AZ AgaAct.

G2 Jubrore] AUPAL 4, &
A Fo| o] Jog g £ glomz g2
YA AE HFEEA =293 JA FL F
d I 22AF =3 24 /AT dFo
+2dog #mn, FAFTE] FARE B3 (paired
matched sampling) 8 B9 HHAYE Frs}
ScHTable 1).

AdelAAl, dARE 2 AERALE B8l |
A A71FAAL 0132, HAF oj¢d A L A
AV T2EA 5 ABIAE 525U A ot
3o o] AP 2T BF AUt

2. 3i% BIE 2BET 4%

& SEAA QA AR E37](Gilian Model
513A, U.S.A)4 PVC membrane ¥E (pore
size 5.0 #m, 37 mm)& P& FHEE FI31o

.

AF & 22X YXEY Yo AHEH M HE AT

229 3F 990 30 cm)lld £ 1.5 1 9
I8 FASUHNIOSH 7600). EHE Hei9}
F ¥HE 4840 A4 44E EYdEd &7
¥a A HNO; 2 mi& 7l3k] #7] 8d& 43
AR Yhy vpelazdelR 3371 (QWAVE 1000,
Questron, England)& o] &3l £33 3iict. 3
3r1el 28L& 150 colA 302, 165 TolA 30X,
a3 167 TolA 1080e2 3o TP el
9 FE4S AXEsT. AF2E §Yqd] Bo|&
FE AMgE] A 43S 10 ml(A1RE9) =3
AT B FEA (Varian 400P, U.S.A)& A3l
4 357.9 nmalA FF BHsigen] BE £948
o] -3t 348(98.2 %)& TF kS BA%Y F
EE AP FNF F 289 F=E mg/m’
2 3t

3. 2% 38 55 &%

Aoz AHE 250 m]l Eddd o 224
9] dA] 8.& AFst. EEdEd 874 8 4
mlg ¥ 2F HNO; 2 ml¥ 718l vle|lazq)
ol v 3 37 (QWAVE 1000, Questron,
England)& ol438l] st AA=g& A%
33l71e] 248 100 telA 10%, 140 TelA 1
¥, 165 CoA 28, 28]z 170 TolA 1083k
Aok, 93 357.9 nmelA Axld 89 10 dS
flameless atomic absorption spectrophotome-
ter(Varian 400P, U.S.A)d FY3le] E4aig
. 8% ¥EE creatininee® B3I pg/g
creatinine2.2 FAl35c}.

Table 1. Age distribution of exposed and control

subject
Age group Exposed Control

(years) No % No %
20 - 25 4 14.8 4 14.8
26 - 29 6 22.2 6 22.2
30-34 7 26.0 9 33.3
35-39 8 29.6 5 18.5
40 - 42 2 74 3 11.1
Total 27 100.0 27 100.0

p value : 0.888 by ¥ test
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4. U= A8 =55 &Y

Ca-EDTA7} €9 %& 5 ml Wel A3
ZF RPN AFPA2 53 JFH T e
139 ojue] £43tAct.

H%E YA9S dFAE AEdd 1 mlE 32
1 % Triton X-100 22 5] s]4% ¥ 3,000
rpmolA 583 LAEYANA AE4E 39
Graphite Furnace Atomic Absorption Spec-
trophotometer(Varian 400P, U.S.A)2 23
3l 2§ F=x #g/100 mlE EAS

5. YLl AtEE AlEY

g Fuozry o 3 mlE oA (1000 &
$1/ml) A AFAYH ] AYsl] A& AJefel
A APAE oldT F AEF 8AToWo M%E
A sk, AxEvde AY 0.7 mlE& RPMI
1640 7.5 ml, 20 % fetal bovine serum 1.5
ml, penicillin/streptomycin 0.1 ml7} EF=
wjg- 8710 W3, FAHEYE Z2A (mitogen) =
A} phytohemagglutinin(PHA: M#3) 0.2 ml&
13Tt olF o5& 37 ¢, 5 % CO, M
oA 4413 MiFF F, -60 ColA RFAIFALD Al
A B9 A (cytokinesis-blocking agent) ¢!
cytochalasin B stock solution® #HF Fx=7} 6
pg/ml7t A =2 H7ksta oAl 28A13F w8l &
ujFA|Zko] T2AIZbo] H=E F vhs, YAED A
EEIF] A 1,500 rpmeE 583 U4l
o AEAE weln AEg JT F HFFe
0.075 M KC1& F7lsted dLoA 583 W3
a}, olF oA 1,500 rpme 58-I YAFelE
o A5HE A F vetsd 4bo] 31 12 wij}
d agdo s 208013 s, FAAE v
&eloled] A|E 2~3ES HId =L F
3 A A AxR3A ANET 3~5739 o]
=g AFsAL. AFE Fol=e 208 B
Giemsa g4t 1,00080-8 FRAv|A st
Asdct. &% A$E, cytokinesis-blocked
cellZ2A] 2712 d& 717 oMM X 1,000/ E Ao
olF 57) ol3te] A& Ze A& Yoz 1Y
3l At ¥ AN 28 23 sle o]
YA X 71Ee, AELe AA7 B, AE
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Aol & fAlE AHlA 2719 FUE Za glod
A, FH3 4T Qa0 FH9 1/16%H
1/3 8 #2719 &g 7R 2 e U %
th oW F g 2% W TR oo} dn
23 YY) AY g9y A52 %t

6. X=Xz

EA A2l PC# SAS(version: 6.12) T2
< AHg3Rsih

29 AE =& F=F AYI] sl 37
Z AFFTE AN, 9%, I5ds, &4
dF ¥F 9 8F 3E = Tl wet Aol
el oY it EAFE vl wt

wE223 WERFEIA &8e] vehd o]d st
T &85 e SAHE L paired t-testE A3
stk k&3l o] A%, 2E710, FAAR,
g% 2§ FE, 8F 3§ Frd wWE &Y 29
AEE ZH ¥4E 2~ o2 o] EAHEY
< AP BARA] A9 Aold] F JEgS
EA8%

EF A, 24712, ¥F 2 8% AE F=9
Z8o] vehd o|FA X FH,INY JBHAE T
Zr AV O3 AEA S AlYEsith

2 =
1. &HEN 37|15 &5

B zA] #g ol =324 B9 3
% 3AE F%¥ Table 29 2t 2{Fxe ey
g =559 SEA =370, 1998)d 9
A AZEEY A (time weight average; TWA)
2 AAIBIY . ZE] digt TWA 384 0.5 mg/
m'E A4A x=&375S 29 A4S it

2. 3F c&Fa0 dix=2ef v

P9d ¥F AEFEE =274 0.190 #g/100
mlE 72 0.073 pg/100 mlEct E3kow
paired t-test AFAF 2 Aole FAAHE &
28tk (Table 3).

B 8% 3AE ¥Ev x=&7A 2.061 ug/g
creatinine®2 &9 0.691 #g/g creatinine
Bt} g3ton 1 Aole FAHCE f93t



HFE w2 ofd uiTolM L¥o] veht
€ oy dgT(olst &8 FAMe oYYt
1,000 =&ToA 34.270, 2T 17.67192>
w1 Aole BAXHLE FsATt.

3. ool o =&HTH cixTe 28 FHS
Sliml

2¥9] 2PL AP &S L F S0l &
A4 L2 =37 URFE F7 54 Fe
2 233l Z+ 434 4¥ 2¥FE vasdd.
a2 A 404 ©1BATE AT VA aFelA
&9 4% P47 R TANED FA4H
o2 fo&A =t

g 223 g2 4% o dFel F7t
3ol wel & 2ol Zolrt UERE YolH
71 98l BAEAE Algagd b, d=FolA
£ A%0] F/MEE 4Y9 ¥4V BAAem
fo8A kst 28y m& PN Q%G
&¥ 2853 pitol 0.085622 5 % FFE
dNE FARCE RoskA gtey AFe] 37t
Yol wa} &3 2857l vlske AL Bid
(Table 4).

4. gg Eolgof| ME S&T | ixFe 4y
- =l

EQ 0% 39U FAF) W} Aa) UG}
AL VEAF ZAP] Aotel =FE W U2E
Azt 4330 hsle] Mmsideh. FAFE 19
FAFE 2R WFAT, 1079 o3t FAZ,

A8 =& 22Xe| USHY UM AHEH BEt AT

11~15719 F42 € 16749 ol FAPe= F
B9t o 249 =379 YT oY ¥
FE 49 FAF0] A AS =3TAN BAAL
2 R85 E3kHTable 5).

a8y 2T ¥ =379 dddAde §94%
o] @& 2¥YEYFIdE FoAF A7t it

H2F @ =37 §F 4% oA F93 = o
£ 2855 FAF F9f X7} gitke
AR AR A2U AP F=Y Aoldl g 4
U 7FeAd FE st 4% R FAAF
e 2T Y =279 2¥EHS ] Ui 29
3 FAENE At 2 A dERTdAMe
4%4g 2A%NE W Q0 B 2925 A
ole BAALE R oy =& E Flst
A gstcH(Table 6).

Table 2. Cr concentraion in air of working envi-
ronments

Cr concentraion in air(mg/m®

Factory Subject

Range Median
A 5 0.0004 - 0.0075 0.0040
B 2 0.0001 - 0.0026 0.0014
C 3 0.0001 - 0.0070 . 0.0036
D 2 0.0058 - 0.0408 0.0233
E 3 0.0004 - 0.0010 0.0007
F 2 0.0004 - G.0092 0.0048
G 4 0.0012 - 0.0025 0.0019
H 3 0.0012 - 0.0067 0.0040
I 3 0.0004 - 0.0015 0.0010

Table 3. Comparison of biological exposure markers in exposed and control groups

Paired t-test

Type of Measurement (I\i’;ﬁe:m (M(:Oa?lt:fzole) N tl,\tie:; o value
Cr concentration in Blood(sg/100 m!) 0.190+0.1838 0.073£0.1012 0.117 0.0062
Log(Cr in Blood) (#g/100 m!) -1.993+0.8449  -3.059+0.8529 1.065 0.0001
Cr concentraion in Ufine(ﬂg/g creatinine) 2.061+1.058 0.691+0.4973 1.370 0.0001
Log(Cr in Urine)(#g/g creatinine) 0.539+£0.7011  -0.825+1.1722 1.364 0.0001
No. of binucleated cell with micronuclei 34 946.98 17.645.17 16.667

(No./1,000 binucleated cells)

0.0001
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5. §1% 3& ==Y 28 85 vlu

H22H =2TA §39 AT AFYE 489
HWedl SAs AL gHH & %o UdE ¥
¥l 1~25 %7HA9 FF#%E QL. 26~50 %
¥l S2AFRE Q2, 51~75 % HAY FHFE
Q3 2E 1 76~100 % HAS) 584 Q4 T M
oz 3] Z7zte 28 2PTE viwA
I 23 ¥F 28] S/ uE SYBHFE
F7hten BN A3t O zele FAFE
ol eH(Table 7).

EF AG AT YL WA A8t 304
njgk g 30Mo]dTo R ARFTE FHsln, T
AgEEE $UF 0.081 w/100 mg 7|ELRE ¥
Bl A% R ¥F A= wE oA £
AENE AP, 2 F3 mde FAHe=E

FoBT, A9E DARRE WA= YF 28
=7 3ol e A9EUTE RSA 37k
#tHTable 8).

6. 2% 35 5T 2% e un

H2E ¥ =2FdA 238 AWUF ABFEE
489 9ol SAs AL FgHE 2 oz ud
g wjgdA 1~25 %719 2PaE Ql, 26~50
% W99 24z Q2, 51~75 % WA &7k
< Q3 281 76~100 % WS 3HF%E Q4 5
YhEoR F33e fze] oY EPFE vlwd
tt. a2 8% 8% AFETT LSS &Y &9
Fx FIRINen O Aoy BAALoZ {3
tHTable 9).

T AR o7 P& wiAE] 3] 304
algl 2 304 o }Te s dFTS FI8lm, 8F

Table 4. Comparison of binucleated cells with micronuclei by age group (No of binucleated cells with

micronuclei / 1,000 binucleated cells)

Exposed Control
Age Group
No Mean=+8S.D. No Mean=S.D. p value®
20 - 25 4 32.0+1.73 4 11.0x+2.16 0.0062
26 - 29 6 28.5+3.56 6 17.0£4.05 0.0004
30-34 7 35.3+6.80 9 17.0+4.73 0.0000
35 -39 8 39.41+6.84 5 19.4+3.42 0.0000
40 - 42 2 36.7+8.08 3 27.0+1.41 0.2095
p value** 0.0856 0.0011

* Student t-test
** Anova with GLM

Table 5. Comparison of binucleated cells with micronuclei by smoking habit and daily consumption of
cigaretts (No of binucleated cells with micronuclei / 1,000 binucleated cells)

Daily Consumption Exposed Control value*
. e
of Cigaretts No Mean+8.D. No Mean=£S.D. P
Non-smoker 7 35.4%5.65 7 16.0+4.40 0.0000
1-10 4 34.8+12.69 4 15.5+£7.14 0.0383
11-15 6 32.01+3.74 6 16.8+6.05 0.0004
15< 10 34.517.31 10 19.91+4.09 0.0000
p value** 0.8527 0.3430

* Student t-test
** Anova with GLM
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AEFEE $Y9% 1.1534 pg/g creatinine 71&
o2 FEI ¥ L 8F AFFREY wWE oY
wlx) EAEAE AgEch. o 49 2de §A
Hog {3, 43L& 1S W= 8.F
AgFEI} F71 wWE 2AEPFE FIA
Z718tAH(Table 10).

AF =& 22Ae| YEEY Ao S T HT

7. E&DOM 227170 E L8 F8S bl

&2 2794 W 24713E 59, 5~9
d, 10~15dF0.2 $3lele] ztzte] 48 WS E
Hwaet, o dx 5d vivkgs 5~9AEde =
zol7h i, 10~159 M e F718e 3ol

Table 6. Comparison of binucleated cells with micronuclei by age and smoking habit (No of binucleated
cells with micronuclei / 1,000 binucleated cells)

Exposed Control
Age Group Smoking Habit
No Mean=+S.D. No Mean=S.D.
90 - 29 Non-smoker 2 30.5+4.95 2 12.0+0.00
Smoker 7 29.7+5.82 7 14.1£4.01
30 - 42 Non-smoker 5 37.4+4.98 5 17.61+4.2

Smoker 13 36.0+£7.52 13 20.2+4.91

p value* 0.0626 0.0069

* 2-way Anova with GLM

Table 7. Comparison of binucleated cells with micronuclei by level of Cr concentration in blood

Cr Concentration in Blood

No. of Cells with

Subject (n=54) . .
4 Percentile Range(ug/100m!) Micronuclei(Mean+8.D.)
Q1 0.001 - 0.034 13 17.0+6.52
Q2 0.035 - 0.081 14 22,6£7.27
Q3 0.082~0.161 13 28.7£7.76
4 0.162 - 0.962 14 34.9+10.31
p value * 0.0001
* Anova with GLM

Table 8. Comparison of binucleated cells with micronuclei by 2 way anova according to age and Cr con-
centration in blood (No of binucleated cells with micronuclei / 1,000 binucleated cells)

Age Group Level of Cr in Blood Subject(n=54) Mean=+8S.D.

<0.081 10 16.9£6.01

20-29 0.081< 8 27.949.69

<0.081 17 21.617.66

80 -42 0.081< 19 33.6+9.19
p value* Model(0.0001). Age(0.0336). Cr-Blood(0.0001)

* 2-way Anova with GLM
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o BN A3 o Aol FAHCR fo8A
&UcHTable 11).

8. A& WHE M @l A

UET R =37 4ZA 2¥2dd A WS
2194 BBBAE *‘?-1‘43}9&\:} &LolA 5 % 9
FEAA fold Aee dFolen, 14959%L
p# 0.101 FFIA FJsiAtHTable 12). WA
=ETANE 83 AT, dFEE 85 3F
wAdFe] 24 W7l 5 % felrEdA fie
o d8# dFEY dF A= 44 p#

0.0705%F 0.053914 flsisich. AMAo2e A7,
YFAEE WA PUTIEY 8FABF L o
FHPAEF] U7t 5 % FEAAM FldAnt.

9. A8jyEol CHEH LSS R4

QZ2FoA FoF AFVBAE B 9%, 19F
dgdt ¥5 9 85 ABFE §9 WEE 593
o] dAA AF AEiPEQ 2glgol= wez o}
AL L AP3AT. 15 % FAFEoA A
¥ ¥ge 9% 2 195930 pgke &2} 0.557
T} 0.221°193 270 W7t BE Add 2de) 4

Table 9. Comparison of binucleated cells with micronuclei by level of Cr concentration in urine

Cr Concentration in Urine

No. of Cells with

Subject(n=54) . .
4 Percentile Range(#g/g creatine) Micronuclei(Mean+8.D.)
Q1 <0.489 14 19.417.39
Q2 0.489-1.15634 13 21.71+8.30
Q3 1.1535-2.122 14 25.9+8.89
4 2.123< 13 37.14+7.68
p value * 0.0001

* Anova with GLM

Table 10. Comparison of binucleated cells with micronuclei by 2 way anova according to age and Cr
concentraion in urine (No of binucleated cells with micronuclei / 1,000 binucleated cells)

Age Group Level of Cr in Urine Subject(n=54) Mean=+S.D.

<1.1534 11 17.9+7.13

20-29 1.1534< 7 27.9+9.87

<1.1534 16 22.3+7.90

80 - 42 1.1534< 20 32.5+9.97
p value®* Model{(0.0001). Age(0.0183). Cr-Urine(0.0001)

* 2-way Anova with GLM

Table 11. Comparison of binucleated cells with micronuclei by working duration in exposed group

Working Duration(years) No No. of Cells with Micronuclei(Mean=+S.D.)
<5 10 33.6+5.66
5-9 10 33.2+8.57
10-15 7 36.5+6.63
p value* 0.5990

* Anova with GLM
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3L 55.0 %AHTable 13).

W =2 T AME RO AAVAS 1 83
AgMAY, YFAE 8.3 ABAEE, A% 2 o
S AFABEEE TS 2oz Wi
2 AL AdT. 15 % fAFTdN
A Hee 48 2 dSAE 8.3AEuA Fo)
AR A7) Bzt 0.6199 3.5058e0, ol ¥
7 2% Ade 2] ML 46.6 %At

AAAozE HoF 4RWAS 2 98, 3
gAY, W&EE U5 A5NMY, 95 A8
F 2 Ui 8FIAEF T I Ae
WA feud 23a8M4 S L USAEYS
AGsla olo] dLEFRHF W4E FYFH 299
olz Who 2 OEIAARENE AlFgss. 1 A
15 % feFTdA Agd Hye 8FIBAFE,
A% L e FIAETFINR, G fae
4.217, 0.547, 3.496°1t}. Al W57t 2% Ag
d 33 AM A 4 wige) AgEe ANF AE

38 & SEAS| YXEY Unpu AEH BE AT

W% 38.8 %, 9% 10.7 %, 28x AFARY
FAEFE 5.5 %R AA 2o H9¥L 55.0
% Tt

z %

TSty 2R ABREE AT A=
WL F2 APYR 3 AT 22459 YA
W AEE o &% UAEAY AT FHE
Fol FdA FEE wEd ox U RAEA
0 FNF v A AN #3EE EE
WAHERS) F2 HHBES FUA R w2} AA
e Zol7t & & Yev ol x=FFT HHA
A itz 8 & Aok ey dAede A
Wol7ldo] ln EF AAULE] Zpgel Fels}
7] el 173 vlAle Pl HAZA Aol
7b Aot mEA] ez AU Ee 8§44 2@
dgelg f3td FAx=ER R ¥4 073G

Table 12. Correlation matrix with No. of binucleated cells with micronuclei by group

Age Norking  Smoking . o | oo(Cr-Blood) Cr-Urine Log(Cr-Urine)

Duration

Amount

No. Micronucleated cell

: 0.654* 0.329°  0.298 0.139 0.226 0.139
in Control Group

No. Micronucleated cell o o0\ o100 4171 0173 0.376 0.435° 0.429°
in Exposed Group

No. Micronucleated cell - o7as o 1ea g7 0.415° 0.552* 0.690* 0.591°
in Total

*: p<0.05

Table 18. Multiple regression with stepwise selection on the No. of binucleated cells with micronuclei by

group
Step Variable Parameter estimate  Partial R® Model R® c¢(P)  p value
Control 1 Age 0.557 0.434 0.434 4,127 0.0003
2 Smoking Amount 0.221 0.116 0.550 0.754 0.0228
Ex d 1 Age 0.619 0.304 0.304 -1.953 0.0217
pose 2 Log{Cr-Urine) 3.505 0.162 0.466 -2.529 0.0581
1 Cr-Urine 4.217 0.388 0.388 11.841 0.0001
Total 2 Age 0.547 0.107 0.495 6.526 0.0155
3 Log(Cr-Blood) 3.496 0.055 0.550 4.767 0.0651
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o3 717t BAlel o] FojRok & Aolt},

FalBdo] AA v AAYYgE HriEhed
e AE, 23 Fe 78S ddes & ¢ 3oy,
AEE oz 3 FAEE ol A7 A
o g A7AFgge] 71 we] Jepdrhe HelAM F
SAE FAE 4 3o o]df i dr} wiksir}.

A Eo] i FAEA Aol GAA oA
(chromosomal abberation)ZA}, —&pull 28 -4
B (sister chromatid exchange, SCE)HAL & &
A A (micronucleus test, MN)7} HEAo]n,
ol HAIEL UE Ex 98 SHYEAES EFF
2o 23t A Xy dMH £49 F=E Hrgte
2Z2H GAEHEAS] Z2 3 YA PJ=& U}
e AETE JFARR o]4HI: UHEANF
%, 1998: Hulka %, 1990: Brooks &, 1995).

gy MERFAEH HARY Ads mAe] A
g, Ad, §d, F Ze 899 AA FH,
DNA 598 2 A8yl 43E ol 713t
a2z AP &7 47 Aoz deA o
(WHO, 1993). 28y AEZ/AE HAHL &
HEAZ QA7 7] AZE Bt we) K" 5 A
the oA A B o) gtiold] s ojor &
RAog Azt

HolA T FATH HAIA ol 8He 4a¥F
AP GAA oAV A A EA A
B} 713 A A #E B o
ZHAAPgo] o} A48 ZHoA] girs) o]4H7] Al
A5 22 Fenech®} Morley(1985)¢] }7d3} Al
¥A B8 Ak (cytokinesis blocking agent) 2
A cytochalasin B& w4735 £Ashd Ho)
A 2¥e] EIFEE BwAY + e Havt
AL o] FH-E o[t}

Surralles®} Natarajan(1997)¢] &jsl8 #el
A 2YHAPEE AMSSe da7]3e BE 60970
AR o]E dAF7|ddME 140F o\ eI
80%F o9 A ZUeigd] Hgstn Ut 28
U 5 dFAEC] 4 478 AEUEES UL
2 ZAR ubo] o3 AUAAMe diezEe A
H, A, §4 59 Ae|2 AT Holr} o
W, EE3E APWyo] o1F gl AlgAlH, W
L JA71H Fo Ao|2 AYP4TEe] ¥olrt Avke
Aol Adctx At EF £Y FHEE o7 9
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3l AH4E 3 JE cytochalasin B7F @43 0) o}
et JEgFS mR=Ad g HE3E o] oFF
HA 4gtn, FARTE G o)y 28 2@
Zke) FARA 2 YAR 23o) A4 o) o
W A¥ dgso JeAE ¢ F ke Holgn
3.

v 287 e AAde, o] Wge] EAAR
o) A &3E Hrkhe A el x|
gAY Ay, AMEMEAN G AJPY R}
A% 2 Bolxrl ga AAPEe] s, 4
n)AEoA &3S £ ddsle FEE 5
shet ol#lgel flan, WE AR A& A
BHg 4¢ £ dke A Fol UM Hulka %,
1990: Surralles® Natarajan, 1997). 53]
Surralles®}t Natarajan(1997)o] HEAQAF7|#e]
ARV AL F3S ATl o3td, 2¥HAL
o] o}z A o]e UYAr|E=A AFY &
Ache Ho dside AENESY 54 %7t F ©l
71239 A7t APAHH FMA o] e diAlr)
€24 2% T sithe v 83 %7t §93tan
Atz AT =R 2AHNG A77NES 93 %0
Me, oz ERMEAALY /HH FAl AL
" ZAfole olFul4Al (aneuploidy) & 3 &317
A WAANdez: A3 & ddn AT =
g 2] ey AT A HAR A
&35 AAAH7E 87EHE st BEE HAA
AHE-E 4 lthe A dEd e FEA o Fo3)
39Uty 53 gow 4¥E AFHoR BF AL
3 71719] AAke] N1gA 0 sbedr] wie &
P e das] FE digk 23eYy R
2 Atme} #AE 78 Ao are HEA
o] Erix Bt

Sejvele] AR FololA] AP o] A4
" d7Ene §39 $(1993)9 ZEgx=2 224
o i3 Bmet BA%E 5(1998)9) MHsadx 2
BEASE YR ¢ Bt o 8 A7e ol
Ao FEHL L2YY Ad¥FE Y 2y
Ao AXUd] BRY 2¥e] 2HUSFE ALY A
ojty, 8y &¥¥ F(1993)8 A7k ¥ A9
z}o)AL, AAR= cytokinesis blocking agent£4]
cytochalasin B& Fo{3kA] &gta d4e] =
¥ AFoX= Giemsa P& AHSF ¥ Wright



He AMER Holtt, EAlT §(1998)9] ATt &
Ao AolHE, & F& AZEWGF 24A30F4
cytochalasin B& Fd3 oyt & dAFdie &
H3W 80 %9 A ITeAA B L3k e WY
SABI MEFFE 44213 FA3che Hol
o}, wEhA B d7el SYdlN Rad F a7 A
dzZo] doldld AFAINE AFH R Hwdhe
e o#ge] k.

£ a7 28 Yo7 AME 1,0007R<1A 2AH
g 239 £ dzTdA 17.6+5.1774% 4
£88 5(1993)9] vz 0.77+0.65(0~2)
A, BA% 5(1998)9] di=2TolAe} 10.0+3. 174
o wgd g & Aelzp Aok, EF FFHA &
247 7.815. 20 (A9 H9: 3~23)
+ Surralless} Natarajan(1997)8] B 319lx z}o]
7} 9d5k. o]€ cytochalasin BY % A&, 44
H o2 gz 5 AEEe] Aolg dzves
AT 2D 4%, 48, g8 59 Aol
o 71& e Atgdr}. F, Falck $(1997)&
HZ WFF 24X 3HE0) cytochalasin BE F4 ¢
F F WG] 52AIZY, 64A1%L, T6AIZ0] H%
£ gl o, &3] F¥syE 22 11.009.0
~14.8), 13.9(11.3~18.8) ¥ 14.6(10.5~19.8)
2 Yeht F wgAIzte] ool wtel AMEHS
7t 7FTha i), QEe] B AfdAe Az
g3 442]2%0] A3 F cytochalasin BE ¥
A4 AX g A7R 2¥ 2@ Bolrl ol
2 AZEn, 23 4F dr)e9Ed] g¢ e
2 A Y 2248 YRFoeE AP
olf71 8 Aoz AlR€r}

Fenech®} Morley(1985, 1986), Hogstedts}
Karlsson(1985), Ganguly(1993), Radack %
(1995), Thierens $(1996), Odagiri ¥(1997),
223 Peaces}t Succop(1999)2 AFol F7Hgel
wet 4% &do] FUHNttn Bag 9, Sarto
(19872 XA geon g, 2y
Surralles$} Natarajan(1997)¢] B3t wjef} o)&}
A FHT ARIEY 75 %= A%o] U4 w
g} 2o EPSE UM, HEMY 71 %= A
o] we Jgg wete AdME /K2 dda
Bt £ AN E AEY Aol Q7 EEE
A7 gt szAAE gHoR Agsdd)

3E =F 22X Y2EY Yo AMEHA LE A

HEo] dde Ael2 AF AolE FEAY FE
Ak, a2y A wE F7 FFL W gl
HA%. Bolognesi $(1997)2 933 2¥&H4
7o) GEHAN AN pgkel M7t AR e} Ko
7} 919 0.06%-8 0.148x 3z, e A7)
M 0.1904 0.313 ¥9=tn 3 H(Surrallest
Natarajan, 1997). &8\ Fenech® Morley
(1986) AFolMel fake 1.040, Fenech(1993)¢
0.751, Radack %(1995)2 1.010& Rxusle= &
Buxo] we} vjg- & AolF Holm gith £
TFoA G AHANY B HRTAAE
0.557, x=&FNMNE 0.6198 E} Q7o) visld &
3o Yol & Ao ey}

3E =FFR 57 2571306 wE A2¥E
¢ AFNAN 247108 2SS e 79
& a7t gt ole AHHAPHC] FHAQ E=
& Frkstevle 3EES A doke /Y= AR
&9 97 (Surralles®} Natarajan, 1997)3 =43
Zolshe doela A4t

FhA R we} 2¥E&ASF7 SVRIYE Bn
(BEA% 5, 1998. &¥¥ %, 1993 Hogstedtst
Karlsson, 1985: Stich®} Rosin, 1983)¢}, ubd
JgS wx gette Ei(Fontham $,1986;
Reali ¥, 1987)7} ic}. Surralles$} Natarajan
(1997)0] ZAMG ulef & KYPF AE/E9
29 %ol F4o] A£¥EFHS dFE T A
th & ZAAN FAPERE J1EeR A¥EdS
€ B E Atde URE © =237 ZFHN
AR ol F7F FIE BT F ey
dHE BHANUE Ao gz FAR A
AYESHFIT FodA TS & & AT 2
Hy EAF F(1998)0] HF3edR] Z2AEA
3 ZAMA FAxETY 2¥EFESF(13.0
3.00= HFA=E7(10.043. 1)oM R} FAA
2 fo3A Sr1ettn Basgict.

A EA mEo|t 2MAAPY T B AEH
AYA AT 43 vEE gAY g Aoz
d34% F qov AAAAEA LG L2PAAE FA
of Al At BA grh. 18]y Bolognesi %
(1997)0] ol&zejole] /) A771#e] ARE we}
48l Bag ulo] oJ3pd FAA o, Awid
MEAZET R &Y dFE AP FNEF
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g Z7hhe FARE S BQda diyo. @9
Agd =&HE TEAES Yo Y 97
oA Aol A EAe] YHEANEI}F 2F FB T
A w4 Yvhe Rn(}AF F, 1995 Knudsen
%, 1992; Nagaya %, 1991 Nagaya %, 1989:
Nagaya, 1986)s} W3vlxr} =t Hu(ASF
5, 1990: %59, 1994: H9F &, 1987 Gen-
nart %, 1993: Popp &, 1991)7} itk o]d€]
A48 TYY & W, 2gx=&7 2YSESFLde
Fgo] Arhe A9 J3o] glvke dFH2E 4AH
A @& Aoz ¥}

B ZAA 2§ =279 Y7 ¥F AEY
(0.190+0.184 #g/100 ml)2 AGAARAYNA
A3 FA1A o|sEAM, YEH(1994)9 AExE 2
2a1e] FE FAEFE 0.39+0.25 1g/100 ml
o} AF F(1995)9] AEHE AxET 2 1xF
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of ulEd vl Fe FFolt. WA H3H
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¥E 38 A 0.239+0.121 #g/d1(0.05~
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ninede HIEE FEIAT. a2} B ZALAA
VFIEFY LFAEY] F71% e ANEY
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qot. 2Y £ RAXE 715 2 893 259
FAEGoE BAEHY 671 AE J%E mod
4 At

HELE W =37 2 o] dRYY Yo
2Y &g YL M= A HWFLE B9 OF
HAENE APEgd uf, dizTMe 93 ¢
JLFEQFo], v =2 TAME 4 R RFHG
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B, 8F3EY ¥ YUY FAEY] fogd W
$Qct olF Hez Hol TRIPMN Uuite)
2Y28re A% AFPHEEE AT AN F
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