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— Abstract —

Evaluation of Mixed Organic Solvent Exposures in Painting Plants

Ho Chun Choi, Doe-Suk Oh, Se-Min Oh, Kyou—Chull Chung

Institute of Industrial Health, Korea Industrial Health Association
Industrial Health Research Institute, Korea Industrial Safety Corporartion

The exposure levels of mixed organic solvents for 66 exposed workers in six paint
manufacturing plants were evaluated. In 66 exposed workers and 30 control subjects, we
also determined the concentrations of toluene and xylene metabolites. hippuric acid. (o,
m, and p )methylhippuric acid.

The results were as follow ;

1. Seven organic compounds, which on averge accounted for approximately 90% of the
identified mass in each painting plants air samples, were selected for quantification :
methyl ethyl ketone, ethyl acetate, methvl isobutyl ketone, toluene, butyl acetate, ethyl

benzene, (0”. m , p )xylene.

oo

. The average mixed organic solvent exposure levels in 66 points with workplce were
3.8ppm of MEK, 122ppm of ethyl acetate, 4.0ppm of MIBK, 28.7ppm of toluene,
3.8ppm of butyl acetate, 10.2ppm of ethyl benzene, 14.6ppm of xylene, respectively.

3. For the total 66 points with workplace, the rate of them of which mixed solvents in

air was exceeded th TLV of 1.0 were obtained for 23%{(15/66 point).

4. The concentrations of hippuric acid in urine of exposed group and control were 0.94+

0.65g/g of creatinine, 0.16%£0.11g/g of creatinine, respectively.

5. There was a linear correlation between the end shift hippuric acid acid levels in urine

and exposed toluene in air: y=0.02079 X +494.2, r=0.6488, n=55

y:hippuric acid in urine(mg/g of creatinine), x:toluene levels in air(ppb)

Toluene levels of 100ppm in air have been caculated to hippuric acid of 2.57g/g of

creatinine In urine.
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6. There was a linear correlation between the end shift methylhippuric acid acid levels in
urine and exposed xylene in air: y=0.01664 X +31.6, r=0.7264, n=55
y:methylhippuric acid in urine(mg/g of crea), x:xylene levels in air(ppb)

Xylene levels of 100ppm in air have been caculated to methylhippuric acid of 1.69g/g

of creatinine in urine.
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g AHAFH, 1982). o)y ALEHE {7184
€ 28 Az 35 A4 £F 2 gyA 9
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ubke 4 (hippuric acid)# ZZA @& W ad
B AezodME o Aotk (methyl hippuric
acid)% Z Zechu 3rh. 8 Apostoli T
(1982)# Derosa 5(1985)& #7115 E£Fd3} n}
w39 Fxo & A@8A(r=0.71-0.88)7}
Aok stAh ol st A APFe] Bzl
F71 8o Z2e] o 45zg, 79 2
AW F7F F=v 2 ZF2AEY A4 F5
Holl i@ ALY Aol 2 A0Y Aol

a2y fEvgde BEgRri 8 1%g &
HA g gz BdHoz AMEEE #
71847 FAAdelA] 2wl FA A E§H{7]
L4198 3 8% % (cumulative TLV)ol] i3 7}
Wigo]l Atz H¥HA & U

2HER B dFdHE 4 305 BRI
|4 gRle og BMog siAraznE A
4718 AHE-3t Al89] 90% ol Azl Q)
© 78 ERR78AY FR/E s nx A
o ool AgF BAE FAHAEL vt azvE
I zel ol Y EMIe 2zage Y
FHE, Az JAdel 2 2 3 & vws)
Rew, FR7144 H&F: 7MY (cumul-
ative TLV, &9 s &5, 1988)c] s
HErr 2A&E AEsACE 28 AYer
Agol #7845 7MY Wol #HAFdn e &
FQl# adile] FHNARTER] mhixsta) w A
oabg n&dH AgvEIRZE ZA 8o,
T2AE EFdH adie] F2 vt A4
o X Axe B AEHH ZUHYE 3}
At

o P

1. ZAHHA 8 Z=AIHE

ARG AT LR mEARY NG A

— 178 —
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& 30.5£9.50(18—57) 4, H|E 2L 32.249.56
(19-53)42 F1§ 25 FA4Ach
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AFZddl = 671 HA 25 #87] AAHE 231
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T HEFHAWHE AHE e

24 FAY 2 A dd oE FHolg vz
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g #7184 E2FH ¥ ER2F Y RE Man-
n-Whitney test® %t}
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{Table 1).

I AR E8 AZRYM F2 E2du Qe
7184+ MEK, Ethyl acetate, Methyl isobutyl
ketone, Toluene, Butyl acetate, Ethyl benzene,
Xyleneo. 2 L}ElSITE

2 XY ZFYol WE 22AES R]IISH
2 3

A

HJAE Az2FRF L AAA 9} A8 E WA &
& ¥ Avh{grinding) & A A pasted] Y= A58
A% A 2ol Aok, 1F AA (refining),
4 23& 913 =M (tinting), 93, TA 5&
AXA Eoh. ¥ GAe A48 0g e 37
AX o] FH, AUYRME Fig 13 go] £ F
&t

T} At AYn=27)E, HY& A ¢ =
A(n=11)&, EZ(n=28)2 A3 g ¥ 33
Aok Y FAYE 22AEY YT T2EE W
#1e= MEK7} 2.5—7.4ppm, Ethyl acetate
6.2-17 2ppm, MIBK 2.1-59ppm, Butyl acetate
1.56.2ppm, Xylene 84-214ppmo.2 FAHE ¥ &
ztol7b 1129, Toluene 20.8-37.8ppm, Ethyl
benzene 3.3-186ppm .2 o]z} AATH(p<0.05)

3. £E8 MX gAY mE 228 /7|
2Y E2 s

FEUE HJE AxYL 91d B3I BA=
Abell 2 A 100997) A4 7F slon, AR F2E
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Teble 1. Distribution of organic solvents in air of painting plants by gas chromatograph-mass detector.

Painting Plants

DH 15 KS 17 Sok 1 KS7
2-Methyl pentane MEK Methyl cyclopentane Ethyl acetate’
3-Methyl pentane 1-Methoxy-2-propanol 1-Butanol 2-Methy!-1-propanol
Ethyl acetate’ 3-Hydroxy-2-Butanone Cyclohexane 1-Butanol
Methy! cyclopentane MIBK" 2-Methylhexane Heptane
1-Butanol Toluene’ 3-Methylhexane MIBK’

MIBK Ethyl benzene 1,3-Dimethylcyclopentane Toluene’
Toluene’ Xylene’ Isopropyl cyclobutane Butyl acetate’
Butyl acetate Xylene Heptane 2.3-Dimethyl oxirane

Ethyl benzene

Xylene

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

Methyl cyclohexane Ethyl benzene’

Ethyl cyclopentane Xylene
Toluene’ 2-Ethoxy ethanol acetate
2-Methyl heptane

Butyl acetate

Xylene'
Nonane
Octane

Ethylbenzene’

Xylene’

Xylene’

Nonane

1.2,3-Trimethyl benzene

Decane

“main organic solvent

40

Concentration(ppm)
0o
S
4

Work place

Ethyl

Acetate

MIBK  Toluene

i, IS

Ethyl

Benzene

Butyl

Acetate

Solvent

SN .
NN mixing

- thinning filling

Fig. 1. Mean exposure of 7 Solvents in air of paint plants by workplace.

21,0002 o}del 27,
1009] 137t 95702 YEpg lem, fiAe] o

100—1,000%1°] 1674,

50% ol/del A7 1xol A& Ut

2 AFolME i AMgEE A7 =l fAE

A z2PAF 10020 ©)F AHdd 370, 10020 ol 3}
AR 3INE A9z EHEsg e, Ax dAdE
ZEARE H7 E2yso I TRE Fig2st
Zt}, MEK #E¥ 3.8+11.9(nd—65.9)ppm, Et-
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Fig. 2. Mean exposure for each solvent by plants.
Table 2. Comparison of 6 companies exceeded TLV (zf corresponding solvents
. Exposure concentrations/TLV
Companies  n
MEK Ethl MIBK Tol Butyl EthylB Xyl Total
A 20 0.01 0.01 013 0.42(1) 0.04 0.29 0.26 1.16(9)
B 16 0.01 0.05 0.05 0.12 0.03 0.02 0.09 0.37(1)
C 18 0.01 0.02 0.09 0.28(1) 0.01 0.03 013 0.57(4)
D 4 0.01 0.06 0.02 (.54(1) nd nd 0.03 0.66(1)
E 4 nd 0.01 0.02 0.03 0.01 0.02 0.11 0.21(0)
F 4 0.14 0.12 0.02 0.33 0.01 0.01 0.04 0.65(0)
Total 66 0.01 0.03 0.08 0.29 0.03 0.10 0.15 0.69(15)

TLV was caculated with the formula of the TLV of mixture

(C/Ti+Ce/T2+Cs/ T+ +Co/Th)
( ):number of exceeded TLV

hyl acetatex- 12.2+28. 3(nd—182. 2)ppm, MIBK
+ 4.0£6.2(nd—36.4)ppm, TolueneS 28,7144,
8(nd—260. 6 )ppm, Butyl acetatet 3.818.0(nd—
51.0)ppm, Ethyl benzene& 10.22%19.7{nd—98.
0)ppm, Xylene€ 14.6116.7(nd—81.7)ppmo.2
vety Ao met Zzte] {1 gAle g 2
2 ¥re zojrt HHp<0.05).

4. =8 HZYH2 SEFIIBHYE HBsE
EL

7184 65 g 2B E2 FLd
g 23485 AHEAHTable 2). 385500
o 2382 C/Ti+Co/Te4+Co/Tu o+ +Co/ T
(Cofr71 848 2H2te) ZRFx, T:H7849
717t H{Fx )T JASAG (TR,
1988). &Y f71&A T 23 e A C
4 DA} Toluened) F&%F o Z+zt 17) point

% o

U
—
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2 JepdA e, E3Ee 4§ ALY, BAML, C
A} 4, DA} 1 pointE Yebsth EFE] ¢% &
2 559 A& % 6670 point F 15702 oF
23%¢ 27&& HATH

5. #7I18H X222 ¥ HIE2T9| Oi=iiy
HAotzite] SE H|D

EFd3 4L 28 AZUNN Bo] AL
9 Z2A5dAE 7MY ®ol E2HE /74
A2 vepg, 590 2 A AAMY FI
HARME S £43817] 98t 24 dARE &4
ALy "o ol AYole)ldE FHdHUoH,
ZzF9 8% #HY AA MY HEES ¥
1 2 8AIZE Foll A FHE AT

ojmf w4t & Wl whihE B3] Y3
88 2080 A8t 0.45m HV filterdll o 32
7V &, ux-Bondapak column ¥ 254nm 739
HPLCZ AZEAsAT & dAFdAMe v
a3 Abg o7, m, p° Methylhippuric acid®] &
2 AFEA st

Zg 7o vERFo] 242 0.9410.65(0.08—
2.73)g/g of creatinine, 0.161+0.11(0.03--0.42)
g/g of creatinine®.2 BAEH 2 Fo§ o]
7h A28 (p<0.05), WM ArteitE Z25to] 0.

26+0.30(nd-1.29)g/g of creatinine, H|E2F &
HE=HA ¥%HTable 3).

6. Zig] 8AIZME 3 CHE'E ARiNe| 2F Ot
£43 oifokzitel S H|R

8% vt 2 oot dFe FE}
AlIZHY Wsle] wel Zase A%E JeEldg
{Table 4).

Zte] BAITEFS 8 F vh At 0.85+0.51(0. 21
—1.93)g/g of creatinineol®, &g olA &
A oA 8% wlnite] X 0.6540.47(0.12
—1.68)g/g of creatinine2. 2 EFdo] Zgg 2
A¥E Hot F2F 1643te] A thgd op3lel
oF 24%7F FAHE AY¥E B

WAk Ae ZAPE 0.2040.21(0.00—1.06)
g/g of creatinine®]™, 2] H-& 0.04+0.03(0.00
~0.12)g/g of creatinine2 2 A &Ho g H2
3 #olzl USlen(p<0.0l), A Zz g
F oed ofd A3 ZadHe AE B 4 9d
(80% #HA).

Table 3. 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 SD Min Max
Hippurnic Exposed 58 094 0.65 0.08 273 57.75 101.5 6.75
acid Control 30 0.16 0.11 0.03 042 18.88
Methyl Exposed 58 0.26 0.30 nd 1.29
hippuric Control 30 nd - -
acid
*:p<0.05, Mann-Whitney test
Table 4. Comparison of metabolite in urine of the end and before of the work shift
Metabolite San.\pling . Concentration(g/g cre?atinine) Zovalue
time Mean S.D. Min . Max.
Hippuric end 36 0.85 0.51 0.21 1.93 -2.608
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 36 0.04 0.03 0.00 0.12

*.p<0.01, Wilcoxon pairs rank test
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Fig. 3. Relationship between the concentration of toluene
and urinary hippuric acid levels corresponding the

end of the 8-hr workshift

7. #718H 2 sk ¥ RF Okttt o3
Db ite] AHEAIO 2/3 MESHH ZAlS
= XE F3

T8 AzY 22AEY &7 249 A7
FEE 28.7144.8(nd-260.6)ppmol Slem, =4
WL 14.6116.7(nd-81.7)ppm e 2 YEILTE o]
o ZRAES 8F vlkite 0.9440.65(0.08—
2.73)g/g of creatinine, ™ &7 he 0.2640.30
(ng—1.29)g/g of creatinine®l 2t}

7zt Ao B4 e AYPF 2F vik
o) Fxo] dig AuRAE 2Y Fig 3% #

FAzte] g 24 37 HAAHE y=
0.02079X +494.2, A FE r=0.6468%
FAZE A}

y
0

T AdRTG o Anp o] ARaAe y=0.
01664 X +31.6, r=0.7264% EFA3} vt &
t} e AA#AAE el thFig. 4).

oluf olejgt 3|7 WA o3 EFA9
Feex 7|E Z2Z 100ppmA] vhke4l Fri

2.57g/g of creatinine2 g FAFE 4 gldon,
AYdAL AL ¥ E 7]E FEF 100ppmA] W et
LA 1.69g/g of creatinineL. 2 FHE & U

o},
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Fig. 4. Relationship between the concentration of Xylene
and urinary methylhippuric acid levels correspon

ding the end of the 8-hr workshift
I -
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o 3 =8 FFo we AFSEHE SN (A
7} @& A8t

dutdo gy 2% HJIE LA &8, ¥vFE
HAJNE, Zuhide IAA2 oddasgE,
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d, MIBK, oM E, H& ol HolE, ¥4I E F
A LgE vdEgadE, 249, g7 #4
= a4, 2eg, divd FAR8e BF
o, MIBK, MEK %, o &A A& %<, MIB-
K, $4 olHeolE & AM§-gtr}h

3 cae JaAe 23N, £1 54, £
g9 A% ol wel ¥ gujg ddsy, 7
GAel wet w97t Y AMREE {718
AE vlg ¢ysted ofzl-go] B

=ER 1A A 88—69% 9 FHEFEE BA(A2
2 63x)el o3t BF 71847 HAAHE 24
Aol 545 % Hrt Wyol MeEe] Uk =Y
Y 2Fo)43el EfpEol EAEe B L B

B C/Ti+C/TotCo/Ti e +C/TH(C: 33 E R
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o} Z4zte] 24 &, T:38EH 7179 3&
Fr)do ofs st F£X7F 1€ 2AHA o}
Ugte ez A FAEZY 3HEFxE,
1988).

222489 g Jd 2 g dste 3
YA BfHoz 27 Ue FAEHY 4
8L o¢ Fad a2y v d
22 AA8H SFBAME Az BE/7]
449 HrH e HE3td] AU APdHAY
Vg sl dol At

718418 A& AL vbx FAFEAVIZ 7}
3o B dFdAMe ¢4 dA¥ 71F 224
g9 Zagxo dig fr1&Ae 4R EME
B THTable 1). old F2 S2AENA F=
Hi J& de 718425 MEK, Ethyl aceta-
te, MIBK, Toluene, Butyl acetate, Ethyl benzene,
Xyleneol$l oW, 1yte] uwjdg JE o2 1-Butan-
ol, Heptane, Methyl pentane#, Methylhexane,
Nonane, Decane, Trimethyl benzene¥, Propanol
5, Methyl cyclohexane, Ethyl cyclopentane,
2-Ethoxy ethanol acetate §°] &3 &l

A9 AR A HE vF JEY EAle =8
SAEZ davt 67 olsd] AERF, &EFHF, of
Aol ER, WAE WS 31382 mineral spi-
ritth VI ERS] €4 A o] ohh W AR 2 A
# 388 A {petroleum)3 BB IRELT ¥
gata k. 53] KS7¢9] 4 &5l 2-Ethox-
y ethanol acetatet =8 HMF Aito] AlEEHE
Eds sE&¥=rt A9 F44 Sppme g, A4
F5o 9% FEo| Fose FAHERE ¢olA
Ael, ¥ =8 AZFo| A Ethylene glycol ether
Foll & A8 2 Z2He Axd @ A4
Zo AFAY Bt 71E9] AAEA el
3 H3ARE FGriste Aol st Az
o

Aol a}& Z2 FT 9 Aole K7 EA T
o digted 2% AURFig. 2). =8 HA = 3
AA 7L 1009 o, FAH Alz=do]l 2 <y e
501 o1&t A7t 370 oIk 671 Ao et
225 %2 57t Ao|7h vl A
=89 §xdd wel T AFo AiEn, 3

AL vith Zb7h thE {1 8A 9 JEHE Zdon,
AF Aol HApuih Aolrt 9lo] yeld 2
#2 4gdrd.

adzz Zg FFE o] Hue A
wet 2 Frvt Zolvt e R e} e
Z8AZ AAH 4AH FAld T4 A2go]
& 9 (area)oll 2ol EA3H, o}A AR 54
Az ol 213 open tank®] At 7 §F 7o)
F718A 9 gaitol A& FAHE Aolrt HE o
& & & A

Zzage Zz FEo i x3ge =g
F71 849 Hrhga gdd 57184 88 55
Bt Bk B 27%&E HAGTable 2). &%
Ho g f718A 7 HAHE APFAA, 714
Aol &1 gle) dojg fr18AE MAsle B
Natede B ZAde o 7tx zgntg
agEe] B 5 Al ZH retention time)o| 9| F3td]
2Ag #A3d Eoslede €S Fes o
F Aok 2L T2 E Al #AdE £ e F
71449 FHE B7] WEolt. ne BF
F71 849 B8 ¥ HF AAEY FAJEE H
7HA B3 7A@ BAv2 EEE #8(HA
2§ ¥ AY EMsld 22489 2
g @ristedel g}

E2d3 adae oig ARG 7P Bol
ZzdE #7842 Jeldd(Fig 2). €4
3 FdAe] FHWARIES vhaits o Hejx
AHe ACGIH(1992)¢] A E8HQA 79 vtz
A#H A Yok o F EFo] E2HE Ao o)
=8 Az 289 42 RUHY S
o, 71% Fx7t A nRe A @3 9
= H7rE sk

B4 g Fro 3 RYUEY L leak
9] Ao, B7] H2AE, {3 A3 3, 944
ML 3 =4 4 B33 7HE AT - F
Mg T ghded, Al HE YoE A3
Me AEFHQA RUEY(BEDE A3t
1 olfEe BEI= ¥ ERTFES XA &
FEAN FF4H ¥ UEHE 5 A7) @0
% 2 245, 3PN 25, /MY #7)
T AR, #7849 J% F45 TH71E 59

X
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g Fawo] ohd, AU Y BE WS L A
Holl % M3 s)Fe Fold

2 A7 e AN 22459 X2 F
ol da] o= Fxze] AAW F+7t vhEheA
of g Yoz, Fdolv 5 g 2 YA
¥ F55d #% £/ dlol d¢ =2 o
H %S Jdog 73 v

Zz ol olkity o dAniite] FrE b
Z3 g 5o ¥A43] & @& JeEW o (Table
3), lAvRAE v Eg oA HaEA 4%
t}.

A3 of] A F2 stz Add liver
parenchymal cell®] microsomesoll A F& #Ho]#
S "}, o]u benzoic acide Mol Aol A A
Hge 71d 88 &dolthHCohr &, 1979). 1
i} benzoic acidv &8 &f¥ E4dz2 =
A F (soft drinks}, 53] A7tz 2] L5424
Bol g3t AvH Sugita &, 1988). E&F vl
kol 9ot e it go s st #Hd g}
Wn e g dlo] #td 48 A
FHE Aol 8% vhwste] wxvt Z718 Aojr).
23122 ACGIH(1992)dl A+ vhindbe] X4
HE2 gzag dAste va EAs1E A%
g lroh

AYAE o
AH, 8% 284
g|Eo] Wduliitog

E9de

.m , p toluic acids® Al A L
13} A8 conjugated ) ¥ At

AT QR 49
N AddAC] E5 B} o FAo] Zajr
1 Agd dtx don, waArtuito g 95%7t
) A€l TH( Sandmeyer, 1981).

e AT Thd obH AYdAY 8% vk
A g o eikste] g vludtd Bk
(Table 4). th&d o3 24 16413+ $-9] vhxst
FET 0.65g/g of creatinine®.2 3¢ 847 &
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