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ABSTRACT

To evaluate the genotoxicities of workers exposed to glue and glue cleaning solution,
ambient air monitoring of working place, animal study and human monitoring were
carried out.

By GC-MS analysis, air samples collected from shoesmaking plant were found to be
toluene, xylene, cyclohexane, n-hexane, methyl ethyl ketone, trichloroethylene,
butylacetate, isopropyl alcohol.

Glue and glue cleaning solution from shoesmaking plant were applicated topically to
the CD-1 mice. DNA was isolated from skin 24 hr following the application and
analysed for DN A-adducts using the nuclease P, version of *P-postlabelling assay.
RAL (Relative Adduct Labelling, adducts/10® nucleotides) was significantly increased in
a dose-dependent manner in the glue cleaning solution treated mice skin.

Peripheral blood DN A-adducts of workers exposed to glue and glue cleaning solution
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were also analysed by the same method, but there were not significant differences in the
peripheral blood DN A-adducts level between exposed and control workers.

In addition, glue cleaning solution from shoes factory was evaluated for mutagenicity
in the Salmonella plate incorporation assay using strains TA 100 and TA 1535 in the
presence and absence of Arochlor 1254-induced rat liver Se.

There was evident mutagenicity for cleaning solution in TA 100 regardless of S,, but
TA 1535 showed positive only in the absence of S, when predicted by Stead model of
mutagenicity prediction (p=10.0000).

The urine concentrates from workers and controls were also assayed for
mutagenicity towards strain TA 100 of Salmonella typhimurium in the presence of So
using Kado’s microsuspension assay, but their mutagenic activities were not found to be
significant.

These data suggest that shoesmaking workers are exposed to genotoxic compounds
and need to be monitored by testing the mutagenicity of human urines.

However, ®P-postlabelling application requires further validation for the routine
monitoring of human exposure.
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Fig. 1. Outline of the Reduced Kado Assay with mammalian activation.
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o},  Oxoid Nutrient Broth(Oxoid Ltd; Hants
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AHA 100p4 ¢ Y& 5 0jg] 24 FedE 348
VBME platedl] #3 24 #x]A &5},

Agar overlay7} & % plate® Aol 37C
incubatorel A 724]7F wiokdt ¥ AE-A A7
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et

2 AgoA FYNEFoE AT AL +S,
Ao A& sodium azide (0.5ug/plate), —Se A
efol| 4] & 2-anthramine (3 .g/plate) ] ¢ o} (Table
1 #=),

Table 1. Concentration of Control Chemicals (ng/
plate) for the Strains TA 100 and TA 1535.
Kado Assay Ames Se
Sample amount 5pl 1001
Sodium azide 0.5ug 3ug —
2-Anthramine 0.25ug 0.548 +

iv) zR&A

Stead 5Vl 23 At FAEH RS
3}ed Ames test2} Kado testol] &) o}t
Mol R4 e WAL 252N g o 48 Kado
test Aol dig| = F71E t-testE sho] AYHF
3 279 revertant 42 AolE AT
Stead model& Bernstein model®®+ 2] Pois-
son ¥ ¥of 715 T Non-linear modele]t}, *-
AR 38571 Fa A {780l 3 7|
9] A5t =F #AAlE 2 AYolAe Stead 2
< A&3Ach
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o GC-MS¥ez AEE HAME 3 (Table 3,
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Table 2. Distribution of organic solvents in the air of
investigated shoesmaking factory by gas

chromatography.

Compounds Concentration (Min.-Max.) TLV

Toluene 60-90 ppm 100ppm
Xylene 200-220ppm 100ppm
Cyclohexane 40-100ppm 500ppm
n-Hexane 10-12 ppm 50ppm
Methyl ethyl ketone 15-20 ppm 200ppm
Trichloroethylene 8-9 ppm 50ppm
Butylacetate 2-3 ppm 150ppm
Isopropyl alcohol 7-8 ppm 400ppm

Table 3. GC-MS profile of cleaning solution using
cryofocusing trap and HP-UX system.

Molecular Molecular
Compound

Weight Formula
Hexanoic, 2-methyl-3-oxo-ethylester 172 CoH 1605
2-Propanone, 1-chloro- 92 CsHsCho
2-Propanone, 1, 3-dichloro- 125 CsH.Cly
1, 4-Cycloheandlene 80 CeHs
Bi-2-cyclohexen 162 CizHis

2. #E=Y "ol

Table 5& £ Aol A& AP o =g &
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Fig. 2. Autoradiography of PEl-cellulose plates from **P-postlabelled peripheral blood DNA from shoesmaking
factory workers, control workers and skin DNA isolated from CD-1 mice treated with glue and glue cleaning
solution. Autoradiography for TLC plates was at —80°C for 4 days. 1, 2, 3, 4: blood case, 5, 6, 7: blood control,
8: cleaner 6.25%, 9: cleaner 809, 10: glue 6.25%, 11: glue 25%, 12: DMSQO, 13: B (a)P

225 dAa AAAE =238 miced] 59 ¥ ok

F-oll4 #Feldk DNAS Fx&F deld Zelrh, 2 Aol A= Azt eaHE Folux} 7 Foll
DNAg} HAAR-5 ZA37] #isted spectro-  &oh= el 2L DNAE 4{i4] (pooled
photometers- o]-8-3to] Abs 260/Abs 280¢] ¥]E  composite DNA sample) AF&3lgich, Table 6
T8 A3 2% 2A3e 199l 1.8-2.0 oJUlo] 9l F¢] blood 1-& Table 5 &9 case 1-1, case 1-2,

B
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Table 4. GC-MS profile of glue using cryofocusing
trap and HP-UX system.

Molecular Molecular

Compound Weight Formula
Methyl ethyl ketone 72 C,H;0
Acetic acid, ethyl ester 88 C.H40,
Cyclobutane 56 C.H,
Cyclohexane 84 CeHi2
1, 4-Pentadiene, 2-methyl- 82 CsH,0
2-Butenoic acid, methyl ester - 100 CsH:0,
Toluene 92 C/Hs
Benzene, chloro- 112 CeHsCl
2-Propanoic acid, 2-methyl-, 130 CsH 100

2-hydroxyethyl ester

case 1-3 % case 1-49} DNA-=E- pooling3d}l 725 €]
n}&te}, o]3ke] blood 2, blood 3, blood 4% =}3k
7} o]}, blood 5+= Table 5 ¢} control 1-13}
blood 6 control 2-1, control 2
control 2-3&, blood 72 control 3-15}
control 3-2% pooglinggl ZAo|t},

Table 6 59] blood 194 blood 4+ 7] &4
o174 22Ae] Yelezde 243 DNAE
Elle] blood 594 blood 72 279 oz
HEg Z23 DNA=ZA blood 5+ female non
-smoker, blood 6 male heavy-smoker, blood
7%  male moderate-smoker?2] oo 2 HE
DNAE $%3}o poolinggl Z o]}, Skin 8, 9, 10,
112 AR A o} FZAE woldAA"AA 7HE &
2 #HoldAE ¥al F=F W5t miced] Foll v}
2 7 9304 DNAS 253 A2 24 skin 11¢]
739 A 3A)7F DMSOel %& 4 S+ Ads=E
7} 25%9] WA 2 A H A 9] A °9Jr gl AdEz}
ok}, Skin 12+ SAURT- S 2 mice?] Sl
£ g A2 DMSO=HS ELE}H DNAE #%3
Zolu, Skin 132 kAtixF o 2 B(a) PE mice
o) Soj we} DNAS 223 Aol

Fig. 2+ Table 69] A 35 ¥oF+ autoradio-
grame| i Fig. 32 £ A3 2] nomal®} phos& &

FE Aoz A RALRE 817 93t 24389
o},

control 1-2&,
2 9
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Table 5. DNA concentration of peripheral blood iso-
lated from shoesmaking factory workers,
control workers and CD-1 mice back skin
treated with glue and glue cleaning solu-
tion.

Sample ID DNA (mg/ml) Description Test sample

case 1-1 1.17 0-1YR* blood
case 1-2 1.08 0-1YR blood
case 1-3 0.87 0-1YR blood
case 1-4 0.61 0-1YR blood
case 2-1 1.33 1-3YR blood
case 2-2 1.00 1-3YR blood
case 2-3 1.19 1-3YR blood
case 3-1 1.31 3-5YR blood
case 3-2 0.95 3-5YR blood
case 3-3 0.88 3-5YR blood
case 4-1 0.64 5<YR blood
case 4-2 0.57 5<YR blood
case 4-3 1.39 5<YR blood
control 1-1 1.28 not;—smoker blood
emale
control 1-2  1g  momsmoker 04
female
control 2-1 0.66 heav;—:{goker blood
control 2-2 112 heavls;—:fgoker blood
control 2-3 120  MeAVY-SMOKer yoqq
control 3-1 0.93 smoker male blood
control 3-2 1.07 smoker male blood
cleaner 6259 124  cleaner 6.259 ™Mice back
skin
cleaner 80% 1.04 cleaner 809 mice })ack
skin
mice back
glue 6.25% 1.35 glue 6.25% skin
mice back
glue 25% 141 glue 25% skin
mice back
DMSO 1.15 DMSO skin
mice back
B(a)P 118 B(a)P <Kin

*working duration, case: organic solvent workers, con-
trol: control workers.

Table 6014 291 Weial A% #7184 A%
o @94l wel RAL gho] $303BAZ 4
SohA sk, AAEE 22A9 A9e) vasE
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Table 6. Comparison of RAL in DNA from periph-
eral blood of shoesmaking factory workers,
control workers and from CD-1 mice skin
treated with glue, glue cleaning solution,
DMSO, and B(a)P.

Sample ID* Description RAL(107%)
blood 1 0-1YR* 1.96
blood 2 1-3YR 9.47
blood 3 3-5YR 3.16
blood 4 5<YR 4.31
blood 5 non-smoker female 8.46
blood 6 heavy-smoker male 4.80
blood 7 smoker male 2.89
skin 8 cleaner 6.25% 5.73
skin 9 cleaner 80% 8.97
skin 10 glue 6.25% 11.40
skin 11 glue 25% 11.30
skin 12 DMSO 0.50
skin 13 B(a)P 15.90

*working duration

*blood 1, 2, 3, 4: blood DNA of organic solvent worker
blood 5, 6, 7: blood DNA of control worker

skin 8, 9, 10, 11, 12, 13: DNA of mice skin treated with
cleaner, glue, DMSO (Dimethy! Sulfoxide), B(a)P.

o1 Hol7t gloich. W2
ol @& RAL 3t9] ztel= glgiet, 22)vt mice 7
S0 AHAE w2 AFelE RAL Fhol Sahike
Az FHEE ¥ 4 99k

E Ao A= AHhAREe dupAlq] E4
A o3, A, A%, SGOT, Hb, &%, &5y
5¢ zbelglont Al A% & AR A}
A Z2Ae WA ARY ol ol9lr) e
ol Fol7k PPz velxl W o34 F23 Fol7b
foldl 2 =Tl AAAolAE Aalgie,

3. Holy "It

=28 A §4

r£

Fig. 4= AlAA dHeldAE 27 A8l
Salmonella strain TA 100-8 % 4] Sg& #7}3}e]
) A184d 3} (metabolic activation) & A7l ZA ¢
A 72X 7} vl ok3l & revertant 4= countdlt # o]
t}, DMSOut £ o =7 (spontaneous, o 7]l 4+
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ARAZ A ge &l Hz2FE ) olA
122.5+26.5revertants/plate’} vk, FAH =
2.2 2-anthramine$ A}-8-3 73§ 608.5+38.9
revertants/plate”} 1}2} Maron 59 Z 3¢} v]lm
el & W 2 A At AT 7 e e
of et shlct, AAA ] FEst Fobeel wlet
6.25%7FA] Al A5sictrt o] o]4be] FEol4lE
AAA R Q8 MEZEA wh-Fol revertant 47} &
o] A& B 4 gl2lch. Stead model2 %713k 7 3
p=0.000022 =% frejd HoldAS e
c},

300 T
250 | B

200 . h

L

MR i
‘ \

S S |
.39 .781.563.126.2512.5 25 50 60 80

Revertants/plate

Dose(* of glue cleaning solution in diwethyl sulfoxide)

Fig. 4. Mutagenic activity of glue cleaning solution on
Salmonella strain TA 100 with S,. (p=0.0000 by
Stead model analysis)

Spontaneous revertants averaged 122.5+26.5
colonies per plates. Revertants using 2-anth-
ramine (0.5ug/plate) for a positive control aver-
aged 608.5+38.9 colonies per plates for the

assay.

Salmonella strain TA 1002.2 S, 8101 'fﬁf{}
AAE AAAFE 6.25%004 A S 3o
Al 3 WolfAdE ®3ot(Fig. 5 71:—-).

) Z2Fo)| 4 104.0+5.7revertants/plated ¥.of
Maron 5-¢] ) &7 (o 7]4+ DMSOE
T 9lvlsl revertant 9] zbolE i) ol A

9 gL
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Fig. 5. Mutagenic activity of glue cleaning solution on
Salmonella strain TA 100 without S,. (p=0.0000
by Stead model analysis)

Spontaneous revertants averaged 104.0+5.7
colonies per plates. Revertants using sodium
azide (3ug/plate) for a positive control aver-
aged 892.0+39.6 colonies per plates for the
assay.

¢l 120-200revertants/plate®} 2] & =}to] 7} g1l
o},
Sodium azided AHE-3F FAdl =7l 4] 892.0+
39.6revertants/plate® ¥.o Maron 59 sodi-
um azide AH&A19] 43 (500 o14H) 2} A= 3t o},
Seg & ZFolt ti=TolA 28.0+1.4rever-
tants/plate, A= 2.8 2-anthramine (3ug/
plate) & 4 Foll4 86.5+0.7revertants/plate s
2R, Se¥ 23 %L HfolE dlzFolA
16.5% 0. 7revertants/plate, FAINZF 2 2. sodi-
um azideE ¢ Fol|A] 540+ 23. 3revertants/plate
£ 29 Fig. 6914 & 7} E-0]3 A& dose 0.
39%0ll4 6.25% H.t} revertant 47} ¥4 & A
olet, AAANA fj3t Wol YL wAFG
w-goll o] AAAE o] 83lo] Adg sh= T2A
(exposed case) & £ Ao X3 22
A}(control)¢] A®< zHse Kado? mi-
crosuspension assayg 44t}
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Fig. 6. Mutagenic activity of glue cleaning solution on
Salmonella strain TA 1535 with S,. (p=0.9950
by Stead model analysis)

Spontaneous revertants averaged 28.0%+1.4
colonies per plates. Revertants using 2-anth-
ramine (0.5 zg/plate) for a positive control aver-
aged 86.5+0.7 colonies per plates for the assay.

AT 2o s
3o 100% (=953 100%), 50% (4 5=ol
509 +DMSO0 50%), 10% (&5  10%+
DMSO 90%) 9] =& ghEe] 7 w59 349 4
H-& ubEEich DMSOuHE &tz Foll4=
134.0+9.3revertants/plate, FAZFoz 2
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2L revertant & wlwsll oyt {93
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Fig. 7. Mutagenic activi'y of glue cleaning solution on
Salmonella strain TA 1535 without S,. (p=0.
0000 by Stead model analysis)

Spontaneous revertants: averaged 16.5+0.7
colonies per plates. Revertants using sodium
azide (3ug/plate) for a positive control aver-
aged 540.5+23.3 colonies per plates for the
assay.
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