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Evaluation of mixed organic solvent exposures in painting plants

HO Chun Choi,Ph. D.
Industrial Hygiene Research Laboratory
Industrial Health Research Institute
Korea Industrial Safety Corporation

344, Kusan—TDong, Buk—Xu, Inchon-Si, 403-120, Korea

~ Abstract -

The exposure levels of mixed organic solvent for 66 exposed workers in 6
paint products industries were evaluated, In 66 exposed workers and 30
control subjects, we also determinated the concentrations of toluene and
xylene metabolites, i.e. hippuric acid, o-,m—, and p— methylhippuric acid.

The results were as follow;

1, Organic solvent exhibited 7 compounds, which on average accounted for
approximately 90% of the identified mass in each painting products industry
air samples, were selected for quantification:
pethyl ethyl ketoﬁe, ethyl acetate, methyl isobutyl ketone, tcluene, butyl

acetate, ethy! benzene, o~, m~, p~ xvlene.



2. THe average mixed organic solvent exposure levels in 66 points with
workplce were 3.8 ppm of MEX, 12,2 ppm of ethyl acetate, 4.0 ppm of MIBK,
28,7 ppm of toluene, 3.8ppm of butyl acetate, 10.2 ppm of ethy! benzene,
14.6 ppe of xylene, respectively.

3. The exposure levels of each 7 organic solvents were significant
difference by the paint products industry statistically.

4. For the total B6 points with workplace, thr rate of them of which
nixed solvents in air was exceeded the TLV of 1,0 were obtained for
23 % ( 15/66 point),

5. The concentrations of hippuric acid in urine of exposed group and
control were 0,344-0.65 g/g of creatinine, 0.16£0.11 g/g of creatinine,
respectively.

There are significant difference of concentrations for hippuric acid in
urine by groups statistically.

5. There was a linear correlation between the end shift hippuric acid
acid levels in urine and exposed toluene in air:

y=0.02079x+494, 2, r=0.6468, n=55
y: hippuric acid in urine(mg/g of creatinine)
x¢ toluene levels in air(ppb)

Toluene levels in air of 100 ppm have been caculated to hippuric acid in
urine 2,57 g/g of creatinine,

7. There was a linear correlation between the end shift methylhippuric

acid acid levels in urine and exposed xylene in air:



y=0,01664x+31,6, r=0.7264, n=55
vyt methylhippuric acid in urine(mg/g of ¢reatinine)
xt xylene levels in air(ppb)
Xylene levels in air of 100 ppm have been caculated to methylhippuric

acid in urine 1,69 g/g of creatinine.
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(Whitehead -&,1984; Hansen -2,1988; Pezzagno -Z,1988),
olshzo] R718HME AU o cpYstA Ahgsie, pyEol 2l v}
dol ¥& ERAZE Aol oAuiyt Bl duhvt FE2E|=x]le ZRAES

27 %W Y g E HY T2y EAoith

o

S3R7) S FayA) Agye] Y} ZR2AbEe] UM vl 4
o] nedd FEer YWite £4A 7 EuHd AUl AE BE4EY 2493}
of §r4HH BabR7)1&A sxofl 2]3) Wrlstodef vt ey AgdAe] )R
277182 g FHEYche A2 el Ydoln, =¥ ZEF {FriEAe] 25
Fof 23] vjehte A EE AU Wil fr]-EAe] S Fo ubet UMof o]
2 Bev thAbEe] 77 ti22 "rek(Bechtoid %,1991: Foo -5,1988;
Ghtittori %,1987).

Daniell §(1992)2 371% EFd =7} 42 A+ s E(biological
exposure index,BEI)2l n}x4Hhippuric acid)z} #bgha} kg whaie) =4l«de
Az Eor e mHYul x4t (methyl hippuric acid)zk #F etz shgivk. g
Apostoli “5(1982)%} Derosa 5(1985) 2 27]% 28elz} nixite] s xo] &
A B BA(r=0,71-0.88) 7} Ati shgict. olelyt A2 abdate] H3pHd §57]8&
#Me] Zgof ojgt Ad g, BFQl3) 3] o5 58] o TERALEL] 9
A Fddo] izt 7idH) 3hasde] WY Aok

28y gelvtete B4R7) 84 1FE Furidd =aARoiM B§H

2.2 Ah2ElE #F7]8A7F AUl zej FHH] EYRrIEAe] HEsE



(cunulative TLV)of th%h sg7tuo] alulse Jdaslz] gz gict,
aelnz B adFode 4 2715 H4e71eAe) Yol 2jak £Mo
sbrzzole APEM7E AbRsted Al 90 % o]y Axlstn 3l R &Y

#718M2) $7& SVskaxt sisich

oluj A3 ¥l FHEL 7l~ aTriEIe)xof 2)s] Py BMsied Z
2abse] 2t 34y, A2 dAdef ulE F2 35§ vadgley, =y B
srarlg2A 3 ees Hrhd(cumlative TLV, H3183de] ¥2%%, 1988)0¢
23] 3HgrEo] uyt 2485 42 b3l

aelx 2y 22akEe] 71F B2 5 W #7188 F27F ) de
ERAY 24dHde] FAhAE thestd) vl bt HY5T, 2R3
AENH T sE7F EFY W 242 7]F v viAle BEE A3t
Uyxor Zaabsolx £od¥l ¢3) Wrk(health risk) & szt shgic),
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1. =A%

Zdxldo] ¢lxgt 8 =aAMRY evidA S22 e Z2xks (66
W) g udossid dMY, Fd THY 718 730 Uy B2peE &
3}3l od, Hippuric acide} Methyl hippuric acide] chrb4bEe] ®4-2 9)s| 2t
4 8417tF2) dAlx W thagd obH 9:00 Al2] dAlxE A3 slgich.

HE2 222y {7840 5493 2] 2 TFE AW vy
(30%)-g d7dstziod, ¥4 vidzte] {7184 F2Fe] ¥ag dYE 30.5+

9.50 (18-57) A, ¥]| & =2F2 32.21+9,56 (19-5)M&E F21F BF =} sict.

2. 7171 W A=

1) 7}~ A erEA7](Gas—Chromatograph mass selective detector, GC-MS):
Hewlett packard 5971A,USA

2) 7}~ =2 gzatE e 2 (Gas—Chromatograph, GC): Varian 3300, Australia

3) 2Rsls 9N 2ARolE )= ( High Performance Liquid
Chromatograph): Spectra Physics SP8480, USA

4) 7}A =] B F=A(UV-Spectrometer): Varian DMS200, Australia

5) 32 FZ7}(Water bath)

6) ~ls zle}7|(Sample agitator): Supelco Co., USA



7y B2der: SKEC Co., USA(Cat no, 226-01, 6 7Cmm, sorbent:50/100mg)

8) CSz Solution: HPLC-2<} 99,99% Aje}

9) Methy] Ethyl Ketone(MEK), Ethyl Acetate(Ethy! A), Methy! Isobutyl
Ketone(MIBK), Toluene, Butyl Acetate(Butyl A), Ethyl Benzene(Ethyl B),
o-, m—, p~ Xvlene2] RFAlef: 99.99% Aldrich reagent

10) Hippuric acid: Sigma Co,, USA
11) o, @~, p— Methylhippuric acid: Sigma Co., USA

12) zz|olAy! Zl=: Jaffe modified method& %+ A)et

1) 2715 §718Ae AMaxy

AP FY 2 19929 6-7H€f shglond, AR Ao) AH8Y ZIUE A

L5

k

23| 7] (personal air sampler,MSA Co., USA)e} ®RZ2 0.2 1/ming &% ]3]

tlr

A 2EAbge] TEeio) R gch

2] A7k 231, 2F 2 3o partial period consecutive samples
2 A2E Astglon BF FPAF2S 224462(107-322,0=66) ¢ o]girh. =y
Ao} AU 2= 27-28 T olglon, =da Yol 67) A BF 7] AJdE
ZH&3 glsich,

%A% F718A7 2AY ARy B4UT] T T ¢4 UsiiA 24
31717 7hz] -15 Cof A Qg = shgic).



2) 371% w71&A=] ¥

EAY gyEe] Fds doste] Wdvte A2 gvlo] Y o1} ¢
3 mlE WriRbet. olm] A& ulrlE s WAL ¥, A 3=
(Sample Agitator, Supelco. Co.)-& Ahgslod 3027 Lo Fglc),
F2Y 92 1 ulE 7123 E47ie] U2 YFEHo 28] vz &
2] %l abgd-g spgic.
ojmle] 7t2AT ¥47]2 7|7l 22 kg2 Pk
Colunn: GVi, 0,30 umx0.25 mm x50 o
Oven temperature: 40 “Cofl4] 287t §x|§t ¥, 5 “C4] 4-235}od
150 °C 7}#] &®icl.
Injection temperature: 200 °C
Detector temperature: 250 °C
Acquisition mode: Scan mode
Split ratio= 8:1

Mass range: 10 - 200

3) ®718A2] dFEY

2)s} o] 77| 2AE 22 £, 1 ulE 7l zgvtE iz 1) 23
th. ojuf 7}~ ZZulRORjRe 71r]) AL e Zr),
Column: DB1, 0.5 um<0.25 mm<30 m
Oven teamperature: 50 °C

Injection temperature: 200 °C



Detector temperature: 200 °C

Detector: FID

Flow rate Nz : 30 ml/min
Hz ¢ 30 ml/min
Air: 300 ml/min

Split ratio= 20:1

1) F71% EihR7]-8He] W7}

Ay 2agae] 2% ol Exlste A EAlste Y F3kdol

UA=) M2 thE fglolrtgtrte 2771

SEE theyol olstel Agste £ 1

g2

€ 3 #elge tEne Hg
233tx] olulste Aoz shjict

(3l EH2] 385 5,1988),

&, ( Ci/Ty +Ca/T2 +Ca/Ta - - +Ca/Tn )
%) ¢ HeEAe) Arte &4 Bk

T: gpargael A2e] 618 FE

#718A F2Z 9 wZFzIFE tdog YARE Fe|ogH o
(polyethylene bottle)o ol 24 3olell-g Zdslglon, 53] F2F2

e 2 Azl AU AESEE v 2 8zt Fof sl



ojuf phiit Wl v uvhwitd 257 5] LE 208 2)Mdsted 0.45 um
HY filtereol od2}rlg]l ¥, u-Bondapak column U 254 nm 3}#be] HPLCE Ay
M stgict,

2EAMY W 2% vtxtt B o (- + po) HAHTIRA2] B3 figure 12}
=2

2 g7 e MY okxit-g o-,m-,p- Methylhippuric acide] gz 4%

24 s}sict.

6) 34 &4 ¥y

71% MEK, Ethyl benzene, MIBK, Butyl acetate, Xylene2} 3=t 2 27
U AAel wiel Fge] wWolrt Yt AFERY tsdFEEE StA] ¥
t}. 3t} Toluenez}t Ethyl benzene2 sy 2§ 3}gict.

= 2aAzde] 4o doiM del 2 670 dAlel gEle] EH3igicn
2, AL Aelol glolA $LE =S A WHE AHE3igivt

a2z 2 IAY W dAYe) ©E {7184 2 sRo) Ut Aol E
vl £43ke tie viEs Zdo) 2%t Kruskal-Vallis d{ieg sigich

Metabolite Z7dof =t #7]8A) S=zzz v|Bz e vak vEs: [A
off 2]t Mann-Whitney test& stglom, H2Ze| A4 ¥4, Az dAapgel
ut2 =5 8laE Kruskal-Wallis Jd{duag shgich

=yt 2RAMES] dAE Y 8AIT F U thad ofd 9:00A (R ¥ 16
A+ F)of o} Wilcoxon pairs rank test& slglom, §7]84 J& 35 o
2% vlxst ¥ B npxire] FEE plotsled Fdfzie] APEAE 795130

c}.

- ]2 -
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Figure 1,Chronatograss for hippuric acid and methyl hippuric acid in
h and B, Aturine(x20) B:standard solution Ing/alx20),
5,59 pesk(hippurtc acid), 5,62 pesk(O-aethylhippuric
acid), 10,29 peakla-,p- nethylhippuric acid)



N.94+23

1. 72 agopE vefx 3 PE-4(GC-Mass) o] 2|§t 7|3 x|z

#7184 %!

¥

22 Azejold BNED Yk EEERE S50 Tt} DAL, BITE,
48 U 54 2o MHHAMESE e Ytk £E Az oy
2 A4 o 34os WFes F8e 71847 $450) ol Ech

=0 58 5% o 850) ne} Eudes wAsE #7187t 2aatsol
A E2ElE Pl cheAlnl, 44 B2o] Y $A W FYHol nieh 9y

hy

dEHo)x] g A2 tpdelA vtEFHoR aksle], 28 FF W 20
wlet SE22bEH FrEe #F7]1-8AMe] ¥lo] vl o2 HAdolrh.

aejpg £ Aoy 4 ZEAEAA 2 FdHe #7182 A

£ #adstaat sisich f71-2Ae] BUg $13) adMe] viEH] FPHG H=

stod {7]-&A=] 43

(A4g Mlof gt 2 2olE 02 208 HRIUS)

27z 28 ARdedM F2 EEE732 Y §718AM= MEK, Ethyl

248 s}givh(table 1,fig.2-3).

Mz

acetate, Methyl iscbutyl ketone, Toluene, Butyl acetate, Ethyl benzene,

Xyleneo & v}elytrt.



Table 1, Distribution of organic solvents in air of paint products by

gas chromatograph-mass detector.

Paint product

industries

DH15

KS17

Sok1 KS7

MEK=
1-Methoxy—-2-propano!
3-Hydroxy-2-Butanone

2-Methyl pentane
~Methyl pentane
Ethyl acetate:x

Methyl cyclopentane  MIBK:
1-Butanol Toluene::
MIBK Ethyl benzene
Toluene:: Xylenes:

Buty] acetate Xylene

Ethv]l benzene

Xviene

1,3,5-Trimethy] benzene
1,2,3-Trimethyl benzene

Methyl cyclopentane Ethy]l acetatex

1-Butanol 2-Methy1-1-propancl
Cyclchexane 1-Butancl
2-Methylhexane Heptane
3-Methylhexane MIBK:

1,3-Dimethylcyclopentane Toluene::
Isopropyl cvclobutane Butyl acetatex
Heptane 2,3-Dimethyl oxirane
Methy! cyclohexane Ethyl benzenex
Xylenex
2-Ethoxy ethanol acetate

Xylenex

Nonane

Ethyl cyclopentane
Toluene:
2-Methy!l heptane
Butyl acetate
Octane
Ethylbenzenes
Xvlene#

Xylenes

Nonane
1,2,3-Trimethyl benzene
Decane

¥ main organic solvent
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Abundance
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Figure 2. Chromatograms for organic solvent of the air in KS7 paint products industry
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Average of 12.460 to 12.538 min. from ks7.d SUBTRACTED SCALED

Abundance
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: ' e 70 e8 1201 .6 153 t7a 191
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Figure 3., Mass spectra for Ethyl acetate by library search
(4 library standard, B: air sample)



2. 7hx mEvlE Il AFEA(GCHass)of 28t AU Bl Fe)
87184 8
Abe B2F ASUA HAZ ALSEE Qv AE walolth, pelg suj
$dste] 1 ul WFEMrA A §7)2Ae) HEe Pelskivktable

2).
¥ I UAstR 3le #7184 Ethyl benzene, Xylene, Nonane,
Decane o}glt}.
$12] 1.2] Ao} wlas) 2y, dvto] $/3 HEL2 Z2A50AH E=g)
= 24 tablel, ¥& 3 Z)olA MEK, Ethyl acetate, Methyl isobutyl ketone,

Toluene, Butyl acetate, Ethyl benzene, Xyleneo]|glz|ul 4l } -2efofr= 78]

Nonane, Decane°] -FAEjo] {7]-8#le] 40 Fof vhx 2polz} sigic.

3. 7t agetEgz|ze] 2t ¥E57]-5A2 Y

7)-&A 750) s}
23t}

=2 Az Fddois 2zAbgolA F2 B3 Y

[=)
-
4

1

°f table 33} o] FE F7]-&A Al AbE3ted REAFIUE
732 R7EAM BE A (E 1.00 sI7kRen, 482 93.5-

102.3 %, Al 2.8-7,8 % o}glz),



Table 2. Distribution of organic solvents with thinner

in DH3 paint product industry

Urganic solvent

Main organic solvent

Ethyl benzene

Xylene

Xylene

Nonane

Propyl cyclohexane
S.B—Diméthyi octane
3-Ethyl-Z2-methyl heptane
1-Ethyl-2-methyl heptane
2,5,6-Trimethy! decane
4-Methy]l nonane

2-methv] nonane

3-methyl nonane
1,3,5,~Trizethyl bezene
Decane

4-Methyl decane

Ethyl benzene
Xylene
Xylene

Nonane

Decane

- 19 -



Table 3. Recovery and precision of added solvents in air samples

Solvent Standard calibration curve Recoverv Precision
(y=ax+b, r) (%) (%)
Metyl ethy! ketone ¥=11.77x-156.5, r=1.0000 97.6 7.8
Ethyl acetate y=10.17x~211.5, r=0.9998 97.8 5.6
Methyl isobutyl ketone y=19.98x- 5.5, r=1,0000 99.4 4,3
Toluene y=16.70x—- 97 , r=0,9999 93.1 3.1
Butyk acetate y=26.84x+ 33.5, r=1.0000 95.2 3.1
Fthyl benzene y=13,86x-332.5, r=0.99986 102.3 2.8
Xylene y=27.62x+ 32.5, r=0,9995 83.5 5.4

4. B Pl E 22AEe) f71EM 22 3=

HlE Az Fde dAAz) dsd dx EX(eixing)dh F Ao}
(grinding)-& 714 paste®] & M3hE #1%t 2J(thinning) 2¥<do] 3l
2% FA)(refining), M4 24L& $1%t 2A(tinting), 43}, 2 5& 72
grh oleiyt A Ao} HEZL AFe) FUol Fay dgz Az
2t7hg wo) ol-83te AR ik 2ol =4 whAolM F3] F£7o] Us
open tank?} FZ AH2x|A Hr}.
z3 34 = ?i%’—‘%ii ZhE FzelA o) T4 Al & Al A
Mog 2-3 7§ F7de) g shA =Hed, 2] el W FA PALE ALt
2o oggy Egz) otz o) o) R, 2, AA o =AM, 12|a o2t
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Table 4. Results of 7 solvents concentrations in air of paint
products industries by workplace.

Concentration(ppm)

Solvent  Workplace n Mean rank x2-value
Mean SD Min Max

MEK Mixing 27 3.7 13.0 nd 65.9 32.6 0.23
Thinning 11 7.4 17,2 nd 553 36.0
Filling 28 2.5 7.8 nd 39.3 33.0

Ethvl A Mixing 27 9.7 23,4 nd 859 30.3 1.40
Thinning 11 6.2 8.6 nd 22.8 33.8
Filling 28 17.2 36,4 nd 182.2 36.4

MIBK Mixing 27 2.9 4.7 nd 21.4 29.1 3.64
Thimning 11 2.1 2.2 nd 7.8 30.8
Filling 28 5.9 7.9 nd 36.4 38.7

Toluene Mixing 27 20.8 41,9 nd 200.3 25.0 9.62%
Thinning 11 37.8 42.4 6.4 158.0 43.7
Filling 28 32,8 48.6 0.8 260.86 37.5

Butyl! A Mixing 27 1.5 2.9 nd 12.1 27.3 5.40
Thinning 11 3.4 2.7 nd 7.6 41.7
Filling 28 6.2 11.6 nd 51.0 36.2

Ethyl B Mixing 27 3.3 6.2 =nd 28.4 25.7 7. 54%
Thinning 11 6.0 6.1 nd 22.7 38.5
Filling 28 18.5 27.6 nd 98,0 39.0

Xylene Mixing 27 8.4 8.0 nd 28.3 27.2 5.03
Thinning 11 12.4 8.5 0.6 28.6 35.7
Filling 28 21.4 22,3 nd 81,7 38.6

* p<0.05

2 oM Zaabgo) A5 wAY wet 2EUe A o] table 4

oh ol ¥ shsich. ojul Hhe oink Aale, HHe A W =4E, BYLS

- 2] -



o2} k] FAlod st slgich
2o A2 Y, HAY, 23] o3 g YW ZEAbge] 28 5 EMEK,
Ethyl acetate, MIBK, Butyl acetate, Xylene)ol 2}e]7} gigieond, Toluenez}

Ethyl benzene-2 2}o|7} gl sith(p<0.08),

5. 22 AR dA¥de} ulE 2252 f7)8AM EE 5

geluel HMUE ARYE 0d F2Y BAZA) =7 1000474 QA7 9
onf, AldM FEEE 1,0009) o]4Fe] 27F, 100-1,000%1e] 167§, 100]! °]s}z}
95718 vielt glon, A2 oF 50 % o]4do] AriEef §lAls| sict.

2 AFoM e vy AAAE Arizo AR AZAANF 10030 ol Ad
2 37§, 100 1 o3t ki 370 del= AEzlon, AR JAHE Z2AE
e} 7% 2=5= table 52} rt},

A22] MEK 2= 3.8:+11,9(nd-65.9) ppm, Ethyl acetate:= 12.2+
28.3(nd-182.2) ppm, MIBKE: 4.0£6.2(nd-36.4) ppm, Toluene-2 28.71+44.8
{nd-260.6) ppm, Butyl acetatet 3.8+8.0(nd-51.0) ppm, Ethyl benzene2 10.2
+19.7(nd-98.0) ppm, XyleneS 14.6+16.7(nd-81.7) ppm 2.2 Ljepr} Aof wl

e} 22te) 971 8Ao] tiet B2 BEeo] Abo]7} ArH(p<0.05, p<0.001)).



Table 5. Results of 7 solvents concentrations in air by 6 paint

products industries

Concentration(ppm)
Solvent Co. n Mean rank x2-value
Mean Sp Min Max

MEK A 20 1.1 4.9 nd 22.0 28.3 12,87%=
B 16 1.0 2.2 nd 6.4 32.2
C 18 1.8 4.2 nd 13.1 32.0
D 4 17.5 32,2 0.3 B65.9 57.0
E 4 nd - nd - 26.5
F 4 17.7 24.4 nd 55.3 54.3
Total 68 3.8 11.9 nd 65.9
Ethyl A A 20 3.3 8.0 nd 32,0 27.6 9,06
B 16 20.2 45.2 nd 182.2 36.2
C 18 7.4 13.9 nd 51.5 31.5
D 4 22.5 40,6 nd 83.3 37.5
E 4 2.4 3.2 nd 6.8 32.2
F 4 46.1 35.0 8.9 85.9 58.0
Total 66 12,2  28.3 nd 182.2
MIBK A 20 6.7 8.5 nd 36.4 42.7 11,20%
B i6 2.5 3.4 nd 11.5 28,7
C 18 4.5 5.0 nd 13,0 35.4
D 4 1.0 2.1 nd .3 16.6
E 4 1.1 0.7 nd 6.8 27.2
F 4 0.8 0.8 nd 1.9 20.5
Total 66 4.0 6.2 nd 36.4
# ¢ p0.05
ik p<0.001



Cont inged

Concentration( ppin)
Solvent Co. n Mean rank x%-value
Mean Sh Min Max

57.1 0.8 260.6  41.

Toluene A 20 42,0 5 13.00:%
B 16 11.5 8.4 nd 25.4 25.9
C 18 28.4 38.5 0.8 158.0 33.3
D 4 54.3 97.4 1.9 200.3 28.0
E 4 3.4 29.9 nd 7.0 13.5
F 4 33.0 11.4 18.7 45.9 48.6
Total &6 28.7 44.8 nd 260.6
Butyl A A 20 6.4 8.5 nd 32.6 43.3 11.44=%
B 16 4.8 12,5 nd 51.0 32.8
C 18 2.0 2.5 nd 7.6 30.9
b 4 nd - nd - 12.5
E 4 2.1 4,2 nd 8.4 24,2
F 4 i.0 0.8 nd 1.9 29.5
Total 66 3.8 8.0 nd 51.0
Ethyl! B A 20 2.0 28.1 2.0 98.0 3.9  32.27%:
B 16 1.9 1.6 nd 6.8 25.6
C 18 2.8 2.1 0.1 5.4 29.4
D 4 0.4 0.5 nd 1.2 10.8
E 4 2.4 2.3 nd 6.0 24.6
F 4 0.6 0.7 nd 1.6 12.8
Total 66 10.2 19,7 nd 98.0
Xylene A 20 25.9 24.1 1.7 81.7 43.4 13.28%
B 16 9.3 7.0 3.0 29.1 31.4
C 18 i2.5 10,0 0.4 28.6 33.7
D 4 3.4 5.7 nd 12.0 13.3
E 4 10.8 13.2 nd 28.3 27.5
F 4 3.6 4.2 nd 9.1 17.0
Total 66 14.6 1B6.7 nd 81.7
¥ ¢ p<0.05
ki p<0, 001



6. =& AxA] S87718ME HEexs 22E

#7184 6Fo vt 2EabE2] T2 sxof ost 28 Sl
(table 6), 3850 oyt 2782 C1/Ty + C2/Tz2 + C3/Ta -+ Cu/Tn
( CH7)2Ae] zzie] A5 s, T'e2]8Ae) Zzre] HEer )FAel 2|

3Floh( B4, 1988) .

Table 6. Comparison of B companies exceeded TLV of corresponding

solvents

Exposure concentrations / TLV

Companies n
MEK Ethl MIBK Tol Butyl EthylB Xyl Total

A 20 0.01 0,01 0.13 0.42(1) 0.04 0.29 0.26 1.16 (9
B 16 0,01 0.05 0.05 0.12 6.03 0.02 0.09 0,37 (1)

C 18 0.01 0.02 0©.09 0.28(1) 0,01 0.03 0.13 0.57 (4)

D 4 0.01 0.06 0.02 0.54(1) nd nd 0.03 0.66 (1)
E 4 nd 0.01 0.02 0.03 6.01 0.02 0,11 0,21 (O
F 4 90,14 0,12 0.02 0.33 0.0t 0,01 0,04 0,85 (O

Total 66 0.01 0.03 0.08 0.29 ¢.03 0.10 0.15 0.69(15

TLV was caculated with the formula of the TLY of mixture
( Ct/Ty +C2/T2 +C3/Tz - +Cn/Tn )
( )¢ number of exceeded TLY



e} Fr)E Ao 2jgh 23 o2 A, ¢ & DA} Toluene®] E ¥ 5o 2}
zt 17} point B upepykzigr, EYES] 745 table 62] &%fzp o) AAp 9, BA}
1, CA} 4, DA} 1 point® vlelytch, E4Eo] 23t &g S re] X382 & 66

7l point3 15718 <F 23 %2] 2385 =yivh.

7. #1718 F2F A F=Ze vhed Hiotwide] $x vl

2203} UL 28 Azdeld ol A TEagolAE fHY ¥

¢) Zzel or7]12A 2 Llelytrh(table 5),

Table 7. Results of hippuric acid and methylhippuric acid in urine

by group

Concentration{g/g creatinine)
Solvent  Group n Mean rank U-value Z-value
Mean Sh Min Max

Hippuric Exposed 58 0.94 0.65 0.08 2,73 57.75 101.5 -6.75%
acid Control 3¢ Q.16 0,11 0,03 0.42 18.88

Methyl Exposed 58 0.26 0.30 nd 1.29

hippuric Contrel 30 nd - - -

— 26—
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2o A 25 AR shie, sloh Ze § §718A AR sl

2t Z2atgofA ox A AN d%e e 23k

H

ek B FH2E e Adsted F2.722) vlasigith. vtedd Z272) v Ee
Z°) 7tz 0.944+0.65 (0.08-2.73) g/g of creatinine, 0.16+0.11 (0.03- 0.42
) g/g of creatinine2. 2 TAtt=x 2 #F2j3t Ao]r} U2 (p<0.05), oo}
A EZFo) 0.26x0.30(nd-1.29) g/g of creatinine, H|ZEZF2 A&z

¢ 3k Ti(table 7).

8. 2t FAEo] kg Z2AES] 25 vkt o) 55

4, Y 5l 27 9 2o nE Y Fdd 22AE 8% vhwaks
WAotx4te] SR 5 table 83} ),

fxeAb2 E3Fo] 0.751+0.64(0.08-2.73) g/g of creatinine, 2]4 2o}
1.17+0.73(0,30-2.70) g/g of creatinine, *7Ato] 0,99+0.52(0.26~2.45) g/g
of creatinine2 2 FAYH oz F4Y LzzbEe] F2 Fxof 2ojrt gsle
™ (p<0,05), minlxib2 Egto] 0.22+0.25(nd-1.11) g/g of creatinine, ¥4
27o] 0.24%+0.22(0.02-0.60) g/g of creatinine, =#e] 0,31+0,36

(0.01-1.29) g/g of creatinine2. & -7y Ao}zl AArh(p<0.05).



Table 8. Results of hippuric acid and methylhippuric acid in urine

by work place

Concentration{(g/g creatinine)

Metabolite Workplace n Mean rank x2-value
Mean SD  Min Max

Hippuric Mixing 21 0.75 0.64 0.08 2.73 24.26 3.58
acid Thinning 11 1.17 0.73 0.30 2.70 35.23

Filling 26 0.99 0.62 0.26 2.45 31.31

Methyl Mixing 21 0,22 0.25 nd 1.11 27.40 0,57
hippuric Thinning 11 0.24 0.22 0,02 0.60 29,55

acid Filling 26 0.31 0.36 0.01 1.29 31.17

% p<0.05

9. £8 ¥dof u}E 22 9% theitz) dolxite] 5

ER dApdo] uhE ZRAEe] 2% ohxit vEE AAPPL 1010
0.84(0.10-2,73) g/g of creatinine, BA}?} 0.89+0.44(0.21-1.85) g/g of
creatinine, CAF7} 0.71+0.52(0.08-1,93) g/g of creatinine, DA}7} 1.37%+
0.64(0.79-1.92) g/g of creatinine2 & < Hd vix4te] 5+ Abo|7} glsic,

i3] v} e 4H2 AALZY 0,33+£0.36(0.03-1.29) g/g of creatinine, BANZ} 0.24

+0,16(0.05-0.55) g/g of creatinine, CA}7} 0.24+016(E3&E-1.11) g/g of



creatinine, DAFZ} 0.08+0.06(0.02-0.18) g/g of creatinine &2 <dMNHof u}

et Hinkeste] BEE

2o 7} glgith(table 9).

Table 9. Results of hippuric acid and methylhippuric acid in urine

by 4 paint products industries

Concentration(g/g creatinine)

Metabolite Companies n

Mean rank x2-value

Mean SD Min Max

Hippuric A 20 1.10 0.8 0,10 2.73 32.00 4,47
acid B 16 0.89 0.44 0,21 1.85 30.25

C 18 0.71 0.52 0.08 1.93 23.56

Ji] 4 1.37 0.64 0.79 1.92 40.75
Methy! A 20 0.33 0.36 0.03 1.29 32.10 4.13
hippuric B 16 0.24 0.16 0,05 0.55 33.31
acid C 18 0,24 0.33 nd 1.11 25.89

D 4 0.08 0,06 0,02 0,18 17.50
¥ p<0.05

10. 245} 841245 W thad AdAe] 23 shestzd sUvhede) $E MR

23 vhwqt W ookt wpd e} HErb A pe] uiel aE =

— 29 —



73sr-2 vlelyici(table 10).

zte] galztFe] @F vhyp4ib2 0.854-0.51(0.21-1,93) g/g of creatinine
ojnd, th3d ol <YM 94]2] &% vlnte] EEE 0.65+0.47 (0.12-1.68)
g/g of creatinine 2.8 EFdo] 22% 2 F B} 22 F 164)2t0) x|yb t}s

v oolxlef o} 24 27} AEE kg wgdr).

Table 10, Comparison of metabolite in urine of the end and before of

the work shift

Concentration(g/g creatinine)

Metabolite Sawmpling n Z-value
time Mean S.D. Min. Max.

Hippuric end 36 0.85 0.51 0.21 1.93 -2,508%

acid before 36 0.65 0.47 0.12 1.68

Methyl end 36 0.20 0.21 0.00 1,06 -4,988%

hippuric acid before 35 0,04 0.03 0.00 0.12

#*: p<0.01

Aok e A2 2 FE 0,2040.21(0,00-1.06) g/g of creatinine o|™, =g
-2 0.041+0.03 (0.00-0.12) g/g of creatinine 2.2 A oz Gelgt 2lo]
7t R em(p0.01), Ao} F2H F vhdd ol ¥As] el AE B

3
2= glrh(80 % b A).
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1. $7]84 H2 FE % 23 thellz ohilvhwste] FBBAA o9
A PAFE AE 37

g Axd 2Eabge] EFAo) 2 HFg vET 28.7+144.8
(nd - 260.6 ) ppn °]R o, 2AA-Z 14.6416.7(nd-81.7) ppm 2.2 rle}yich
(table 3)., oluf Z&Ea}52] 8% nlxihS 0.94+0.65 (0.08-2.73) g/g of
creatinine, ™A olrx 4k 0.2640.30(nd-1.29) g/g8 of creatinine¢]sit}(table
7).

2} 7iQle] B8 g AR 2% viwate] 2o uyk ARBAE
2o figure 48} Zelh. Edxbol tizh Al #)7] WAL y=0.02079x+494. 2,
S W75 r=0.6468%] FBEA7L sigich.

Yt 2433 HHoke4te] 43375 y=0.01664x+31.6, r<0.7264% &5
Az} okt Kol g2 43 BAE LR TH figure 5).

ojuf oj2ixt HA1]r] WAoo o3} EFR] ¥HEFE 7T B2

o
—
<3

pput] Theit 5 2.57 g/g of creatinine2 8 4% 4 glgond, adA
32%e 7]5& 223 100 ppor] WA ofx4RS 1.89 g/g of creatinineo.2 274

o 4 33ich
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Figure 4, Relationship between the concentration of toluene and urinary

hippuric acid levels corresponding the end of the 8-hr work shift
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sethylhippuric acid levels corresponding the end of the 8-hr work shift
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v i

ke

22 AMEdAM AHEEE Fr71€Me 22 50 ulel Sl olan
sith. 222] S8 & oud &, d7IE £x], oFA] $£3], 2y v, o
2iel 2] S22 has glon, ojof Uit g FRFof ubel AHEEE A
(A7) e A&t

ditde e 24 MUE, ¥ =8, duly HUE, Fuhlide AR
nlE2zje|g, 44, 24 55 sy, 24U st FFD, MIBK, o}
HE, Fd otMelelr, ¢PIE FalEgE vuTLsz]|E, aygd, Pdehl 5
2l ZAW, febg, d3d SR ERE R, MIBK, MEKS, AFAAE 8
Foll, MIBK, 78] ofAMeo]E 55 A&t}

=3t 25e] MAE =YY, 4 54, 282 PEFol ukel Ayt
Sulg A=Ehm, zH QAo] uhel wsberb dEEe] AHEEE #0]-EAE D)e)
AAsheu) ofelgo) gt

R 4] A 88-69%9] 2R IA (A2 62)0f o)t By [ &
A7 g el 2rd e 885k Wt o] MeEle] sioh AdAY 2804
o] EYEo] BA3te A HE X C/Ti + €2/Tz + C3/Tz -+ Ca/Ta ( C:
o) Aze] 54 55, T HEYL] AL #E v Hof sl 4F
b $271 12 228ka] okt Ao g stPrHFsEYe] 885 5,1988),

e fefutebe] oifE AR F47IRdME AAE YRl SAe
Yokl g 2 -gstod M| A VAYsLE Wb oo Hup, =3t B3 {7
Aol thtt HIHE gistod 22aHEoNA FE2ET e 7782 YL P

s9la) oheRo] Frahtt,
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F718A] ¥ WAL Jha AVEHAZ shestel £ AFeIME £4
A 713 TRAEY F2rEol UY R718Ms) 4¥ $£43 sisichtable
D, =% A2 AF) $RY #7184
#ol Fea] ¥7) sistod F2 wol AUET AEHE ot

A2 BEAsigdri(table 2).

L
r
kt
>
wfn
=2
)
I
f
ng
rr
do
N~
o
2
B
td

olmj g ZEaAFAHHM FE2I Ue U F7]EAMIZE MEK, Ethyl
acetate, MIBK, Toluene, Butyl acetate, Ethyl benzene, Xylene o|glond, 14}
of ujagke] MHEcE® l—ButandI, Heptane, Methyl pentane$y, MethylhexanesF,
Nonane, Decane, Trimethyl benzene$-, Propanol$, Methyl cyclohexane, Ethyl
cyclopentane, 2-Ethoxy ethanol acetate S-o] &xjsigic),

At MESe] MR oz =2 Fthyl benzene, Xvlene, Nonane, Decaneo]
Exlslgiemd, v|3o® Propyl cycichexane, 3,6-Dimethyl octane, Ethyl
methy] heptane, Trimethyl decane, 1,3,5,-Trimethy! benzene, Methyl nonane$
8 ¥astn Jdgch

2le} AZoA B p}3k HAEe) =als mineral spiritib vhEele] gk 2
o] i W2 H4E 2 A7 BHEH (petroleun) 5 E2E2] URELE 4
gith. =3] KS72] 23EFole 2-Ethoxy ethanol acetatel =& A|F ABatof 2}
e FHE HE5Ert Ay] F44] 5 peol, ArlFsol ot F50] Fo
He #3EU=zE deiAa slo], AF £ & AZoja Ethylene glycol etherfof
iyt AHg 3 FeEE YR Y A7 Fo FRAY f4stel 7S 2
73 Adelo] oyl Ayt g =Hriste 7o) etwsivta Azl

22AEANH F2 F2E]x 7] &Mt MEK, Ethyl acetate, MIBK,Toluene,
Butyl acetate, Ethyl benzene, Xylene o|iz]q}, AL} €& #Fo) 28 $gd

#7]-24= Ethyl benzene, Xylene, Nonane, Decane o2 Ye| ulepytuh,

- 35



aR2 =82 57 v2u, 571-&A2] St 23 flog Aad
vh. MEK= 17]% (760 mmHg) of# Z£7]|%te} 79.6°C, Ethyl acetate: 77.1°7C,
MIBK}> 118.0°C, Toluene- 110.6°C, Butyl acetatel 118,0°C, Ethyl benzene&
136.2°C, Xylene2 228 =4#lo] 144.4 *C, oe}r} 139.1°C, ule}prb 138.3C
0]l om, Nonane-2 150.8°C, Decane-2 174.1°C(Perry %,1973) & vlehu} A=
Fol ¥ =3 dg2 S71do] w2 4228, 3gsld Z2ake| 354
o 7tz] Edstede ¥ Jehd Hag & 5 33l

28 AMazdolM 2d FHEH2 Z2AER] F2 sl Aozt Vel R
E5A7 ol FAorh. EFAL 24 FHM, o8 AAL 2R &7}
FokrtHtable 4), olg} T2 HA+= F & }
e} wo|7} M2 lew gk =8 MRE A4 o] hES aFJato
2 & 3 Aadol JBEo} BadEle F50) vhdshd, =3 2
Hd eide] dxsr At oleyt AR W 2E o] 2sld 2 &
oji} o] upE FE i ¥¥E FMsiede olulgol Yk AdA
o] §7184 242 3 wro] Ao|7} Hat Yleg, thE 57ta] {7]LAlof ths)
Z7go] wie} Aoz} viehibal ggkrh. 22 dojelel EMAzlE 2% 2
dH o wEa FAMe]dol 2J4t rank testB Ahgs}gichtable 4).

dApdel ke F2 o] Rele {718 750 sl BE gigivt

(table 5). & Al 3 A7 1002 o4, 373 Al2sie] W7y U¢ElE 509!
ol3} AA7E 37} ollrt. 67) UMl ule} 2=abEe] Hz F=rt Ao]r} e}
e A2 =82 Sy ute} oh& AFe] Fatsl, A} opoh 2z obE &
71&Ae] B-EeE Zom, AF JiAde] labutch Apojrt glo] vehd Hzke
“Bzpgich,

2ziB2 2] 3749 Ate] Rubye dAlbe] ulel T2 sE7) Abo]rt e



WAZ glel AR A A7 W 37 Ala8lo] &t <d°i(area)o] Po] Exlst

™ ot 7ha] 454 AMZ YHol 2 open tanke] AHEo] Y2 olHE F 5 U
3

Z2akge] F2 wRof vt 23E2 3% #7)8A2) oty &

®S

+r
7194 312 =5 =y} 9} e 2282 23ivi(table ). ]y Eyrdom
#7187 Gl e 2t dolM, 7182 #U Qo delz {r1gAE 4%
st} EAstde We 2#l7b it ks BHlel oyt oiRE AR
(retention time)o 2]Esled E-g gzt FMsterles ¥ Y& d £
Utk A2 ol FF Ade] "lY £ i {r1EA] 5L W) wgelvh

71-gAMe] w8 w HF A 2B Yok ds) sk

=472 EdE HAHAGENY F AFEY g st 2RAE] F2 vEE

I

@rtstodop ghrh. et mg Mzl {21-8Ale] Hle] RPEMo] 23
B7hey wiofe #d 2dAA F2 AREEI Yt f7]SA2] #ele] Wgs)
o 7t azutErefso] o) gje] 782 frIEA iy HY oz Wol
AHgshe 2ol Mibsich

2R 24d2 25 AzddA 71 Wl FREE f718AM2 Vel
th{table 5), A =R FhurpibE”]l vhedtzl oidobeibE
ACGIH(1992)2] “8-Bstxel x| ®e] 3}tz Udedd gith. o] 5 Exde) Z=5=
o] o5 =8 Alzd 2EAE] AEYHU BUHYE s, 2F =TT
AAof v]Ae =0l Bt ¢lslz H7HE shsich

BANHY H2 2o vt ZUHAL leak?] Mo, #7] o=, 73

™)

A 4oL, A4 7 Bl 24 ¥ BAEoke Y B ¥ Sk
e, Ziile) ¢sls WoHE ield e BEUM BUHYGED g AHEstn

9t 1 ol§EE BEIL MB2 g EYste e £Eold F4d 3g Ul



o4 ogl7) migelvh. & 2] AR, AP 5, 7IYe) Hrle BE, &
71-gAe] B F4e ZEZIE BT W FTRTo| okd, Zide) Ad #E HE

9 Ate] gk et 7)e] frojr),

£ Arojde z2abgel 22 FEol ol o= HEe) AANY F4o)
Etrhex]ol tigh Aglos, Fdolut S5 A W A 1R F5 5ol 3
5 dlo] g F2 gy} viFe Yoz FRel vlasigc

mhxabzl olAnkeA S f718Aol EEsx) Wb 1% Hrh ¥Ay 2
& B3loni(table 7), vdotxat ¥]F 2o HEElx] Ykt

oA BFel2 Fg 4b3lE 213 liver parenchymal cell2] microsomes
ojr 3 #o|sd-g =irk. ojul benzoic acide ool AAHEE= 7MY F
28 Zzlo]jtH{Cohr =,1979). 1&jL} benzoic acide 34180 7% Bz
83 2 (soft drinks), B3] #7lRele] YEM2A o] hasta 3lch(Sugita
£,1988).

£y

< COoN glyelne (Giy) CONNCHCO0N
axtdatton + Nl CH,cool
Lo Jrdaiton —
Flyer liver

toluene benzote acid (DNA) hippuriec acld (HA)

CH CHANI3 ) COOIE
oxidative
breakdown
bacteria In Inteatine

phenyialanine {Phe)

— Metabolic pathway to hippuric acid{Sugita %-,1988)—

=g vhxate] 3lg) e oidzides st WY Lehdy deldlz de o



Walo) Ypd S48 AHY Aol &F vhxite] BE7F 74 Zojdh

T8 B ACGIH(1992) M = uhwite] E4A B2 2§ dste] )
2 #4378 dAsk sivh

A o, n-, p- toluic acidsZ virl2}8L M, 8% 1214z Ayt
(conjugated) 8] 71t frelelo) ofdolxsto g vipdsich el dYojM e 2
Adalo] B Hrh o] S4o) #sirtn Med v jlon, miniwitog
95%7} thAbE th(Sandweyer, 1981).

e FdE dAye) le} 22abEe] 2% vhwst W wHidoixesdte] BEE
atol7t elglont, 715 E8AMe] F3y M def ule} Aelrt glon, 2URBL
Ao wiel £7d3ke] Apolz} iiehyt 22 (table 8,9), 7|5 BFA 3 24e
Hg 527t 2}z 28.7 ppn, 14.6 ppul E 3§ FE 7]Fo] 28.7 %, 14.6 %of
jXE A wEe R 7|0d fdd Aol rizide] ciatab-gel et
2 7]de] atelzg ApEHCL),

e 8 AE R thed obd AdAe] 2% rhedt W WA sleite] =
£ vlasted Lgirh(table 100, thgd obd 2y 1642k Fo nmiundt B2
0.65 g/g of creatinine2 2 =tq] 84J7F F<] 0.85 g/g of creatinine F7¥=
22 felth 2ko}zt byl

HHAD 2 782 dAe] vhAbbEd vhxeibz}t oA vhacake] 9k3ho)
7} 522k ojste av) 2P F8A 2§ Aol wrin shgict. Dossig B
(1984d) = ofigh-80] toluene metabolisme] W3HEHUZ | Hslglon] Srje) B
Fle) B2 % Az vhwdte] Wsierg FEAsisivh w)Fs Anke] ok 9x)of
) 164] 712]2) FxF olxste] BEE 1.641.2 nnol, Thed oby 94 YAk
+ 4.5 mol & Helytend, £ 100 ppat 4Yzt F2A7 AU 25 5&

27 11.8+2.3 mmol, 19,1+4.2 mmol @ Ueh} d]Ez Achol} Zg At



o) 9% uhwate] FE7F oby 941730 g WrlEE HE HoiFn gtk =
g 2-347F ez ERQMe) F2H AFE LE rixile] ¥EE duzx
(histogram) 2 viepyivh. olu) Ze Folz & F2-F vieldizlal, 4dz
100 ppn F2A] 4-7TAZF Fof 7H¢ g2 FHUL 2T, F2 2F KHrl 50
* E2 FEAE Yelth. el 200 ppro 3.5417F FR o= 3AHE 7} 7t
 Ee FAR BRI H2Ee AnAL W sxof ule} vhrxite] uldsl e
dErb vhan, #Ha 4d2ie] A)3e] vtacke Ag 4 4 lsich
Szadkowskl 5(1980)2 whxite] &7t vholut dYof ulet Xieo|7} glglon,
§}% uwlaste) wiZ8ke] wol= benzoic acide] a]sl(control}sle) 0.5-1.1 l/g
o2 vetwten #aX= obdl 64 Rom AR F 22 it}
£ AoM thEd ot vhwate] FE7F o 24 ¥ HE o] F2AE
g} 2oz} viebyt A2 ERAe] gy xwel] 28.7 %o} nllyE AExo) &
ZR2abge] AREAE Ael, vheit #do] Fode] o] Fo)x Dossing 5(1984
W)z o] EFdlel WA ARl F2Y M, vhxate] sHF EEe] ¥
7f 23 obalo) vlad 2 53E vehde ol 71U ZAate &),

al
] oolx4b2 EE2]E 0,2 g/g of creatinineoA thgd oki 0.04 g/g

=Y
Y

of creatinine2 @ 80 % o|4 ]3] Bl ¥AS B}, Dossing (1984
D2 FEFoiM 5B YIHEHE ofgr-go] Ahgslod tiUnhwst vjdof
g nlalcky shgich, dev ZHIE A PsiEYe] d%o] Al WX,
AH chrbzbd Z of 95 27F Y nhw4qto g Mol rhMedonald, 1981). =¥} 5]
Hol colgr zaldle] F4alolx 80-90 %7 tiAlofxate g widSictm spgich
{Sandmeyer, 1981},

J8oz they ol widnlwite] 80 % o]y YA FARIFgOoN B|E=

Aol 222 ekt Ao, 249 tajzigel ofeitt SolH Ao



ojat gtz & 4 9T
pelifel 22 M2old 22Asold SxelE $RA7 2A4Re Sxo
=jsted AMelH M 83 TIAHEES plotstsichfigure 4,5). olul vE

742} uhwat o HAThRA BEE x

ajy

o o) mAlE =5g stgivl. olwal

-

o EFde] Tolzpef iyt = 7] PEAE y=0.02079x+494.2, HPASE
r=0,64688 4 ¥o] glgiend, a4y} WA vlxAS y=0.01664x+31.6, r=0.7264
2 EFR vkwdt Brh g2 A3HAE byl o} 22 2] Szadkowski F
(1980), Cohr “§(1979), Sugita 5(1988), Dossing 5(1984)2] 2]ziof Rap¢ 2
2 A2k 2A¥7] $dao] 23] FFA2] HEFE 7iE FE%F 100ppa
A obx4be] =r = 2,57 g/g of creatinine= & ACGIH(1992)2] 2.5 g/g of
creatinine tjAbibEe] w5 FP2)e} Po] velyon, ZAHRE 100 pper| W
) olwate] %71 1,69 g/g of creatinine2 ® ACGIH(1992)2] 1.5 g/g of
creatinine®] {FAHF 4 E 2t

ohxite] 5= 7jel 22}7} 418lm, styrene, ethyl benzene, benzoic
acide} 2 FETEH 2] cirbahgo] d¥s nld, E5h2] nF o] gk AE
o 4= gl ghrddo] sltkm shgith(Foo E,1988). zedi} WHOLl ACGIH(1992) &=
vlxite]l ERole] tha<) tAMER Fdsta o). vleih2 Fado] iy
Tt ohvlel FF oiabibge] of 80 %E Abalgich

Felikel AghEe] 5418 A3t o] slsted s (Zel4l, HY Azt
el A7t H o Zeht Aztze|e] WEAZE gl So] e dadE HF2
d#lol 2%t benzoic acid ¥ S4-E-F HA At vk B AFodM e 5
W3] AE W 4T AME ndsir] g2 okdlgol A, =2 Az

Zz3

-

rld

g2 B2 sRol tit B {71&Ae] WrkA AA drtEg E431

HH2 Aehat B3] ape]E 2givh
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2 ol vhest B WAvhwste] S5}

J

23] ACGIH(1992)2] BB}~
7tA)%% 2] & (biological exposure indices, BEI) Rt} & 4a]E vL}eluiz]
e g, ALA ZEAECA 3T FFU 55 b A=) )8 obxstoli}
HAvkx4te] B2 A AAREA] g2 Ao Az,

2oz 28 M2y 22282 4EMNH A & AE 7o o8, F
2 555 o2 $43(under estimate value) 02 i @73 mrlr} dojupr]
Ao siyEe], felvel g AR Z2apge] 2gdde] S4R712AF
Az} aidde] HENH YA BEZ vl oA nlxite] XYyt xRl

_?_
21 4 gtz shck
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V.22

28 Mzde] $UR7)EME 2eAEeld FE R8s R718M 4
g "l shgten, ojo] titt A Y PAMdolriel AYVA WIHE st
ch ER 2YR7IEAE Z2ASCIA FEEE vgo] ¥ BRI 249
tAMEE $451 713 B2 sEs 2exbgelA vlals AEH

A s s

A ZBED o} n)AE shEEE Wohelsivh.

1. 28 AH2olM B R7EAF TEASAH 2 Z2E3 Ye 771
2= MEK, Ethyl acetate, MIBK, Toluene, Butyl acetate, Ethyl benzene,

Xylene o]},

2. AZ sfAgel uhE 75 Rr)gAol Ui 22AE] RREFEE BAY

Mog BT aelrt 3 Arh(p0.05).

3. 28 A2Y ZExE] Byrpr] Aol iyt Hexe 22182 66point

2] %4 % 15 point& 23 % o]3it}.

4. 718 F2Ia vHe e vhxite] BEE 27 0.9410.65 g/g of
creatinine, 0.16+£0.11 g/g of creatinine ojglom, HAolx 42 2}2} 0,26+

0.30 g/g of creatinine, 3% o|sitH(p<0,.05),

5. Z2AbEe] 8 A1 AUFY i ok, thaat 2 viyvhedte] BE

— 43—



Ml 2b2t 24 %, 80 XE 7 4srH(p<0.05).

tlr

6, B5P oF njfxitzle] A4TBAE ¥Y=0.02079X+494.2, r=0.6468,
p<0.00122 100 ppn EBFN Fr2] I ptwest 22 2.57 g/g of

creatinine o]glitci.

7. ZAM) 2% vAuvlxite] AP ¥=0.01664X+31.6, r=0.7264,
pK0.00122 100 ppn A B:xA] FHH mlolxst 22 1.69 g/g of

creatinine o|glr},
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Figure g. Chromatograms for organic solvent of the air in DH15 paint products industry
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Average of 21,672 to 21.751 min. from ks7.d SUBTRACTED SCALED

Figure 10, Hass spectra for Hethy] iso butyl ketone by library search
(4 library standard, B¢ air sazple)
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Average of 24.815 to 24.943 min. from ks7.d SUBTRACTED SCALED

Figure 11, Mass spectra for Toluene by library search
(A+ library standard, Bt air sasple)
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Figure 12, Hass spectra for Butyl acetate by library search
(& library standard, Bt air sagple)
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Figure13. Mass spectra for Ethyl benzene by library search

(At 1ibrary standard, B air sample)
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Figure14, Mass spectra for Yylene by library search

(At 1ibrary standard, B: air sample)
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