F2HY : S0H0| RS, XAIUAS 4, 2EH A
SoHA A7 34 £ F Edulo]
T ALFAA W LB
2 2 o
I.M 2 £ oo flale) & 4 Y& AHI A F S ¢
4 Uk
Lo ey S S ojo} & A2 b3z 55 Al FUAELE HF
e Y5 SelAlE TARAE 5 Qe 53] 2
%‘-%“ﬂi«] FAE A8k getA o Fe Y=t Eol d3ta A= dAAE neds) v FokAE 3
8 & AT dE FA oA dYAE FaE T S Yz AFA FdAle] 55
kg HaEd o 1334 ol ﬂ“ﬂ]ap. = ol 357, 5|3, A 59 o2 A2 E Fa Al
AAL9 A 25 :r"-v—o}zl Zsla F2 ALeA & Zo]7}A = oj(deWerk et al., 1983 ; Hirst et al., 1984
A3l YE ALE 233 oy £FoA & %-% ; Kleinberg & Quinn, 1981 ; McDevitt et al., 1993),
z#l3lo] galAlol o & DNA £4}, s oA 3}el 9 il oF-g Fuldte AlEEY A&Hq dekA| k2o
g fJAzE A A A ] 3, ATA FFAze] B3 5 oAl Q& Fau 9&E Jehil Fo 3ok (Hem-
T zAlde] FgAE Aawn Yo AAFo A F4 G minki et al.,, 1985 ; Selevan et al., 1985 ; Sotaniemi
€ dodle Yooz AAE 2 g (McEvoy, 1991 ; etal., 1983).
Mosby, 1983 ; Tenenbaum, 1989). A5 FF8E Aol Bl3lod 2|9l A ]l A ol 4

oldd o] f-2 s FUAE FF 2 yYoz A
ok ot Aol Al FA WE ) o wtg ot So) 23
Ao g g Acts ¥ a7}t 9l ow(Bergsagel et al.,
1979 ; Chabner, 1977 ; Kaldor & Day, 1985 ; Lerner
et al, 1977 : Reimer et al.,, 1977 : Rosner et al.,
1976), 2% SEAY S &3t kAol 97 G
o] Aglx oz Fsln 9rt(lkegami et al., 1968

Nau et al., 1982 ; Rustica & Shubik, 1973 ;: Schméahl
& Habs, 1978 ; Sternberg et al., 1972 : Weisburger

et al,, 1975). wehs Aol AL e x &= A
tEEEE19959 1249 A EeiEm habeky =) e okl
# AR A LN L EA} Bas
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AE&o 2 Ay 913 Falck $(1979) 9] ¥.i0)3 &<}
Al xZol g A7} gel #A=%eh. Anderson

(1982), Caudell 5-(1988) = Thringer 5-(1991) &] A&
oA & okl HFAle Lol Eddie] friksE
A 4 Qs ey o E AFAES F4A AT
ZHe] aulollA frol3t Eodule] Fibs-& BAskr 23
7, t2E AL & ol & WA s A 23S wast
AR ak FekAl HFoz Qg qlale faldel dd 75
A& ) Al 5k & 9 2kcHGibson et al., 1984 ; Sorsa et
al., 1988 ; Staiano et al., 1981 ; Venitt et al., 1984).
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A7 2ok 2] Crudi(1980) &
BIAEL 3&%“*]% ) 3 (admixing) 3} 3 Fo3 & Fo)

kol 44 A 5 2SI BF 2 FAGe
4 $48Y QA A% 398 T2t

.o grotA A

i3
ax
Lo
£
_’
.{

;
o
Lo
P
)
=
o
do oot
Jm
ik
[fr)l‘
i
N
oL T
X

vt ii"‘?li gle] s el ghokAl
3] getAlel] &Aool 3
Al olw, ol 2 Q1] 7 A = AAA
2 2aE AL glgel s &7t o] fofoll i@
AT A8 ol Fol A Al g2 U= AA ol

ololl & A&+ Salmonella typhimurium 571 &
Awl o] §-4+EA (mutagen)oll o] EdHo]E Qo7
His™7} Hist 2 23 3t=x9] A4S B oJ2] 742 &
A A o] wrot-2-A (carcinogen)-Z A sl A4 A3
& ubel o] Ames test& o] £3to] dalAlo] 239 3%
Aol Al getAlZL Aol F4-5] =R E &l 4
3t Aol Eoule] S-S Al gelA)
5 HAFA AR LSS AGFAAE 24,
b & AF Tz AP He B2 ot

7] 915t SAHETE Adsted 2 2EHAAEE
=43t A getAloll =28 AL AAE - AAA
2 A& AdA Ade AAAF) T ololl g B
ZAg2 AFstaA o] AFE st

4

mI

o°"

QL‘
:L

o &

2. AT E2H|

2 AT EAE che 2ok

D @A A3 2aAke) 2elA ) Bdulo] Fu
e 2Tl wlE zho| 7} Y=Y

2) A AS &1*}91 AA A A4FA 73E o
z79 Ay kel 7t Yeh?

3) A HF A3 A BE AEH A S£FL 0
Ax9l71?

3. 8019 Ho

1) Eaiwlo] §ut(Mutagenicity)
Fdulo] fuslol o8] FAA Fainlol§ Ao

t 5Hond & AFelAL FabAlel 229 254

o Aol F4d FLAVE HAAAE AR F 4ol
AZ3 RalAql kol E2 2 Ames test 2 73}
# 2wl | (minimal plate)ell ebd AP FF 9] At
(colony) & ¢&+th.

2) z72+Z A (Physical symptom)
| FHhA oz A7she Ao 24 2 dTolA

£ B AEC] AtA HFA FdA A Bo] Ao A

FEaNE QoA HAYsA HE AANH FAS Tt

Helo

3) ~E 8| A(Stress)

Aelel g5 &el Lg FAV nAA s
& B9 252 7Y (Wilson & Kneisl, 1992) &
24 oAbl & A A FF Bz A Al
A LEd L 2A 570 g 2AH A45 3l

sotr| o] XL ET2t AHE SEXH| RS

—_

dAA AHE3n e tin
ABE A2 35AHoR Ze Assd 7 2 (bio-
chemical pathway)ell 2t-8-3led Al 2.9} A AHA £ 9]
A 7F dojua] oA WstA A A e 4] DNA7E A 4
7158 8L 4 gA doh 2 A3 AL E FolA,
Az §A AL WA A2 Holg 7k 7]
% §a, = o & A 2E A3 = gk (McEvoy,
1991 ; Mosby, 1983 ; Tenenbaum, 1989).

ol 8] &l gotal| o] ukok-§-ukAl (carcinogenicity)oll o
g =EAlg ATl 4 Schmihl®} Habs(1978)& FH ol
oAl S A7 FoAd A AlA, B, W3l Fokel
wrekgl.e fAstgls, Weisburger 5(1975)2 #HF 4
%, Ikegami$-(1968) & i‘/' 98} &Fo], Sternberg
5(1972) 2 AZ %S 2 adle 5 29 of 5 AR A 5ol
A gotbAle) wietA ol Aig Aol BAs gk (Nau et
al., 1982 ; Rustica & Shubik, 1973).

99} 72 - EA put ol g} Algdol| Al A 2] hetA|
o)) &gt watri Aol gk A+ % A8 =ik Chabner
(1977) & adriamycin-g = o)], Vincristine2 224174,
platinum> methotrexatex Al & o4l specific tox-
icity7} &=l 9t 3lgdem, Reimer $(1977)-2
£48AE e g A A4S & 734 F& o
2 FAvIdais Wadedo] A

to
=
[<]

3, Bergsagel
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(1979)-2 FA & o], Kaldors(1985)& &+ 23
TA M o] 234 o 2 b st et gl
A Aol A = hotAlE b &hatol Al Ko 3t7] 93t 7
Z AR ofabr} Bt E FolshE ot ampled 9 A
v}, efdd (vial) ol T/‘Vl § dolA i = wAb(expel-
hng)E}h ghabAl o] od F-4 (aerosol) # FAHE7] A A
FAL7o A B 715 14]71 e ol A dhatAl o] Ay
&5 v, m3F 28 7] ol ul of FollA "%‘%‘Zﬂ
o] Q4 R0l 71 F ez V|87 et

deWerk 5(1983)-& of#] 7}#] A& 3l 3
1A=} Qe FulA e Fo)dA detA RS xa

st9den, Kleinberg Quinn(1981)£ horizontal
laminar flow hoodW ol A gotA] A BE 2A 8l 715
A7} °-F—°‘ FAFse T4 TEVIE T8 AAle F945)
AL AA sk ek

H1rst(1984) = A ¥ Zol| A 3etA (cyclophospham-
ide) 8- ¥ ol vL2 F & AT A FFA 4
2& AEegR, 23 AaAE daez A HF
A7t HFEEE 71EShdq g A4 Ad
chromatographic peak o] ¢F # 3 F o vtelr} 3HakA|

erl

o AuFaE FPstgch
Aol F48 FLAE Ao 2 ygAl 2ol F3 o)
=)o, 2 ushEA o] A543 4 A (essential prop-

&

2
erty) o] Eewlo] §45% 7hx 2 9h7] wh ol A ]
oA HARAE ANT sHoz Side] TS
1At A EA L vl A SHA| "otz 519 e Ames, 1979
; Balbinder et al., 1981 : Mouridson et al., 1976 ;
Yamasaki & Ames, 1977),

R Eadel FuEe Edd =
DNASg} uk&-3h BAlol 37159 4 AFA L M3
Al 7= 71" ofsl fAR 7L Edd o)

Hog, kA AJB[AC Eobn g#A QUct
(Ames & Maron, 1983).
grorAl #HFAe Ed¥ o] {Fksol oig biological

momtormg method & Agez A &3 Falk ¥

(1979)-& A3 73 E.Coli WP2uvr A9} TA 1002 ] &
slod Al HF 2AEAY] AHE PAsl B4
Ho| fFisg Ao A A HotA FHF

AAFroll el F=o1 & F2]A shoich

Anderson 5(1982)-& ZxtlodFoll 4 mutagenic ac-
tivitye] 283} =247k e] AAAS LB ver-
tical laminar — flow hoodofj <} #1}-& &3} & obA]
E AT Aol Al £ F Eddlolst A=A o

H{7 5 ehs] 2] A26 Al4%

wlo

Arta ste] oA HF
*a‘ /‘] "]’ °]’ME}'.

Caudell 5(1988) ¢] 4 # ol A = mutagenic ratio7} 2
ojAlo 2 1}gkon] Benhamou 5-(1986)-& TA 98T F
oAl A AgFo] HrTol vsle] FodtA 2 £MF
Edwol fubs& vebalet

2elv} Sorsa 5(1988) At AYTH d=E
9] zto] 7} g1l e, Thiringer 5-(1991)-& A& Fol o
73 gl f-ih5 ol oA wgkovt -t
T A= B A E%

Newman £-(1994) & o+& 9172} g2] spot (untim-
ed) urinee 2 gotAlol 235 APF3 HAzTFe £
W Eddle] fL5E A 2 A SRS &
213 zo) 7} glgl el olof thdled kAl (cyclophos-
phamide) ¢} g&#&h#2 (pharmacokinetics) 2 ol 4] spot
urineo] A gatdE Aol sl o 74L& 7HA et

ol 4ol AP AT LA APAFAE ] AR 5HA ¢
of A el o —8—5?“ ] o8] 7Hx] AYHFFE A

£3te] Ed o] ks Mol g aHA H ot

EduelF (mutants) ol &3le] Fiwlo| FE
él(mutagen)% AAs e o d Amesot Maron
(1983)ll ]38 A5l salmonella mammalian — mic-
rosomal testql Ames test+= Eadwio] 5l A

+ AF A E AN o2 A AL 7 A A o] of A
‘éal o] &5 2 glrt.

P Aol A BredAlE —’H%%}l“: ZEEAEL FotAl 7l o
# B2s F8 odAlo] F44 sh5Adol ot olol 2
AT 4= Edulol -f’r“;‘%él olgtz ®uH Fd
(Yamasaki & Ames, 1977), 43¢ 9 A9 (Ames,
1983 ; Sugimura & Sato, 1983 ; Sugimura, 1983), &
A Al (Hoover, 1981), siz)d A4 o wkAlAd =% (Ames,
1977 : McCann, 1975) 5-& EA% &, 34 A5 7
3Abe] 24417k 2 -& XAD—2 resinel| —‘a’—%—%}l, z+7)

£ Eoidio| & 21 9l TA98, TAL00, TA1535%}
TA1537 5§ ol &3le] Eqle] 75 A4 L 3l
gotAlol 225 A ¢& dz2FH vladld EA}
ot #H A gdAZE LAl FdH A E A
2t gk,

A% S Ade) He g

2. S| HSXte| MAH XS AE A

REAE] BAE HFE o AY IR FEol
AxAol % BF7E FYA FA| J2ol AR
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A2E7AE doA A4FA4E =7A "t o] % =
2 A 22 A Crudi(1980) = A A datAlE A
Feroza tEAEe] FUAE ToE o A
ARZA4L BAHRGch 2 AF 7 E R 5, "5,
24, 5%, udgHd}g Al A HYstded,
o2 FE %ol AP AA4FAL ML AR =
Abs) £ A3, wRe F) ey W )0 e,
B, oA s S48 Ga, S e el & AF,
Zoll 7tel €3¢ A YA dt3ct mg k5ol A
A 5] 3o) ot ) 9 3e] o) Yoirha hodom,
Al (bleomycin) 7} Eeigle P& ¥4+ A€ &
7+ 2] ) xH(sensation particles) >} 2.2 738A F4
(rushing up) £-& =7 ¢tz sigich wut ol 7k3
ARG AE =A 2 A3 5% o) Ag )1 AEE °—F
7k o] £ ggkckn diglon, o 54 dAE
P4 27 2L 24 (flu—like syndrome) S 4 ¥ 01-
Aehx s,

=3 Ladik 5(1981) 2 I}A & A F3le A =S
ez zabs] 2 A oAl AFA sk £ 5
A7 F, A E2E S4skdA AAlEel AE B4
S A7siA Azbss gdAlel] A Ho g s
Rell A&l Fesigdcta dgctz wastgdor 22y
Crudit ol2id F49] o8& sLoM HFAll A=
A Holglet $EL AgAclgicka ek,
FAEC] dAIF ol E A&A I—E— Zroll etAl A5

e

mieheh AE ol @ AREA4L B BBAEL F
AE AFehe Aol Aatod Aol A AHL A &
Ed A% wA e

Pl s SQddol 5 AYY ATAEL AT
Ahol BAglel, AL A B WAt A HA
ARE sl Fulshe o aal ol £x] 2ol wabA 43
o] alAloh §-3 o}m AR 53 oA AFAE

FAFA #e Folg stejop &}(Harrison, 1981 ;
Hoffman, 1980 ; Zlmmerman 1981) & st A o, &gt
AL ATz TS0l ARSI 2R A A
Zhg Aol A ATt nn® AL v S L))

=
R

b

1. AHENHO R

or
U\l

14

1) £¥ <43 (urine collection)

JA 27 4 S Ao} b Foll M 253 gt

AT AFoHe U DEAE AYFo2 Shn RL
M4l RAlstol 2Rk 1299 AEAE H2FoR

AYTH N 2F BF Edle] FUEHE ¥ axgl
Avk 4ol Bl &, dAA B dEELS 5
£ ARE Aol A Al st el ohel £ £
717 FA AP ATl gE-F o]A F4, FAA o
44, oledA, e Z, d2e Y ANYA 5
o] w45 B A3k

AT 32¢ 543 37172 hoodr} AA =
o] Qx| 9% FuldoA A2 wprz, - S Al
REATE ALHA G2 FAE iy o FAE
v stn, W 255 4" o 59 THE AEAY
594 9 24417k "“fﬁ—' A%t Agseh AYE
F3ALE) 5U 7 A F3 FAAS Sl HE 358 A
o v} 1 FF+=etoposid(VP ~16) 5 167HA Qet,

et AYTH 2L g4HEE 4 H5F AR

EAY F 24407 £92 2o}t Aol Agelgich

2) A8 #F 5 (Tester Strains)

Aol A&7 F35 Amesel B2l wa} Salmon-
ella typhimurium LT —22] histidine 4 ¢ 74 #5<l
TA98, TA100, TA15358F TA15372 &-=3}s d74
o b ~zed TN A Bk Bk}, ol T
F£<F Dol 373 (genotype) & F 4] & wpo} Zoj
histidine operoneil 4] 4 & ©}& 3 (type)2] histidine

EduolE 7l gl

TA983 TAISI7FFE FRo)EE A o) (frame-
shift mutation) 3 Yo7+ 2L A&7
o, AgFF TAL00 TA1535¢ 9
repair substitition)-2 Yo7l Edulo] fuid ZA
< REQ

AYTFY F+AAYEL salstr] Asle] histidine

(Table 1) Genotypes of the TA strains used for muta-
genesis test in this study

Histidine mutation
hisC 3076 his D 3052 his G 46
TA9 TA00 7fa 2LwmrB  +R
TA1535 rfa LwrB —R
TA1537 rfa AHwrB  —R
All strains were originally derived from S. typhimu-
rium LT2.

LPS Repair R-factor
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requirement, rfa mutation, wwor B mutation, R—
factor plasmid pK 1019} &% 59 A4 J5d
o] & A Y3t

=g AP TFTEl Ede] FEEA st 4 E
Adwo| & stex] S &l S9 mixe E§4-L 3l
st71 9t ofml deial FAule] FHHEA Sodium
azide, 4 —Nitroquinoline — N —oxide ¢} 2— Aminofluo-
rene 2 E. positive mutagenic control test & st}

APehaAel k3 AE] HF sk FdAlZ 9
of $u5¢ ZEA A Hohed 2zte ofelehA
EAdo] chaw, m3 datoll A Wids] F5]e oA
cyclophosphamide (alkylating agents), 5—Fluorour-

r

acil{antimetabolites), etoposid{vinca alkaloids nat-
ural products)-& AF&-3ted A o] {5 A AR 8
At =3 F 9] tell4] 91 microzomal enzyme-2
f3hs SO mix % H7IAA AHA L/EE9 24

dAbE e A vd 24 ARl SAdho] fu

4% Aashe,

==

3) ol Al el s B4
(partial purification)

N gzte] AW 548 F4] —70To| Raste] o
#AF —50C EA 2 =7](lyophilizer)oll A 71 z4] Z et
Azg B4ES Higo thA] B 4o 2ALF
12,000rpmel 4 1087 QAR sted 45 d (super-
natant) 2} % A E-(precipitates) & Y%

XAD—resin-g acetone, absolute methanol, 554
o Az £3] A FATHT RS Dol waslgel.
Econo column(1 X 10cm) ol 3—way nylon stopcock-&
AR A7 F FH 42 A2 washed resine 5cm Eo)
2 AL o2 o] 50ml 9] 5742 columng 53}
Al Z et

Aol A A& £ L%—°l.‘ 2 XAD-2 resin
o] 2% columnol ¢35l flow rate 2—3ml /min
7} Ele & Slo] ARES A7l T 20ml-4 acetone > g
resino] & 2tsl A3 (adsorbed component)g %8}
Aot FZFNE molx 60—65C heating blockoll A 1
A7t A 24 A acetone & A AT ohA] FA 7 270
ol 438 AMAAZ ot

kA5 A =5 sampleo]] 41 100ml% 0.4mle] v]-&
= DMSO(dlmethyl sulfoxide) & do] £3]4]z & =

8- uk7) 318 d 3ol mbaled Aol g3k

o

BEEER

4
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A5 e A A264E A4s

4) 239 Eodde] f% A (urinary mutagen-

icity assay)

AP FFE o|L3lod Ames 59 plate incorpor-
ation method2 4w ¢ FdHe] F45 FAHE 819
t}, E4Jo] #ol%l F-& Difco nutrient broth-82fej 3
F3kod 12412 W FAA AF 57 1-2%10° /mis 4
7+ Wl kol 2} top agar, 0.5mM histidine /biotin-& o} o),
50ul8] £# sample-& 3713 =H-& water bathell 45¢C
2 frA ek

o] 7] o] W ZF 2 2 plated] 50ul &) DMSO$} 500ml 2]
S9 mix 2 A7tshe A3 S mixg A7k &
2848 oz HamA o FYsA HAF T
) oF 7] ol A 4841 7k w) 3} ATk

Ames So] A A8} ) 4-7)(exponential stage) ¢] &
ol Bt Aol Adslr] ¥ ke 650nmu} ol 4
&%= (optical density) 2 &43te] AFHE HU7
ol AYE A st

2282 2R ARE AAFA 24 AT AY
T 209 ¢ Aoz 3 FA=ETE FHAAT 2
2 oldte] To] AyE Al pehd Ny FEA
& E3lo] APHZANE & &, 4 T I HEEr
% AZ T A 2ALE AA b 2384231 1570
TS AFoz At AUTY 2202 24
£ 9] A28 = &= Cronbach’s Alpha=0.9079°) ¢t}

AEH A A5 FL 44 Likert Hx 2 2438 g}

4. X232 2y

Edwo] ity Aol HE AFe HauiAI o



vehd AjdFe] P45
# =T AolE AEI
t—test2 stgich,

Hdage] P A4FAzAE AT 2T
ol =7 T2 FFHE ZASRL 4 T A
A7) 2t %2 AbE3hgleh

FgetA] A7 234 2EH s A5 TPER H
T3 ZFHAE AEET, AA e 2EdL Hr
T Y F AEAEE, AT THEE /e HER
BEUAE AFS L Fo) & w3

S yFAse
3]

]
O o
—Q—U:], T A

A
A

oy ot
o e

T
%

vg #
1. 2ol Me] Eito| Faks HAY

Control testel] 2|3t A FF9 =4 = sotAly
Sadle] FU5S Bl AP S Evlz oA HF
EAbe] 2ol M e Fdo] f% A4 sk,

{Table 2> Mutagenicity test of urine collected from
nurses on TA 98.
Urine was sbjucted to XAD—2 column chro-
matography to purify mutagen partially.

No.of Ward Mutagenic activity
drug  career -S9 +S9

handing (yr /mo) M SD M SD
DMSO(only) — - 26 21 38 35
C 0 0/1 2 28 8 46
C: 0 0/2 40 33 62 41
Cs 0 0/2 37 47 75 6.7
Ca 0 0/2 45 29 70 35
Cs 0 0/11 40 15 227 114
Cs 0 1/1 47 3.0 54 2.5
Cr 0 3/4 9 24 62 2.6
Cs 0 2/0 3 13 61 14
Co 0 2/3 M 6.2 64 24
Cwo 0 4/4 2 21 73 4.5
Cu 0 7/4 51 41 59 2.6
Ci 0 2/2 B 20 67 1.9
E: 20 0/2 46 34 57 52
E: 43 3/8 3% 51 46 13
Es 40 0/2 38 31 60 41
E4 96 0/1 629 239 918 439
Es 40 0/1 47 28 1,100 86.9
Es 27 2/0 62 7.3 98 7.2

No.of Ward Mutagenic activity

drug  career -S9 +S9
handing (yr /mo) M SD M SD
Er 40 0/11 45 52 66 2.4
Es 30 2/0 57 136 2,110 134.8
Es 28 0/2 39 112 1,973 2193
Ew 13 0/3 46 45 972 573
En 25 4/0 1,069 132.7 1,214 986
Er 35 2/10 1,548 147.1 1,292 102.2
Eu 25 5/3 1,407 985 2,624 241.6
Eu 24 2/0 1,367 106.4 1,947 110.7

Mean +SD of three experiments

(Table 3> Mutagenicity test of urine collected from
nurses on TA 100.
Urine was sbjucted to XAD—2 column
chromatography to purify mutagen partially.

No.of Ward Mutagenic activity
drug  career -S9 +59

handing (yr /mo) ™51 &p
DMSO(only) — - 149 57 189 1.2
C 0 0/1 258 247 2713 64
Cz 0 0/2 2093 286 381 143
Cs 0 0/2 252 342 326 339
Cs 0 0/2 214 184 179  19.7
Cs 0 0/11 179 114 198 17.3
Cs 0 1/1 163 21.0 187 155
Cr 0 3/4 162 146 18 17.4
Cs 0 2/0 164 133 192 201
Co 0 2/3 191 95 223 17.0
Cro 0 4/4 174 53 561 356
Cu 0 7/4 169 78 219 221
Ciz 0 2/2 223 84 246 9.5
E 20 0/2 238 85 231 273
E: 43 3/8 253 127 286 238
Es 40 0/2 229 131 264 305
E4 96 0/1 1,660 78.4 1,800 209.7
Es 40 0/1 202 63 232 274
Es 27 2/0 254 118 988 60.8
Es 40 0/11 246 205 876 721
Es 30 2/0 256 296 793 704
Es 28 0/2 228 97 943 116.6
Eio 13 0/3 206 106 1,125 204.2
Eu 25 4/0 1,456 137.3 1,771 256.3
Er 35 2/10 1,619 127.4 1,946 248.2
Eis 25 5/3 1,724 852 1,84 97.6
Eu 24 2/0 1,843 109.6 2,129 123.3

Mean +SD of three experiments
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AA Y AAE APE TARBFEFANAMY Qo] &
52 (F 2>9 2ok 1A JEdd el S9 mixF
H7LelA] -2 73S 2671 /plate g 2.7, S9 mixE A7}
g 7%= 3871 /platedet. A@F2] Eq, En, En, En,
Eurt vl sy = @Xshy FFolA 23 el
b5 93-S w9l e v, Es, Es, Eo, Ewe] S9 mixE A
74E ubg ol A gAstslo] B A5 el A
A A 147 F 99 o] £wloll A S o] fk5-o] el
wte}, o= Foll A& Cs7} plated 3 247} 2287 9]
& vl A& Alsid Fodde] fkeo] AAs
RIS RE: )

TF TA 100614 9] AddollE Ad= SdHole
w] &3 51 o] 14970 /plate, &4 3wl o] 18970 /plate
9o, TA 983} Zoj vl &4l sku] of| A Ey, Eu, Erz, E1g,
Euoll A 2 Saddle] o5& Bdx, 48N
= F7}8 Es, E7, Es, Eq, Ewo] 3183t A A ol 279
Al Couto] oFg uh-3-2 ¥ & # AAH oz 454
Wol fribFg BAsR 23 Ach(E 3

(E oA Bulel zFe] AP FF TA 16359] =l
o Egu ol v 43 o] plated 2670, 43k o]
387 =2 vigielk Edwlo]l fds AdolA By, Ey Ey
Eu, Ei, Ei3, Euz} v] &4 shi o} &4 3y 5504 7
& k4 b2 veb la, v E A sy ol A= Eso] o
AL qb-g-3hol ot A sk ol 4 &= Es, B, Es, Ewo] ¥
A ukg-shsich TA153500 4 & Ez, Es, Es-& A 9)8 A
gFol Eddel s L G S & 4 Ut
Hz2TE o8 g5 2] vlddsbygol Y Cort o
A ub-g-at o v, &4 3k of Carl 41074, Cs7} 39074
o g2 A4E 2k TAIS7TE T 4d2+
2F ZFollA A 4b-g-o] vehvla] edghel,

HALE AFAE(FE 2D, (B D, (B oA JeEL
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(Table 4> Mutagenicity test of urine collected from
nurses on TA 1535.
Urine was sbjucted to XAD—2 column
chromatography to purify mutagen partially.

No.of Ward Mutagenic activity
drug  career -59 +S9

handing (yr/mo)” M Sp M _ SD
DMSO(only) ~ - 2% 24 38 25
G 0 0/1 31 54 5 75
C: 0 0/2 33 39 410 328
Cs 0 0/2 32 15 390 304
Cs 0 0/2 37 24 47 28
Cs 0 0/11 32 35 29 23
Cs 0 1/1 38 26 58 64
Cr 0 3/4 3B 40 40 31
Cs 0 2/0 39 21 51 39
Co 0 2/3 91 53 39 23
Cuo 0 4/4 28 13 42 17
Cu 0 7/4 29 08 60 9.0
Ciz 0 2/2 31 25 4 41
E1 20 0/2 890 70.4 1,200 102.7
Ez 43 3/8 40 6.5 36 2.6
Es 40 0/2 89 159 455 526
Es 96 0/1 1,420 96.8 2,350 175.3
Es 40 0/1 39 27 76 4.6
Es 27 2/0 3»H 37 42 1.9
Er 40 0/11 2,020 230.5 2,560 215.4
Es 30 2/0 2 43 34 13
Es 28 0/2 35 51 1,370 126.7
Ew 13 0/3 36 4.0 1,515 1618
En 25 4/0 1,060 1163 1,183 115.9
En 35 2/10 1,430 2341 2,210 198.2
Eu 25 5/3 1,770 126.3 2,090 211.6
Eu 24 2/0 2,110 243.2 2,970 325.4

ARZEAE ZFEe Az} AUssER 2AlE 2
23 (& 5)oll hebrd upo} Zofet, A& FE 295 o} =7
Az AL 135 Folg e, 2 Folld FEE 34T
Algtel 7t B4t goter, 2 sbgez 24,
el %, 9 fallergyst At F 8o £42 vhehit
o},

A7l wste A2E 129 F 48 AAFAL) FF
AR EE 55 875 v $EY4F R4
st A% 7h7 19 A o) etk



{Table 5) Comparison of each physical symptom fre-
quency between experimental and control

groups.

Physical symptoms E);? (Nr‘ fzf/z C(;\I;' (Nr' flf/a)
Itching sensation 6 20.7 1 8.3
Headache 8 27.6 1 8.3
Corneal congestion 6 20.7 1 8.3
Dizziness 3 10.3 1 8.3
Skin allergy 6 20.7

Nausea 7 24.1

Chronic dermatitis 2 6.9

Vaginal burning sensation 1 2.5

Abdominal discomfort 4 13.8

Palpitation 1 3.5

Skin burning sensation 4 13.8

Facial flushing 3 10.3

Respiratory difficulty 2 6.9

None 6 20.7 8 66.8

* r f %=percentage of relative frequency

{Table 6) Stress score of experimental group by items.

e 2412 ok mAich el 28wk 5 4T
B gleh sh AEd e A4ot 5L SRS AT

1
A] okg-o] ALl ¥-9loll FE7 A7 2 ek (F 6)

v,  #

1. e EQHO| Fits Y

oy Fawe] o5 24 A E 8o o)
Ao 4E dAl Belste A5l AAEe e
o] Tx e Aedle] & Lulx|o ulotsl) X A} AS
Aol gt E-dw o] it 5o] TAtEfo] Eoinio] it
o] £ 9] soluble fractionol] Y35 < 4 Yt

2 4% 4% C8sep—packel 53417 S 24
22 gAYA B oz APY Ao A7
27 Fdwo] ke o]} glol £y 4
ol Fub5& w53l A o) e dtA

Ames 2} Maron(1977) ol o] s} o) 3 4-9) 2ot B2
3 Sodwle] fub & Al £ (cell membrane) & &=
3l Aol U7l wFoll ukef of & E o] specific
transport systemol] &4 5= o=t 34 (non-
polar) &t A Aol 711 & F34AE &l = Aol gloxm
2 t}E& resinol] v] 8l nonpolar XAD~—2 resino] £ = o)
9l = B4 A 2 (nonpolar compound) & & &3} o

Item M SD
1. 'm afraid that this drug may produce some skin disorder on my body. 2,52 0.79
2. 'mafraid that I may deliver a malformation infant by this drug handling in the future. 2.38 0.73
3. Nausea at the smell of the drug while handling it gives me anxiety 2.17 0.89
4. I'm afraid that I may develop a cancer, \ 2.10 1.01
5. I feel concerned there is no protective countermeasure against anticancer —drug handling. 3.10 0.86
6. Dizziness gives me anxiety. 2.28 0.75
7. Headache after handling drugs make me uneasy. 2.35 0.81
8. I'm afraid that I may develop a hematological disorder. 2.24 1.02
9. I suppose that continuous drug handling may do damage on my body. 3.03 0.82
10. P'm afraid the anticancer drug handling may produce an fetal loss in the future. 2.17 0.85
11. ’'m afraid that [ may produce respiratory difficulty. 2.10 0.90
12. 1 feel complicated between the worry about drug handling and the nurse’s responsibility. 2.24 0.83
13.1 fear that the anticancer drug may touch any part of my body while handling it. 3.14 0.83
14. P'm afraid of the possible infertility in the future. 2.35 1.01
15. I feel concerned that my hair may become thin or drop out. 1.93 0.80

Total 2.41 0.54
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— Abstract—
Key concept:Mutagenicity, Physical symptoms, Stress

Urinary Mutagenicity, Physical
Symptoms and Stress of Nurses
Handling Anticancer Drugs

Kim, Bong Im*

The purpose of this study was to call attention to
the mental, physical and occupational hazards of the
anticancer —drug —handling nurses by examining
the possible urinary mutagenicity and measuring
physical symptoms and stress level of the nurses ex-
posed to anticancer drugs.

The experimental group of the wurinary
mutagenicity assay was 14 nurses handling
anticancer drugs at the medical wards of a hospital
located in J city ; the control group was 12 psychi-
atric nurses of the same hospital. The test material
was the nurses’ 24hrs urine, which was concentrated
by XAD—2 column chromatography.

Tester strains were TA98( %S9 mix), TA100( £S9
mix), TA1535(£S9 mix) and TA1537(+S9 mix) ;
Salmonella mammalian—microsomal test(Ames
test) was employed for the urinary mutagenicity as-
say.

The physical symptoms of which the nurses ex-
perienced were investigated through self —reports
on open—questionnaires, The stress levels of the ex-
perimental group were measured by a stress
measuring instrument developed by this author, Re-
liability of this instrument was found to be ad-
equate (Cronbach’s Alpha=0.9079).

To ascertain the urinary mutagenicity of the

* Tel : 0591) 40-1835, Fax : 0591) 43-3010

H&z 3 ohs] A A26A Al4E

experimental group, the mean and the standard de-

viation of the colonies of Tester strains appearing on

the mimimal plates were taken and compared
differences between two groups. T—test was
employed for the significance test of two groups,

The physical symptoms were compared between the

two groups through the analysis of the nurse’

self —reports. The mean and standard deviation of
the stress levels of the experimental group were also
calculated and were examined through t —test.

The results were summarized as follows :

1. The experimental group revealed significantly
higher urinary mutagenicity both in the acti-
vation method test and the non—activation
method test of the tester strains TA98, TA100
and TA1535. In the case of TA1537, two groups
showed no difference in the non—activation
method test, but the activation method revealed
difference.

2. The physical symptoms were also much more fre-
quently reported in the experimental group. 79.
3% of the experimental group reported more than
1 kind of physical symptoms. On the other hand,
33.2% of the control group complained of 1 kind of
physical symptom,

The items with high symptom frequency were
‘headache’, ‘itching sensation’, ‘corneal conges-
tion’, ‘skin allergy’.

3. The mean score of stress in the experimental
group was 2.4l(range 1—4). The experimental
group showed the stress level above 2.0 in the 14
of 15 items in all. The highest stress level were
recorded in the following items in the order
quoted, ‘I fear that anticancer drug may touch
any part of body while handling it.’, ‘I feel con-
cerned there is no protective countermeasure
against anticancer drug handling.’, ‘I am afraid
the anticancer drug handling may produce a fetal
loss in the future’.
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