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Adaptive Responses using Chromosome Aberration Analysis

1.Adaptive Response in CHL cells by Benzidine Dihydrochloride

Seung Hee Maeng and 11 Je Yu
Department of Industrial Toxicology, Industrial Health Research Institute,
Korea Industrial Safety Corporation
34-4 Kusan dong, Buk gu, Inchon, 403-120, Korea

-Abstract-

We studied adaptive response in CHL cells by benzidine dihydrochloride, a
derivative of benzidine, which was a major mutagenic agent in dye industry. Chromosome
aberration analysis was used for the identification of adaptive response to this
mutagen,

Adaptive and reactive doses were confirmed by cell proliferation rate curve,
Cell proliferation rate curve was obtained from the mitotic indices of cells treated
with various concentrations of benzidine dihydrochloride for 24 hours.

Marked adaptive responces to benzidine dihydrochloride in the induction of
chromosome aberration were observed in CHL cells by pretreatment with low
concentrations of benzidine dihydrochloride (0.0047 mg/ml or 0.0094 mg/ml) for 24
hours following posftreatment with high concentrations (0, 0.0187, 0.0375, 0.075, 0.15
mg/ml) for 24 hours, These adaptive responses were found mostly in the type of
chromatid breakages and chromatid exchanges. There is no difference in these results

between two adaptive doses, 0.0047 mg/ml and 0.0094 mg/ml. The amount of adaptive

response, however, was dependent on posttreatment doses.




HHA O] JAHE o] &3 Hguted 2
1. Benzidine dihydrochlorideol] &]3} CHL Mie] A-gulg

3 53, f oA

VFUYLATT HIRAATY MY AT
]

AAAYA] E FA4H5 34-4. 430-120

AdHo 2 AEHE MBS 7} uir} Holrls ¢ o]F WL HUEUE @
U8EF (carcinogen)Z} 'dete] X713 w3lel NS &4} & B0l S sl Mg
7t dolW8 2 (nutagen)& AESLaL, DNALALe] b, DNASALS] 38 DNALAe] = 3|
R olE Aol U AFTY 4P MEY vFES Wssts 2L AgrAYtyoes
& ol d53Holet & 4+ gl

AF7HA HYA HolAGARHLS IA WRed f82 $29] M3} (gene mutation),
AHA+F2] M3} (chromosome aberration) M DNA4=Z9] 3} (DNA damage)ol thyt whyo
EA "2 BAYYA LU/ (0ECD) Y] AETHzol 3t & 15272 SAFHAHY 7)o
Eztlo] 2gEo] glm o2 AL ARE AUHol MUY RoET HAY (AM X,
1991).

ol FMACIZAHYL Alle TUY AF5FEL AEE wjUshs o] AUW o
HogAbd o HEEAY RASHS drsted $851A ol8Eo Yl = nMEL
ol&X AmesAHMZ} A HUZAL [P 2ol ©AsHE UEHQ Tl Ay
AEGULE de] 2013 Qlo] oI BAA, QB =EAH, EAM, FAY W oay
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2ie] BFH, BAEA T A g AdEARAY(A] 40=)o] WE =FFEIANNE 2
B AFEHAEAY /3l Ay shyelch

d2 @R A=A AMEEHE AANELZA APLMY AA23 $-FollA
8] hydrogen peroxided] ZZAIE AMg-EH= EAdoltl. E§F hydrogen cyanide®} sulfated]
Haol ol 8H = st UIWe 4HA AEo] o8I = rl.  Haley (1975)9} IARC
(1982)8] Hirof ojshd WAL o9, YA, 75 FEHEAN $FYL FUshe=
welEdeln o] AlAolM ¥ix|dle] ZE2H Z2AE o 3 dutzAEe] An
= ¥ud 4 oorh (Ferber, et al., 1976; Tsuchlya, et al., 1975: Zavon, et al,
1973).

WAL chAlgd3E X212} Salmonella typhimurium strain TA15380] Hol{AL
VEhglem, E. coli pol A A|¥2} Prophage induction A|BeIME &9 AE Ueh)
gk EZ Algau AE W AN A¥olAd DNAESS fito] R aE ATHIARC, 1982).
NTPS] B oAz WAl Salmonella AJHeld $Ae] AAE H3, CHOMEE o] &Y
APolMe Aol Al G2 F71kAde] BT $t%ic)

e itetoll A WAL Y 2182 AWEH 1945d0]F #xT]l Hz2FAo] st AT,
1960dtiofl o] F W FHE] AAWC} goiAT A VAL T2 Az a2
WAL E FTABA o] §ste] APHRE AAshs FAEC] vk Ad¢dndy A8y

A A 290 3t Az B AHgo] FAHE RAUEIE WYY 34 Fstn out

#-gNt-g(adaptive response)o|qt W2 T o] ubAlY Ei wolda HSELe] =&
¥ 52 559 5U% EdHolY & Zgr|Ho] nay Edwolde] x2H HS
Uehts B3 8224, ojo] A A= 19779 E. colio]d 7 #HAto] ¥ 7 (Samson &
Cairons, 1977)F o]z} FEAME Y MNEAMZNET AW v}l 9T (Heindorff et al.,
1987: Samson & Schwartz, 1980), 1 7]d2 53] ¢ZalA] (alkylating agent)oll thslr] u}

ol ¥#A 9lo] DNA methyltransferases} 2 ZH-gol |AE L wido| AdYo] Rad
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B} olt} (Yarosh et al., 1984).

Ikushima(1987,1989)2] R.ilof o3t WAl thymidineo] A-3¥ Chinese hamster
VM B 3% §& AR Xl ois] WolZ2E vehfolen, npde] 2-gH HEE=
Mitomycin C B} zp2jdof cfsf vj8& vehlo] AujddNads g Az A4 g
Ve gt ¥ Laval  5(1984)2  methylmethanesulfonate  (MMS)$}
N-methyl-N-nito-N-nitorosoguanidine(M\NG) 5ol 2-3-¥ M Xo|A], Samson &(1977)2 MNNG
ol 38X MEolM EdHo|fuzt AlujdAatel Merl gaste AL FHUSACE =
% AE (1992) bleomycin I cadmiumof 2]¥t CHOM|EojAMe] FH-git-g& st
mi tomycine Coll M= 3asiz] Ratgich |

g18] BaEzE AolstAl A3V LBAE FHoE nYHZE UdeE Iy
MINGE& o8¢ AumiddNatize] EddoldEZz A=y F3UFBHS BUSA
23t o= 44 QlthAnderson et al.,1980: Chung & Kim, 1992). whetr F-gurg@AS &
Tt AEe 7/, A EFo utel E o] &3k Ayl wep 2 At el
=3

olof £ ot Holdd AlEUe shudl MM FA YUY ZH CHLA R ¢
glLtetolles ol ABFE UM EF2H 4 e UdEHoln FAHo|YA benzidine
dihydrochloride& X 2|3t &ul A-gtgdgol Eajsl=xY R E Ao AAH
Zujel wetgd @ Edwoldo] thyt Fgutgo] Uy ARE FHslax} st EY g
Aol Al gol W|Rlof] chgt A-gukgd-Tol HYyy AP E HUsin of Uolrt

olE Ede Fgutgr Aol 7 9 DNA &4 Ayl Adse A% J1xF FRE

A

of

L322} st Tt



II. 25 9 by

1. g3y

£ AFolA in vitrod FMAO|FAUE A= glo] AME¥ vlF M E= Chinese

hamster lung cell (CHL AMX)o]git}.

7t MXnjed
B ool A2 CHLAIXE= 0 ujod7lollA] 10% Fetal bovine serum (GIBCO)Z} 10
ug/ml 8] penicillinz} 10 pg/mle] streptomycino] X3HE MEM vjx] (minimum essential

medium, GIBCO)oll ThEujoldle] AME-sl4ct.

U, AEFAGAAE

CHLMXE o] &3te] Qo] aAlAl8-& AA817] $I3 benzidine dihydrochlorided] &%
AR A AYEA ASexE W FHEF MsE & WEe=Es A% $isted= 0.3
mg/ml B8 2u] 224 8%tAl %9 benzidine dihydrochloride® A 2]3lic}. oluwf 2%t
AMAEE N MEELAS (pitotic index)E FAULBH MHEZFAZTHE AHEsIAC)
olmj AlEuH o g CHLAME 20,000715 60 mn®] A|Xujo¥& petri dishol] A3 347t uj
ofsle] Zb =AY benzidine dihydrochloride;"‘s:’r He|, 24417 vidy ¥ FEZG 25}
I Giemsa®M3te] BEsIACh olml MEEFASE 1000718 NEZF AXEEZFA XYY

T& A thg WELE ALitste F3tdnh

oh s=dE G0l A
£ Aol o83 AAMOIANYRYS T £(1991)8) o] 2slod AT,
olwf MEFAAAAHAN ZHY FoJs= 0.15, 0,075, 00375, 0.0187, 0.0094, 0.0047
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ng/ml2] benzidine dihydrochloride§9& 3UzZre] AujAlzl CHL AMlXEo] Az, 24 A3
iy FMAEEE 2, Giemsa AT FRF gANoldS BHEMIALL olm)
BHY HEE= F7IHE (netaphase cell)2A Z =Y 2712 FHolA 100714 Adsted

=2

gl Aol oM - gnutg

MEZFHAA AN ZEY HGe2A oFF W2 83 benzidine dihydrochloride
€ 34 YA CHLAIXE] HA He|sto] 24X wiFA L 22N HEES g AT
B2 ol& MEE PBS(phosphate buffered saline, pH 7.4) 28] AHT Che A1M T MEM
HAE Y3 HEEER FFE Hrul &2 55 FEAS HEEE 47 Tt ¥ iy
AX L Frhgste] JMAEES Y, FHAOlYE BREASATL o] WAL BE
HE ¥ Foidle EAT Aol NIEE R olEFoE Y £ Uk Mol
E4E v|I2Y 22 H benzidine dihydrochloride?} MXEA-2A-& ZHasiydcl. ol A LLx
= AEZESHAYAANEZA S SEIZTAAN BHY AZFALI AY 22 AEFAEL By
& w]9] benzidine dihydrochlorided] 22 F WAE slgitul ol= 22} 0.0094 mg/ml
4 0.0047 mg/mlojgith. E AHEF Aoyt st AXFHJAAYAN HMEX AL o

our] Aol HuksxT By 4chAlEE4Ql 0,15, 0.075, 0.0375, 0.0187 mg/ml o]<itT}.

u}. MM EEe] 2

Fojalzto] $EF QST wM ol colcemid (0.2 wg/ml, GIBCO)E 7IRE ¥ 2413 wj
gste] AESHE stalen olE MEE AA(0.075 M KC1) 22 A2| 3}l Carnoy 518 )
(methanol : acetic acid= 3:1)of 3% 133le] GMN EES PFsIdct. MMy
2 st AEIelAd A AP ZEA 27 100718 2] FIIHEW FMNe] 3=
H ol4g BABI GUAPNESE &t 2 AUDe) AYAoANESe wm

€ ol t-AF o= AAstdrt



111, Az}

L AZSNEZE 4 559 23

0.3 mg/mlFE FH] 28 8¢tAlY] H 542 benzidine dihydrochloride® # 2|5}9]& uj
ol MEZ GRS o] ZHE AEY HEZAZ2 Table 13} Fig. 13} Zth 0.3 mg/mld] %
E2 gEAE F3E dole MEXNARNE EdEA AEJ A good 50%
M EZZA A VAN benzidine dihydrochloride®] %% <F 0.05 mg/mlolld A= Yt =g
0.15 mg/ml 8] FEoiM= of 3.6%2 HEFAEES Hol FANAAHAAI) e oy g4
Ao] =Tt B3] & (Y 30%) 22 el £ dFolxE 0.15 ng/mld] £EE 22
TEE St dAACl YA EE st

EY WS oM F2 FE HAFEFS MEZFAZ0] %ol oE Vel
0.0094 mg/ml (M EFA1& 90.4%)% 0.0047 mg/ml (M ZZA-L 96.0%)2 sladct. whga)z =

EE 3 o3 3¢ =& B2F HIdch

Table 1. Mitotic Indices & Cell Proliferation Rates of CHL cells

treated various concentrations of benzidine dihydrochloride.

Conc. (mg/m} ) M. L. (%) C.P.R(%)
0.3 0.0 0.0
0.15 0.5 3.6
0.075 4.5 35.7
0.0375 8.5 67.5
0.0187 10.1 80.2
0. 0094 11.4 90.4
0. 0047 12.1 96.0
0.0 12.6 100.0
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Fig.1. Cell proliferation rate curve of CHL cells treated

with benzidine dihydrochloride



2. w Aol ] FAAo]F

Benzidine dihydrochloride® S E'HE Foislagu] gAxojate] HNx

fr

Table 2 %
Fig. 29} Zgth 0.15 mg/mle] SEoiA 33.5%(+gap), 0.075 mg/mlollA 19.0%(+gap),
0.00375 mg/miolA 8.0%(+gap) 2 ¥ ¥3e FAANo|YE Ryenm FoszFujo] ule}
AN ol NIt FItshe G4 & PS4 (dose-reponse)& T} (Fig. 2). 0.0094 X

0.0047 mg/mle] EEME 2z

(i)

2] uls} Ws QAN ANET} F7IEA ook
th U ANl Yele Ae EF JHENNSE YUY (chromatid breakictb)

o] :2¥38 (chromatid exchange: cte)®tr} ZF mkglc].

Table 2. The frequencies of chromomosome aberrations in CHL cells treated
with benzidine dihydrochloride.

Conc. (mg/ml ) pol gap ctb cte csb cse Total Total
(-g)  (+g)

0.15 1.5 6.0 15.0 13.5 0 0 28.5 33.5
0.075 0 3.0 9.5 6.5 0 0 16.0 19.0
0.0375 0 2.0 3.5 2.5 0 0 6.0 8.0
0.0187 0 1.5 1.5 1.0 0 0 2.5 4.0
0.0094 0 0 1 0.5 0 0 1.5 1.5
0. 0047 0.5 0.5 0.5 0.5 0 0 1.0 1.5
0.0 0 0.5 1.5 0.5 0 0 2.0 2.5

pol, polyploid: ctb, chromatid break: cte, chromatid exchange: csb,
chromosomal break; cse, chromosomal exchange

3. AHAo| ol M o] A-gutE

24X Mt WU % (3-3-2%)2] benzidine dihydrochlorideoll &-&A1Z1 A Eo] B}

EAL AT F 24A T Fo] AN o[ EE ZAIRH

i)

3 4

ze
W AU VUY 4 ArHTable 3, Fig 3, 4). BUY Aol Hej L4

o

- g-



Frequency of Chromosome Aberration (%)

30 +

20 +

10 |

0 ] | | | 1 1 i

0 0.0047 0.0094 0.0187 0.0375 0.075 0.15

Benzidine Dihydrochloride (mg/mil)

Fig.2. The frequency of chromosome aberration(+g) in CHL cells
treated with benzidine dihydrochloride



HAAY olgeo] BHEHIE ARt AL cifEol AMENP L B3} Ao ¥ o]l

¥ gAYl EY HEFe ez Fulo] Hldste] Fste A&

32
2
i)

& 4 olgdrh. A& =71 0.094 mg/mlol e AEF(Table 3 W Fig. 3)oflA B HS¥F

Table 3. The frequencies of chromosome aberrations in CHL cells pre-exposed
the low doses of benzidine dihydrochloride followed by high doses.

Pre- Post- Percent of Structural aberrations/100 cells

treatment treatment aberrant

(mg/ml) (mg/ml ) cells Chromatid type Chromosomal type
(+ gap) ‘ Gap

exchange breaks exchange breaks

(cte) (ctb) (cse) (csb)

0 0 5 0.5 1.0 0 0 0.5
0 0.0187 .0 1.0 1.0 0 0 1.0
0 0.0375 5.5 2.5 3.0 0 0 2.0
0 0.075 18.0 6.0 8.5 0 0 3.5
0 0.15 38.0 16.5 12.5 0 0 9.0
0. 0094 0 1.0 0 0.5 0 0 0.5
0. 0094 0.0187 1.0(2.5)% 0.5 0.5 0 0 0
0. 0094 0.0375 2.5(5.0)% 1.5 1.0 0 0 0
0. 0094 0.075 11.5(17.5)% 5.0 5.5 0 0.5 0.5
0. 0094 0.15 16.5(37.5)% 3.0 9.0 0 0.5 4.0
0.0047 0 2.5 0.5 0.5 0.5 0 1.0
0. 0047 0.0187 1.5(4.0)x 0.5 0 0 0 1.0
0. 0047 0.0375 2.5(6.5)% 0.5 1.0 0 0 1.0
0.0047 0.075 11.0(19.0)% 7.0 3.5 0 0 0.5
0. 0047 0.15 17.5(39.0)% 7.0 7.5 0 0.5 2.5

cte, chromatid exchange: ctb, chromatid break: cse, chrommosomal exchange: csb,
chromosmoal break

The number of parentheses indicate the expected frequency.
¥ The value is significantly lower than the expected (p<0.05).

- 11 -
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Fig. 3. Adaptive response to benzidine dihydrochloride
with the concentration of 0.0094 mg/ml.

® Expected—sum of chromosome aberration frequency

v Observed frequency of chromosome aberration in CHL cells
pretreated with 0.0094 mg/ml benzidine dihydrochloride.



Frequency of Chromosome Aberration (%)

40
30 b
20 -
A4
10
v
0 { i { A
0 0.0187 0.0375 0.075 0.15

Benzidine Dihydrochloride (mg/ml}

Fig. 4. Adeptive response to benzidine dihydrochloride
with the concentration of 0.0047 mg/ml

@ Expected—sum of chromosome aberration frequency

v Observed frequency of chromosome aberration in CHL cells
pretreated with 0.0047 mg /ml benzidine dihydrochloride
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WA FE7 0.15 mg/ml el FF |24 Zloha] (5ol oy Nelg ge] 2ix
T2 VEEEE DAY wfe] UE4e] 3 37.555TF WA W 16.5%5 Liehol,

W 2R Azsiggn) olu] FANol el T ¥t A Fgutgo] Yoyt
& 2o Fch W5 0.075 mg/mlofAls J|thx] 17.5%0] ¥} 11.5%, 0.00375 mg/ml
oM ZIthA] 5.0%0 4 2.5%, 0.0187 mg/mlo A= 7|thx] 2.5%00A] 1.0%2 Zbz} o Mo Al
olxe] Hguhgo] ok g ¥l Rtk H-gHE 0.0047 mg/ml(Table 3 T Fig, 4)o)4
= e ¥4e Uehiol 2o Srhe HeEE RS0 3EF whgA7 rE
T DACAN FRY APV ULS BHY 4 AL I AL T FeETol ujal
A dAel7l gie Res Ushhth Jau AU AEs ¥ AuW BemTe

[§]

— 14 —



v, 3%

Tl FEAMZA] AFLE = EEATA 1980 NIOSHOIA HAT S o &3lo] ==z
gt @EE] Uy FEAEY ol EEE A8 ZEAE Y J¥RAE FI W
A gy ARES B3y v} gtk AXW A Algle] 9lo] e2wHUE Yoy ot
P FRO FEoA Y¢S HUsts EAR ddFH oA fhrhHaley, 1975). %]

W3l olE 9RE AUEEC TN olE SES kgol WS YBF olnF}

20

vlgol UaA o] oMY tiabdEol tiyt Helddx WA ol3(Bos, et al., 1984:
Tanaka, et al., 1981), HMAWUANE AJHAY AJHolA clrAlE3A] o PEE o] &
ol AYE L ulEF CHOMZI M FAAo]JAE, AljdAa% U DNA SAE 5ol
ok oz ureyo] BuElYrt. B J3ABAI benzidine dihydrochlorided CHLA| o]
FEEE A|s IRtz ¥4 ZFT Aol Urhdul 7]&9 free benzidineo]
it Aztel 2 gitoldrh. Bxizbx] daid AASE dAdY UApPel T F
2 thAMEE N-acetylbenzidine2 2 o] BH-L #z|o] zhjojA DNA adductE B3t o]
DNA adducti= N-acetylbenzidine?] acetyl group& ¥} It} (Green, et al., 1987:
Kennelly, et al., 1984). & AJ¥o|A] benzidine dihydrochloride®] 7%t @AjAlo| i}t tf
AP BN F)R] ok Aol SUE PO EE benzidine dihydrochlide AFA|7}F 24 ol
doz HgES ¢ + AUATh

ojgjzo] Mix|glo] iyt “—Jé:‘*é A oHold g O WA it we d7A
7} glo] Wixele] Algo] Hxt FAEHI HIchMol) ATHH Helolq Algo] o]Fo]A
7ha ARt A 27HA] Ax|cle] AGHos EoH ZExE glo] WELSe] Udd 4
ke f@dol U wolA 7ta ol gz o] Bl FEEof W] i) &
< 98 8E Ze At £ nFolAMde 60000l ol Y| F-9= 3000 o] Eiin,
Z32o] AL 25000 o] ErHTanigawa, et al., 1990). -$2luizte] AL #xgio] 2 ¢

Ao Zad IZ2Ae] iyt ARE e EFEIL E feluetoids A B A Yol



g3 WAY L Az Ee Aol FAE BEE FAA Aoy WAdgUdde AT elA
AHolxle] 9long AdAd I ARRo] Mo R 3 LE|o] glo] ojEo] tiyt AL e U}
glofl vl3) ©& AA ¢ gt

22418 (adaptive response)o] @AYt HFEL Samson & Cairns(1977)0] E. colioA]
DNA-T53} Bste] AF3t7] A Zste] CHOM el TR HFRA XN 3§43 (Samson &
Schwartz, 1980)of ti¥ A7t QUglth ololA A F=e] WiMde thymidined HIRY XA
of thyt Atge] ulFolAe] 2 gukg(Oliveri et al.,1984: Wolff, 1988)o] ALH P
FE2& oAb oiyt AT} sty dnty W wMiPHEE it oE ALE
o] $thH(Burkart et al., 1989, 1990: Ikushima, 1987, 1989, Wang, et al., 1991: Wolff
et al., 1983). ol2le] AHAIUZATE UHetA(alkylating agent)2l bleomycin,
mitomycine CHoll tidt o2 AFciyo] =AW HUFAL = IF3] F2 oy F3
AR o] tht A-gut-gP ol BY ATEIE obF ol B 4 gldch..

¥ Kim 5(1992)2 mitomycin C2} bleomycinB-& o] &%t M EA-ZutgATollA Zgut
THEL SEARZAM FEFY FFo cis] FFUL A7l BAET] dfEof AR FA
A AR B R T W AEZFIle] whet I ZAprt AolsiAl vehdria sty
c}.

2 dFoM W2 5%2] benzidine dihydrochlorideo] A2 CHLAEE &2 H%o
A TS GAAl gl ML) FHY AZH LGS WHY 4 ek 53] auny Ads
EUT GAEANT Y AT Ao o3 A A2 Uridded iR
8] R & AEF7F 7)ol HeElWE A9, bleomycin} mitomycin Cofl 213t A-guhg2}
Aegabdel 2% H3g8do]l F2 @AANE Y dMAol ol BaY ZA( Kim et al.,
1992: Wang et al.,1991)2H= Afolstgdcrt. ERF G7lol Az|WaldolL} bieomycing A 2]¥t
Z¥ Zelx dFAL HREAE ol &Y Aol GMEANY Aol dNEdN S
UNEGE e PG YA Roldth bleomycinzt HawabdE FAA
olate] Ul & DNAOl FdEl= &4 DNAY of7tetach(Double Strand Break)ol )

3] gAxoldE d o731, Mitomycin C2] 79+ DNA-crosslink7l ¥Adwo] dMajolArS



gosin olF EABAY HINTLL ol MM FRUAF e FFL DNA
27|02 WAt 7129 ZA:E3} AY¥Y wl benzidine dihydrochloridet:
bleomycin®} Ae]wald W nitomycin Coi THE DNAGE7|Ao] &J3f 2-gitg& ehdrt
32 g 4 orh

B gAY CHL MXE e sgSul benzidine dihydrochlorides TthAbEA 3HA]
712 e dElolAd ZE @HAolYE Fustgon W2 Fwxo] FFAIF Hr} &2 ¥
Eo k& AFSuols Aol lojN FRY FFUSALE Vet

Salutete] ZAS WKL AR Ago] ¥ FHELEHI glo] o] EHe FEH ZEAEC

gt Bshy Hrie] wesdel tifH Qe oA 5§3) WAL $3UTE FUst

s

UGBS A o] BAL HFohe ZRAE oY §33 AEE VLU AU ZUHIY

(2]

] 279t olm HguhgdAe Uehls RUHIAHEYEE ol &5t FEHH EUFE
B AANY ZAS ANE ke o] AEZUY AU Tadtejol 3t Aol of
3 HAYIIER] JAEF tojof & Rolrh

- 17 -



A4 9 8¢

£ A7 E GYAo]FAHE o] &3 benzidine dihydrochlorideo] 2}%t CHL X2
HIUNSHLE BH3I] flste] s AEZAZE AEstn GUN oA RS AATS

1. Benzidine dihydrochlorideol &]%t MEF 24129 2t&ZA 3} 50%2] MEZA A E AL

ol

T 9} 0.05 mg/mlollA TAE|QIOW 0.15 mg/ml] HEoAE 3.6%2 AHIZTZALY Ho

SANAHEA} ol A ebyct

2. Benzidine dihydrochloride® FE=WE TS Ao HIEE gapd XY
3t 0.15 mg/mle] XA 33.5%, 0.075 mg/mloA 19.0%, 0.00375 mg/mlofA] 8. 0%,

0.0094 mg/ml ¥ 0.0047 mg/mlol A 1.5%2 oFde] AMNolale B on wxulo] wja}

2R 7k g4 e Rth BEY GuNoIY Helk Ae BT dapAges
Aoiyo] anYRTH 23 YaTh
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2441 AZAINFE tiA] ¥WIgEE 0.0187, 0.0375, 0.075 T 0.15 mg/ml 2 24A] 7} ¥1-gA|7
THS GAAlo| B E ZAIRY Az} F23 2gutgaAe #agd 4 glgct

4. Benzidine dihydrochlorided Eﬂﬂ HZHHS2 AL »E FMENYE Y FAAo] Ao
A BEE o AZNEFEE T =l nlel Wxalel: g4t 28y Fguke
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2. Chromosomal Aberrations of Welding Fume Exposed Workers.,

Seung Hee Maeng, Byung Soon Choi, Sang Hoon Byun and I1-Je Yu
Department of Toxicology, Industrial Health Research Institute,

Korea Industrial Safety Corporation,

34-4 Kusan dong, Buk gu, Inchon, 403-120, Korea

-Abstract-

Currently we studied the composition of welding fume and its clastogenic effects
on Korean welders. Individual air samples from the welding fume exposed workers were
monitored in two shipbuilding plants and one container manufacturing plant.
Chromosome aberrations (CA) were studied in the peripheral blood lymphocytes of 99
fume exposed workers.

Total fume was weighed after processing sampled filter papers in microwave oven.
Composition of metals was analyzed with an ICP (Inductive Coupling Plasma) analyzer,
and other chemicals were evaluated by spectrophotometry.

The mean durations of exposure were 12.6, 10.7 and 7.1 years in 3 plants,
respectively. The average fume concentration of plant B (5.89 mg/ma) was the highest
among them and its value was a little higher than the permissible exposure level (PEL,
5 ﬁg/mak However, the fume levels of other two plants (1.86 mg/m3 and 1,62 mg/m’,
respectively) were below the PEL. ICP analysis showed that the mean levels of Fe, Cu,
Mn, Pb, and Zn were not higher than the PEL. Cd, Ni and Cr were not detected. The
concentrations of NO2 and 03 were also negligible,

CA analysis of 99 welders showed negative incidence of CA (less than 5%) and only
one worker had inconclusive incidence of CA (from 5% to less than 10%). Most types of

observed CA were chromatid breakages and exchanges. None of chromosomal typed



aberration was observed. CA of the welding fume exposed workers showed no increase in
the frequencies of aberrant cells as compared with control groups. Smoking status and

duration of exposure had no effects on the increase of CA frequencies,
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AR A saddse OFJEA A zgol 9lo] sl wHol ARHe| mel
TS duiAzd g vRstd 2449 9 AXATY A Fold &h7|g0] o]8H Y
th A o FEe] AdgITtel 9lol &Ael BAY TE2a4E HAHY] o} 0.5%0]A 2%
ol2i 9lon ol §YIEAES vlZY UFY AIEEF o]f glon Aoz B3
H d+E BF 17d0] ol QlrkStern, 1983). AMH £H/H, HEW, z2ge] &
B, A 2 fxlol whel ez ol Tgsirls AR ol £HITEAEL 84
Zre] ZAYgA|tset oF 2-10 g/’ LHEs =l ZEE T ith (Stern, 1981: Ulfvarson,
1982).

EREel 28 ety JES &Y FFe Ay wlel tlERoy 23sy
B tiAH o2 O FHEES FAEE shA AbbUA(ND), oAb A(NG), &, o
FulE, £UF, vladse, 4, dedE, #E, eleks ¥ 2E A, Ud 9 Fol w
s ulzel JtSg, old, w4, BeRuz gog Ho gon, $uE BruL 2
E2AEE ol A §HFolM LAEE SIS43E, Jn A7 A Q wa
ol =&¥o] ¢3A Qlt} (Biggart & Rinchart, 1987: Koshi, 1979: Okuno, 1987: Stern,
1982; Stunchly & Lecuyer, 1989: Ulfvarson, 1981).

EAE it AR L Falgdol cisiAE thgdt d7Eo] IMEeq iy &
& Anda %, Jl=E W 67 A8 TUY AR FYol g FHSA Bt
= e Ea¥3 el oy (Newhaus & Murray, 1981: Stern, 1981), 2Hg 3 Z2of tf
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£hF Y 383 QYT A F WYLE o]FoAa gt M= AjHBY
B2 AL PHE o8 AEREF FdE3 YdFHAY ATE I FE 2EUE
2 2Y R Fo]| U FEAY W Holdy HEolL, FHAE B F2HE IEAE
of thdt ¥zt W MERIH BUE A A2 g7t 2221 A3} =24
Ao}, AfEMN IR njdEe] HolddAIH(Ames AH)E o]&Y 442 BT}
9lgltHDe Meo et al., 1984: IARC, 1990: Knudsen, et al., 1992: Koshi, et al., 1984).

S0l UREE FAELS &3 37 W Yo met thES Atk &3 AL
dutdog £2gje] F&ol38H (MMA, manual metal arc), #HYPLR EHY7IAE o€
sh= €3 (MIG, metal inert gas)o2 IA s don, AME3te F<4%, o259 83
o] wel 2 £FHE i EFYU £ o Adga AW, HAR, A7, FHZFY AR
whap TEY 4 ot ojo] tiyt o 24 MMA-SS(manual meta arc-stainless steel),
MIG-SS(manual inert gas-stainless steel), MA-MS(manual wmetal arc-mild steel),
MIG-MS(manual inert gas-mild steel), MMA-CI(manual metal arc-casting iron)5o8 27
& 4 lch,

A2 MMA-SSoll A W8 E]l= Foll Tyt 27} wWol o] folA gled MA-SSo] F2 5
EAHAN ZY 588 #3 yeHEloty FEMZAA HolddE 2t Zlog Mo gl
th.  Etienne & (1986)% CHOMIEE ©|&¥ A|EFf AJHollA MMA-SS Fo| Atnfg M 2%
& Aoy Bo] FYANF AT AupTolA s xujdUMnBI} dMol e Z1E
THtx] Rt Eastolct. ¥ £HF F2I2ARE oy A7 2 At chedst
did ol ZEAIEoA FMAolaIEe] ZJ} (Bigaliev, et al., 1977: Elias et
al.1989: Knudsen et al., 1992; Koshi et al., 1984: Sarto et al., 1982)2} xjujd2ixz
N E2] 7} ( Koshi, et al., 1984 Sarto et al., 1982; Stella et al., 1982)oll cth¥t
B37 Q& A olE ABoA o® Frix {AsIx] B B3 (Elias et al., 1991:

Husgafvel-Pursianinen, et al., 1982: Littorin et al., 1983)% <4t}
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A (genome) ] Y wHNS F2AF7} dedole] HEEF7IS ST UTistod
(ICPEMC, 1988) <Ml £4& ZHsH: AZHAdS E‘J—l*‘ﬁ"—&% HAERY] F2ARE
Ge g AFEo rh. MERALY BUBYo] AMEHE 4B AEE 27
8. DNAS| 5, A F2 Rl WG AWt AMgsia Atk ol
¥ AEFY A3 HE AN o8 ebdstFol %oy (Aitio, et al., 1988:

Yxste 4
3

adduct 2]

Berlin et al., 1984; ICPEMC,61988: Leonard et al., 1987). o|&% 7} &3] Al&EH= 2
o] @A o] iyt Algugolrh.

olstol B Fol iyt FYF/s AANLE RES| o|Folx 23 9oy} Layte}
o 75 &3S = AdAE tﬂ*o‘ii ¥ B7hes AL o]FoiA A ¢ H¥Hojr)

olo] & dFoME feluetad AdFor F2Y 4 o= AFN ¥ 2o
zHgoll iyt 33 FYFHE A=shr] slste] AuAlzy 27i4 9 Eeloly A3z 1)

42 $HE FE2I2AE Yo H BARUHIYE B3 LAEUL 334 © Rt
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Ak Azt A 2M4e) SOl A AdA 1AL S LS
Po2H BAFo FEeEe TEAEA FUIHoE g HEIAY, YAIRAE st A
i dlo]ALEAEE ALY 111FE e sidch dz2F2 HPHeE EHE
Z39 Fo] gle AR 22 208& HAFslE §HE F=2ol o3l uelst EE 19
stalrh. X8 22 19949 7€ Fol AAstded BFEUHZTE 213 AR g4
Aol A S 2T AMAE T2 il i3l &2 drtoll A

Fdsw, SEEE, WAZAL dlolEa AR W IRFH iyt FRE HEA

7t AR 23
SR iy BERUHYIE Hstoles /A 71422021 7] (personal air sampler,

MSA Flow-Lite™) & AMgstd=dl 4% BAEY (total fume)Z} FZHL EMEL 93l

0!

A& cellulose ester membrane filterol} ¢t 1.5-2.0 L/min®] RS2 &FFE 235t
tlh. fsirtaE AAZAPY] Pe= 0.4-1.0 L/@inz] faog A% UdnAG ARl
E3stdct

E3EF F2IEAE U GYAO|MAEE ¢l 22AEY wxEAYsE
ol-gstdenl ol& st oidITEAY ALY UXHENAE heparing H¥
vacutainer(Becton-Dickinson)oll 23 ¥ thy A22] WUsjg7r|o] RAsty Faduiz HEA

Sutstol Auujte AMS=E shalch



L. A2 24

EHEZ AR AFRAE Ao Ao FHEUY 342 A8 AN
& vl23 BA 317] $131 microwave oven (CEM MDS-81D)& o] &35le] AAz|sta =A%
&2t} (ICP, Inductive Coupling Plasma, IRIS) ¥A4{7]& o]&3le] ZAslgon ojuf &
HE F342 Fe, Cu, Mn, Cd, Ni, Cr W Znolgith. E{ 2FUMAZ TAY Feirtrt

UV-spectrophotometer (Beckman, DU 650)& o]-&3to &A3larc).
th &AE FEZZ Al tiy AN R

2EAEY ZZolN AUY YALIPL Vernas Babu (1992)¢] Wio] we A uj
stodct. L-glutamineZ} 10% fetal bovine serum (GIBCO), 2% phytohemagglutinin (PHA-M,
GIBCO), penicillin (100 unit/ml), streptomycin (100 ug/ml)S Y-2 RPMI 1640 (GIBCO) off
HSEHE SIS T2ALE 3dle] 5% BEE AV FFEE 37T ujedy)
(NUAIRE)ol| A wlie}stoict. MlZ47 3A]2+3e] colcemid(0.1 ug/ml,GIBCO)E H7bstelst, 4

73 g up= 0.075M2] KCl A2 olo] 3087t Aalstdcrt. GANTEELS A A5 A

G

H]3} Carnoy 1B (methanol:acetic acid=3:1)¢] 33] TAZE ZLajol= Talio] A A sl
F71AZAZ The Giemsaofoll dMste] zgstgich  @Ajajola2 EEojr} 10078 %)

M E(metaphase cell)& FUPu|Z o8 Waslo EA314c)



111, 3z

1. cfd2=pe] duts

E a3z o]l B Mtz AkgdA 2784 @ Feojy ARG A 1714 (A,B,C)ollA
£4F0] FIEHE AL £ 24zt 158, 498, 47828 1 F 70% olgol FaA
grl (Table 1). ©1&Y FFAF-S AtgdAuict 2zt 45,44, 36.34], 35 54920 AN
T2 39.1401%ct. §HFol tiyt FIFEITL AdA ZEAOIA 12.6d2 2 71F
223 B L C AdA 2EAEL 747} 10,79, 7.1doldch. EX £ A3 tiye] H
Aol AR 0 TFAE AHRSIE AZ(mild steel) ol&3he £EPL F& ot

(manual metal arc, MMA-MS)-€3-& AlA|staL Q&= Folgr].

Table 1. Data pertinent to the individuals of 3 plants studied

Plant N No. ofs Age Duration of Species of
smokers (years) exposure fumes
(%) (years)
A 15 12(80) 45.4+5.1 12.6+3.5 mild steel
B 49 36(73) 36.3+4.6 10.7+3.5 mild steel
C 47 35(74) 35.5+5,2 7.1+3.2 mild steel

Values are presented as means + SD
% Number of smokers includes daily smokers and persons having stopped

smoking less than 1 year prior to sampling

2. B3ES BHEH7

2 A7 AAtdFe] HEY] BIE S (total fume)= AAIG Aol 18.6 mg/m’, BAMY
#o] 5.89 mg/m’, C AtgAro] 1.62 mg/n’E BAIGAo] 7} woton 5 €| (PEL) 5 mg/m’%.

Tt &4 w2 Zo2 UEiKTE (Table 2). 4" 7FAQl NO2t 0:8] =& zH7} 0.02
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ppz, 0.01 ppm % 0.01 ppn TE2E 7]EARL} WA PEE FE2H, IPE o4 &
HENY 24 Fe, Cu, Mn, Ni, Zn3} Cro] EMEglont Axldge] YR Ao g%
22 oA Fest Mn2] 55 (Fe, 5.17 mg/m’, Mn, 2.28 mg/m’)7}, CAIRS] f3FA g 2
Zxloll A Fes} Cu?l %(Fe, 5.6lmg/m’, Cu, 0.12mg/w’)7} HEXHCT} i USSP 1 =

TEEE ZIEAET} W2 Zlojglrh. EX Cd, Ni, rZ £ AYoldL AEHA ggcth

Table 2. Data of environmental monitoring for welding fume

Plant Total gases(ppm) metalds(mg/m’)
fume3
(mg/m") NO2 03 Fe Cu Mn cd Ni Ct In
A 1.86 0.02 0.01 2.50 001 0.8 ND ND ND 0.68
B 5.89 0.01 0.01 0.65 0.01 0.11 ND ND ND 0.08
C 1.62 0.01 0.01 3.26 0.05 0.53 ND ND ND 0.53

Values are presented as geometric means.
ND, Not detected

3. $HE H2IzA) Aol

£ ATl ARzt H ZEAE Aol T 2ol et 993l iyt
atxyolelnlpe] gaAol NIz B AIM= Table 32} ottt zF Aldahd & o] Abe)
Bl Zhzh 0.71%, 0.91%, 1.02%2 A3 Zto] |23t xlol7} ¢lolxa, oiRrF (0.95%)=}

|2t gulol= Faxel glo] F2AZ Aol7t Gigict. JHH dAolde] Fele o

59

AP AdE F3] &4 BUHGA oL GHEAY Y AT Y a¥o] tjF-Eoldrt.
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Table 3. The frequency (%) chromosome aberrations in peripheral lymphocytes of welding
fume exposed workers and control group

plant N pol gap ctb cte csb cse total
-8 8
A 14 0 0.07 0.29 0.36 0 0 0.64 0.71
B 4 005 0.2 043 0.3 002 0 0.68 0.91
C 41 0 0.32 0.44 0.22 0 0 0.68 1.02
Control 20 0.1 0.35 0.55 0.10 0 0 0.65 0.95
pol: polyploid, ctb, chromatid break, cte: chromatid exchange, csb: chromosome break,

cse: chromosome exchange, g: gap

Fdol 93 Aol PNES] ol FAGFE WA FAb} FAE YA 19
ol3IALE FAAE dto] FEstel Loksy Table 49 Uth AAMH LT H|FAAIeY WA
sl FAxtolA FAMo|IESTL ot wAl Holu BAMLE Kot dyen, oz
ol wlslME A& zlolrt ¢lalch

Table 4. The frequency (%) of chromsome aberrations in smoking and non-smoking welders and

control group
All Smokers Non-smokers
N CA N CA N CA
Control 20 0.68 10 0.70 10 0.66
Total welders 99 0.1 75 0.74 24 0.63
plant A 14 0.64 11 0.82 3 0.00
plant B 44 0.7 2 0.78 12 0.67
plant C 41 0.68 2 0.66 9 0.78

N, Number of individuals
CA: % of chromosomal aberrations, gaps excluded




TH7I o] AT FHACI YU Aol TFUF 109g /1FLE ot Table 53 3¢
STh ZEARE] o 46%71 10d0]4 S Fol F2H LEAGE RIS 10dolatd 2&
e} @AMl BB INET} 10do]3te] Teate) Ern} 23 2% o TAFes

Felstx] epeleh.

Table 5. The effect of exposure duration on the chromosome aberration frequency

Duration Plant A Plant B Plant C All
(years) '
10> N 11 27 8 46
CA(%) 0.73 0.78 0.63 0.73
10< N 3 17 33 53
CA(%) 0.33 0.71 0.70 0.69

N: number of welders, CA: chromosome aberration frequency



IV, 2%

AHAZG T AtdEokollA 2pF elke &Fo st UiEHE HEF Uy &
AT E chgstA olFojA Yrh. 53 SHIZEAIAAN M UAlREo] Erhe J¥zA}
(Peto, 1986: Sjogren, 1980, 1985: Stern, 1983)¢} U7l =EtFo|7 A7t ZEAH gl
o] §HEL UYL »g=rh= Bt 9lo] 2 IARC (International Agency for Research
on Cancer, 1990)= &3FA] UH = F 714 E group 289 Ud7Hede AR ER/std
th 32 o] £/E €3 FFE 2R 42 Zojdrh

SHEY RAFE] Y AF EW YA ol FoA it LHES AT A8y
HoZ HI7IRE Zo oh3lM AsiRd e elotols HolHdE ZH=tHe B3 (Hedenstedt
et al., 1977: Maxild et al., 1978)& u|R3loq vlGM oA AmjEAN2H L Ao
%Jo] A g om (Baker et al., 1986: Koshi, 1979: Reuzel et al., 1986), Chinese
hamster A|3ofx HGPRT HE@Ho| E¥ TAE vl Qlt} (Reuzel, et al., 1986). i}

olgiyt ¥de AAUE R FAUES BF7 2des AHE AMgIE SFolM wAHE

Y GHIEAES IR ¥ RASEEIIE iAoz o]Fojx] YUt} Knudsen
T (1992)2 9L AW SHFo AgYos H2ge 222 oz #4Z=8 &
B3t ZRAES MERAHCE BUHY AT 2xds 2W £370) F2HY
& ol FAAo]SNETt FII8ta, AufEMN I B E et vl A DNARM(UDS) 2 24
Bolth R Littorin & (1983)2 84 BAHE 2T Fole) 71%ql F27) Yoy
oM MEFAAA LS F2 BYS S B3 A v} ok 0|52 o] Azjo] tis) €3
Fol UzbollA Holdlge] it ¥ 4 Qlthe FMedat ¥l EEA0 Sojd o wEa
MoldEdol 323 HAEA| Astg THeAdat, Hold Bdo] ciAgAs =A goe 7}
8 W ATl 3] AFH T EWo] AAHUL 7Hs4S AAstdT  olaizre] A
7t HE ol RIEL thiE SAE FFHAY Aol & AU £HYA] ARSI
=42 Apole] ogicta & 4 ot
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Stern & (1988)2 &A&FI I F442o te Aldau S4AHAN & FFo] o
gt F4E& FEste] MEstAct ol Eiof o3t MA/SSELS dutEAd) A /A%
d& Z3, MIG/SSEZ FE3] ¥=7F ¥& 7o fAFEE zedx sgcoh =y
MIG/MS W MA/MSE2 o}F &2 w0l A2&gol cidt Al@g(ol: BHK, SHE CHO)ollA
54€ Boli Fulo] 71882 Mno] EAYU] E. colid o] &Y AT FAFHS U
ehdcta 2 astgct

E3 De Raat} Baker (1988)2 &3 &F¥S ZF/71 thdyt &P UAsk= $3F
of IR AFRIGN MU-SS% MIG-SSS) BAEE RAFYE e, olmf wir-Sse) ol
MIG-SS9] FXECTH HY 7 RAEFEE Zhetia stgct. tuolsl MMA-CISH MA-MS EFE &
VHH4EEE PRSI A3 FEKEY FEL MA-MS, MIG-SS I MA-CIZ} Zgicta stgd
th AEX o2 AfENALHE dodlE A MA/SSEHFl 718 3t en, MIG/MSE
AES AN LR FUAIIA detha stdch

Stern & (1982)2 1.8 BIolAd &FFo] ¥ Yelolol N Holdg S Frle
7H83 8 A EY EXNUELE HF31 2™ De Raat®} BakerE& (1988)% MMA-SS2| Fo| =}
Tl MA T B3 HoldAE S UrhiE ZAxE JHEAS] FAFol AT AU HAstAch
ol EI MA-CIS] {33 F&2 Fuie Yade] ouirtn stgden ol& w74 U
ALYEol FAFHE U ANY Lol HEHYL Yalo] Bk 7129 AH(Venitt,
1986; Sen & Costa, 1986)2} #3E &= Zio]ar}. Reutzl E(1986)% HA] A®lgA A% &
FEA Fi=s Hold 4 UUEd S F2 Crt Niof &j3icta gt

2 A7 Aol o3t dFuidel =AW fevet §PEF FRIEANE UM £3
Fol A% KA Jye P WA Rk £ A7 L FES C7lAE of
B3 ABEHMIG-MS)olglrh o] AZF-EHoNM WA FS ICPRAVIZE BHY A3 Cr
oluf NiFe T34 AHEA Yot E Mn2 njgfeo g H&Fo[Fr) o Z3}: De Raat
2} Baker(1988)2] R i1oxe} o] AZFEHEFMIG-M)oS] F2 MERFANAQ ko]
ok ¥ 4 SZ3 &HEF] Holdu g dA TUY I Folut Ul FEe Yyith= 7]
&2 AE a3 8 £3 Qch
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T2t ths] MERAYA AQPEE ol &3l BUE Yk A2 FEFHE A8 E
o) uglole] flEHE /M Foy FF=17 © 4 ok o] BUHY WPo] /A&
HEA 9 UUEA7A Ys d £ ggul E3] K¥H BYsIYolgtix rHKnudsent
Sorsa, 1993). o] #33 EUEI PPl 2ol RAY AFE EANEYY dEzt ¥
ME, G5l DNA Y R332t tiuvotrt o 22 £FolA H 2ol Theste] UdAE

olAe] BB NS Zulo] YA d 4 YA UoEAN AEUNH RUHIAREA 7
ZEE o o 3 orh

B dFold A3 Aol dAEE e ABAY AERAYY AR shieta ¥
ol IAYe] AAME efHFe] HI Adte] HiY ZUEHIA T3] AEH &
th 3y A2 DNAERZA] AlZuvo] 4] DNTEE S B3 4 d3s o] F2H
= A% DNAFE|Lo] 2j3f H-guhgo] dojytth= B IE (Anderson, et al., 1980:
Ikushima, 1989)0] glom &3] ¥ 2-gutg2 dMAo|dels F2 A= oz rt
wteld  ZEAE o @MNolgAHelY AN BAH A HEE
o2 Ayt £ gt FEES Lystejo ¥rh uwety & A7 o] HAH &
HAEol i ©hes] F49 B2 ZEAE Zlo] ozt o|F A¥oldell adductF/g =}
UDSE2 2+ DNAY] Z7|H3}E AW £ e oete AE{ANEPELE th] A ES
olo} & Zo® ALEHTE olge FUHHLE & A7 A E ololA el &3
Azt BAE AHgsted £ Wk Qe T2t tiyt Bt Alggolol & Flolct
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< dFolMe felvetedM APHe=s %ﬁ%ﬂl F29 Z2=pge] oisl B7tshs] ¢
stod At Az AR 27t EelolY A AldA 17448 &AZTER 111EE e
sto] ¢H BREUHP S B3 & #Ash= 325 U FUIASS E4sla guA o)
BAEE B ol ZEALES iyt AERAYY BUEAE A A oL gL 2
s dHdrh

L2 d7cige]l 8 f2iuzt $3224 11170 F28 §PFL 0, 712E Agshe

A7}2] o}3-&H(MIG-MS,Manual Inert Gas- Mild Steel)A] WAsl= &3 Fo|Ar}.

3. £3&(Total fume)®] HFSEL B AldAo] 589 mg/m’ O E 713 Hotg o] 3%
X|(PEL)H T} ozt &alth A Al 9 C AgAe] £3%Y S5 717 1.86 ng/n’

9 1,62 ng/m’o) it}

4. =AY EZe}=ul(ICP, Inductive Coupling Plasma, ICP)EAM7|E EAM¥ £3Fe] =

=42 Fe, Cu, Mn, Pb, Cd, Ni W Cr22 AAIIRS] T3] ¥ ZEAAM Fes} Mn

8 F=7t JIEAE} wolou 28 RE ZEAlME & olsteld e od, Ni
gl Crd ZHEER Yotl. E3F U-spectrophotometer® A3 N0 ¥ 03 & HEL
oF yojrt.

5. chgTRAl 11183 GaAel RNl shestadd 995el B2WY Unte Aol
BAEAN, 23 aastdanl g PEY H2ol e Mol g
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