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Study on the Skin Absorption Velocity of

the Organic Solvents

Kim, Hyeon Yeong., Yu, I. J., Chung, Y. H., Moon, Y. H.

Industrial Health Research Institute
Korea Industrial Safety Coporation

34-4, Kusan-Dong, Bupyung-ku, Inchon-Si, 403-120, Korea

- Abstract -

The penetrating speeds of organic solvents into the skin were measured
utilizing Nude mouses(Crl:SKH-hrBR) and diffusion cell methods and measuring

internal residues of the organic solvents. The results were as follows:

1. The penetrating speeds of toluene, m-xylene, MEK, MIBK, ethanol,
iso-propyl alcohol and 2-bromopropane into the skin were 0.4832
mg/cu’/h, 0.1738 mg/cn’/h, 1.124 me/cw’/h, 0.6627 mg/ca’/h, 1.747
mg/cmz/h, 1.359 mg/cm’/h, and 2-bromopropane 4.165 mg/cm’/h

respectively,



The penetrating speeds of the mixtures of two, toluene and
m-xylene, the mixture of three, IPA, ethyle acetate, and MIBK, the
mixture of five, toluene, m-xylene, iso-propyl alcohol(IPA), ethyl
acetate(E.A), and methyl isobuthyl ketone(MIBK) were 0.172

mg/cmz/h, 1.431 mg/cmz/h, and 2.983 mg/cmz/h respectively.

The absorption speeds of 2-bromopropane and styrene which were
measured by in vivo processes were 3.12 mg/cmz/h and 1.44 mg/cmz/h
respectively. The absorption speed of 2-bromopane mesured in vivo

was 74.9% of that measuréd by in vitro methods, 4.165 mg/cm’/h.

As single solvents, the penetrating speeds of alcohol group was
the highest, Ester group was the second, and the aromatic compound
group was the third, indicating that the more the solvents were
soluble into water, the faster the solvents penetrated into skin,
with the exception of the case of 2-bromopropane. In the case of
the mixture of organic solvents of same line, the penetration
occured according to the penetrating speeds of the individual
organic solvents and no increase in the penrating speeds was
observed. However, in the case of the mixture of organic solvents
of different polarities and physicochemical properties, the
penetrating speeds were elevated and also the amount of solvents

penetrated into skin was increased.



Fuzoly ZEAES HUBY T4 AL XS BT AVS(BRE) A=
o T YT Fe Fu(ME) F4AL, Yo HEe FF(ED) F4A4E 5 TA 342
& B3l Aol S5 FASUL) AL o2 slel 24F ARG YoFIE W},
OlEF 2B YU UEere] % A7 H=2ol 3 AU MBS Yoz Rye
Aol o3l Y EEE oo BAY A R fuldol T AFE ol Hol Yo
U R37kAE A AAEE, R718A NIBY, HULE wuTY S 89 By
BAg Az, Agshe AYBAoIN TEAEY NNEY F4AZ(ZU} AREEES)0)
o Az LA wFhE S FE8] Laslo] 2E HAEYY AP AT W A
Bl WY ARE WfS £EY Ao|rt.
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=35 A7 F4e T4 FAE oPAY AZ(BO)U 7% A2 (BREBER)L 2
sfatzale] H4ol WE A 3¥E A w72 Boie FEFSE A S227F D
zag H2Y BHo| ohls] ulFel A gaaro] tiAE Ad 2F3| HFH ATHL
= &4 Urh

Sy oA A8 e A= g3 2de) E2Y F97t o wEe &
2te] mE7t Sl AW AE HIAE 2 =3 1§ T4 2 A¥EHE
AU §718AE o8 wx ABHY, U= =aratey], ARA AHEEY, VTR,
HATASAN FAGl 2% ie] R A AU A AAM AE T FF
g A YeF & HRelth

zAel 3RIEA VR FF ATE HRES syl gj2zdto|ut eretEotold F52 §el
gzt w3}, WA, ZANSY R A8 So| 2 @7 o] $oih(Dugard, 1977. Zatz,
1985 5) H2 AABAl Aol HFF5 AnAs, F5ue] Wt § AHSorIA

o2

:\l
ol

trrt @37t AWH 2 ek 53 sperEae] Al F5E Fold TR-Feol A% A

ARE s ol 2= HWA ge me @A Rolx drh  1984d u] =2l
Brom$e 2450 EHEA A= 3ubd 87183 (Toluene, Styrene, Ethylbenzene) 2]
Brgs A AFA BF FAATS olg 224 M3, 4, B&F AF FT £
Aol WE AZ(Kg)F HABE w2y A3 FE Hio] 2 Aol AUl BA SRR
o] 29-91 %(BF 64 %) X Bt AT KeT Aj2]5E2 0.002 mg/Kg-0.18 mg/Ke(B< 0.03
ng/Kg)olghe AtdE WU AF7HA Ay F4adol za BrIEAA RS A APt
el SRS 2o feEE FAE AT sgae A4 Bat ofyzt By FFol g
zeas oA ARY Yart Aok B 3t tHBrown , 1984).

O¥F e AFHLeE 19874 Maibach &% PR e I 3%l Nitroaniline, Benzene,
PCBSo] 49 = B8 IYE FH B4EE B4l s A7 F42cto] whE
Az gsje] ExdE R (Maibach F, 1987)3t= 5 SsiEde A9 F4 oiste] W
e #Ne ZA stolch

Wieczorek(1985)= Atgtel #7184 HEAHA I¥=2 wEe] 4B TEFIIETH
o Zaarg el #7184 4 &2t A ar4x 223 Fy F4As % 5=
e negy 508 ¥ F4&E d7Y 2 nEs REe F4Pe AN FFYS
0.1-5 %2=Zof sj Tl P, Tsurutas Nude mouseS o] Aol A¥ FFF

_.4_



2 TFVIEFEHS E4FE F7184 SR whel xtole ot ZFu] F4ako] AN T
T 5-11 %ol s Ttz stP oo (Tsuruta’s.1986), 2IoIE AHPFE S o] &5}
IR FrEE U T4 ARHE 913 JFeHTsurutas. 1984, 1987, 1989, 1996) A}
@l AFF ol 83l EFA F RUISAHFE FHOE T A4 HUYEA o ypES
AdF(Daniell, 1992. Ursin, 1995)&o] &3] A3 g3 gic},

ACGIH(American Conference of Governmental Industrial Hygienist)o|A% 83}l ¢] A
BB =&71F "ol glo] UFFY 324 J48a MEEST} Solstn nEEHS
2 fralgol e Edol “Skin”EAIE st F71F = FHsl] T2Ab waAlbE
Shebshe e $Esn ABUH RUHIAT WAstd DRE5ol iyt o wug Aslob
i Wasia glch

wtetd] AdFARAY L “FAELY AL (FFLA A91-213) FHANE TEF
T7b A3 Frol 23 Raldol B o HJA™ Eof ois) “Skin” EAj7} Hojglo
W 1 EFW4E Acetonitrileg X3} 704 F o] o231 o3t BAL Hutzt ¥ 1an
ZUALoE FoEol AUYVE dods Ut BUSE(VEAIH L F3t= Ro] oy,
Bu Foll iyt f3jdo] Agsxol LS UYgtens Ay F4S oYsts] st 3
Y chMo] ZFyEojo}l Yt Yl YUrHFHE, 1991).

Grandjean $-& A7 17712 2] 81855 WE AT 3 27552 S4B Ao] 3% F4o} B
d glen ol&F I/IFolA IEFF Gyl tidt FFH AL Ul Q& e
< 76%0 o]Ec}il 3} tHGrandjean, 1988).

ot oY ARES B u HAEAL F5 Bl dojA IE F4I £ol¥ {3
8 =39 B¥ A= R A F4%e] 2ol Wasty o|F 9lsf o) i z|x|¢)
< AF 771 8A T tiste] 3 AL F4YE dFsial sigol. A@EEdzs
96 E 2P {I1-8A HIUeNRAL B (PFAGRHAFTE, 1996)F Folo] MY
<E2AREY #7184 A3 R AGVE delet AR =32 FHNA wo] Algsh=
HAEY =82 ANA(RI]EAF) 5 A Tt AP0l Y BEAUS Mg MY
st oo dEFE2 Nude mouse(Crl:SKH-hrBR)E ©]§3to B¥ F3} U F44Ee T4
T dFstadch '

i)



2. A3 KA

etEA L I]B F4 A7 AT L TPt A AN ¥R F5 "3t 1|
Hojle] G314 % L o] wabyd 5 obEyel By AP AFE FHoE WS A7
7} Eo} o} satEAe) I F44E W F4o] VY AP FF A= vi & F
o] Holyrt. U AldAoldE HAEAL ciPo R AL HIFse Bt wen,
gz 2Bl wpet 22ate] A= FAHEL F42 3l ARR
7} oleh. whebd olel MUl E4 JHsRel BIIE AL T A% F4F B o
gl ASo] metds 2ALBA FEe] =& L UEAL FFo] wE FFol tAAME
Fard Wrle] Wado| AZE ik HZ MF Fake] Ao dlo] F718AY BF
olut AN MRS FE L F47t AA AU F5EY 0.1-5%FF(Wieczorek, 1985)
of ol APT|A HIlME ole] :st Wesitin A HsHHH, ACGIHY TLVAME
Acetonitrileg E¥sto] 700dFe] BB o] tiz) A3 F4E oYyl AT HAHY of
g 7Fsteiol Y& A Hsta rk
oield 2 AT §718AE I AGBAANA TEAEY /I8 NFHH
o] 23t T F4ape] Fay WS gl ofF Y F4LEI WHAA UL HHUEE
s34 2HQGe £32YA Yol AMEEE HWdol ZY RVIEAFE AHELR o
AHSEQ Nude mouseS o]§, Hardzt A 22 FF Yol A3 K718 BF F
H459 T4EESS ATt S718AS HIshe AABA A MRHFHo] AT A
B4 7Msae B A ARz B8 stax Uk

oN
i
iﬁ
.
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II. 2% % 9y

1. Ag&=4

2498 ERZHAA gol AMgIhe HUEY 89 M F(2MY §7]8A)
AHERIAE, 1996) Hididol At AMg o] W RII8AE FAULE sto MA ston
AP EZHEE Toluene, m-Xylene, Isopropyl Alcohol, Ethyl alcohol, Ethyl acetate,
555 AH83tad

% olg %y

Buthyl acetate, Methyl ethyl ketone, Methyl isobuthyl ketone?] A]<t
o 5E3R718AH Z9 ol Y EAES A u|&E SHI Yy

F718A8 AHELR AHg3tcCh

o]

2. d¥5=

ANEEEY IF F3 AES A vFe] AN 9 2 dYolN A3t 3 §¥Ez} AY
X In vitro AJH7o] o] golsti, FF-F4 AU In vive AHolA AEFEL
Aol F49 AIHELS] F4¥E FH37] s3] 559 UL U5 Esie A=
E A A3 AFo] 7Y nouseR MEFIHon, FI1EA WY F5ANEE 3 @
o] A}8-5]+= 43 Nude mouse(Crl:SKH-hrBR)& u]=* Charles RiverAl® g relslgdon
EYAl 22 10-115Y0]H FAL 3313 g o] drt



1) 3% FHEHE(In vitroy) F7%

EEe] BET 2y M2 A3 1]RE il cello] Y F AYELY] ¥F T
g 2L g iAo stglon NPT TsurutaZt 71Ut Hat cellP ¥
B =k Al@ A (Fig. 1 FR)E ol &sigirh
Ado] A}2S T3 1053 Mude mouse(Crl:SKH-hrBR)S] ¥+ Zd3 3P & ¥ F
¥ioj] 22y WA U YBES 2l AA A7, GFlE Tdol WF-E BU] HA
AFANF AT
R Eaada] ¥Re] A71E WA 18 wndd HEZE O-ringg o8 &HHA(a
_cyanocacrylate)2 WA 3 ZAZF I ¥ol FHH N7 BAL PE(E 30, ¥l 7
wn)oS s A2Y ES O-ringol FES FFY 2FAY F In vitroA|E §71
cellofl Z2A|ZITEH
aa3 ABEAY ¥R B3} F4Ae AelAa4(NaCl 0.9 % RAFFAFNHDE
A5 cell?] &3 14.5 cc® AH3] cellol Yol BT I Fo UREAA sta B2
Z1€}A] 8 7] (Bio-shaker, BR-30LF)& o4 A1¥7] ui2] 2%=71 36.5 TR ¥2o] & w71A]
%24 Atk
% cell W Faoje] 25 Wil wiel T Re F4ode] WA = NI YeAE H
Q3 AJUIIN LE7} ARG Al 439 36.5 TR ¥2o] HF AEE AZ(/718A)
0.5 ccS cell Aol 23IaL FA] s 83| WRVF, #7847 WF&E FH3}A
Faolgl Algso] 2 Bat 5l £F chamberd F2AYAE ©18(90 rpn $&) AL ZAzpd

f718A9 Y FAFE FRU



2 AMEEA 2 241 FF AZPER(2, 3, 4, 5 641%) ZHSIY F4H £
& 0.2 4t ] samplingslo] G.CE ©]-§ F3d AEEAY =& FUch

b S718A2 v§ FAE A[ZAE A @ ERo] th3] 6.CE Calibration 3} A|ge] &
£1& 4AES ¥l

Y, A 29| sampling2 AP A A Z (o, 582H7) sampling Y5 AUEF 6.CY
retention timeg ZFsl A TH FU Ao £40] /M ES EM2AS AF UL

X

- Glass stopper

.Upper chamber
y .

Fixing apparatus Sample

Teflon x /s
o-ring M\%-

4 Byton o-ring
/‘

Lower chamber-—-~~

Fig. 1. Scheme of the glass diffusion cell



) AEEA A%

ABEde] Fare FIDY A&77F F3Hd Gas chromatograph® o] & slgon 24 2
otef e} k.

flo

G.C Model : HEWLETT PACKARD 5890(Series II Plus)

Detector : FID(Flame Ionization Detector)

Column : HP-1(Crosslinked Methyl Silicone Gum, 0.32 m/m, 0.52 /m, 25 m)
Oven temp. : 80 T

Injection temp. : 250 T

Detector temp. : 250 T

Pressure : 2 - 10 psi

Flow : 0,805 mi/min

Split ratio @ 20 : 1

Injection volumn(Sampling) : 0.2 £

(3) o FAF AL

AWE e HE BB AZEE Faodlol FAY ARSL FHa/o)E FPL ol
o sl AUELL HIZ(Sg)3 Frdel 3P, W FAAH(ANUELY ¥ FHAH

AE 18 /m) 0T B AZhd UEAYY AUBYL) FAFE ofeis} ZE Ao AN
stelom, 3% Exjetz mapge] mE AUEPe] N FASE(ne/al/h)E TR

t}.

¥ RE}2} (mg/af) = pl/ml x Sg x 14.5 m¢ / (0.9)* x 3.14 af



2) 3% Fr&E(In vivoy) &%

AU 49 AEEAL 75 A7), ¥, Jlet 23 ol WA A7) migel Aul
B4 A7) dstds ARTEL 7t Bviet Ho, Aoz P AHELS 47
Rakstod o]e] g atsh= bzt AR EAC] F4Y AYFES WAlE homogenizer:
oMt FUA BHBF F7180E o8 F+Y AEELE F37%1 F4H
3& F33he Wyol dirh

oL zabo] B Aol wo] £ 95 whHo| o] F2}e] homogenizerE
o] g3t wpHg AR sttt FEo 2z B AEEAL /I1&Ae] g WA
130 1% 29} o] YNALEF o] 8 A2 FH7l 7Hs¥ homogenizer FAE AHE-SIAATEH

..... Poyitron homogenizer

__ Stainless steel beaker

_i..-~ Liquid nitrogen

Fig. 2. Apparatus for homogenizing a mouse

whole body in liquid nitrogen.



A

11-12%3 ¥ Nude mouse(Crl:SKH-hrBR)E& &S A|Zt 282 3l] pentobarbital (sigmaA})
2 n}2|(200 mg/10 ml1EF5+ £4& 0.05 - 0.1 mlFo) 3t 23 zof] golTE AP H
(5 min, 10 mind) ZAAJZIT),

ABEAY] p% F&L 23] O-ring® FT(UZ: 20 a/m, Hol: 15 n/m)2] TEHo| &
P A ( @ -cyancacrylate) & ulE 3 witfHol= 3 elo|ZE EUF 5E H¥ol Fis.
32} ol Al¥-§ Rl A3 AUch

7 APSEY AlY AJZES Fel Bl AHE AEE 0.5 ot A Y3 wlo| X2 Fus
2 A A WETTH  AYS] FEAY AD ABFAEEL F2AE FEo] nls
o Gl AEIUZ) ZA FEA AUSAI KRS Fost ARo] AAsL TEL
BAS ZRY F A% AAALo] Yol 1AL

o, REA 547 FEA(GR02A) N, 7FAU 00 JtA 5o B ANATI, #
B &0 AUBA AANE HusA oA ATHZe FHEO|T 5 o] §3le] 3|%o)
Ee AYEAS 7] AAVL

ME2 gz nfele SES AUESAS T AFA UL 00 A WY HPAY F
ANE 14 8 Biol 243 Foistn FA 9] Akol Yol TFAUFE P4 RF§L
2 A8 Prh

7t 28 oA AL(ANHA Jar)ol AT 2 AME 317 istd dETIs} 20
& Bog obatsio] 2As) B4E&F 13129 homogenizer(PT45-80, KINEMATICA AG, SWISS)%
A8 o4 S22 APS 210,000 rpnol A 1023 E)stel ol Pas gEch

249 SEAME oY 50 ne 2 AZHEelAdo] 5pAE AWVF AR FAS 3
5 RS AL Ele] Aol 4] 20 wt o €S, § 7L ARslelM 02 = 3
B Askstel ZHY SEAN 40 F4° AUSAL FEVF os2o] 2 89S
samplingstsl G.CE o|% T¥o] F48 AWEUL ¢ T3 3482 WUF F43 A
Atao] ojs) BASH] ANUEAL F4Y ¢ AEULh



Plastic adhesive tape

Glass funnel

[‘Q Sample
—
L

Mouse /_\
L]

[ ]

Fig. 3. Exposure system for skin absorption of organic solvent.

(2) chrbg 23

In vivo AJHoA 7 F5 AHAIZH5-108) S AHEL L] B chrpzh-gof 23] F<
H AEEAY dFTt 24" glenR AYox FFH MBI F5Sl oixgE
BRY Yo7t girh

ol #3l & % 3ul2|E WF LR 3}o] pentobarbital Y= uwiy A|A AlH FH(1
AIZHE, 2AZE) TEE AP AFALF AR 1 i & BF d53] FARICL

op3 Adelolld ABAIZE BAF(1, 242 N, ZFAZ ANZHPAIAF AFE FF3L FAl
AN Ao gof LBAINF olaje} o] 1322] homogenizerFA| 5& ©1-& FEL] A
§ R8I CS; o] & F G.C§ o8 AHEHY H2%E& sl FoAB(1 m)2e=2
HE oiab 4 ZF ujEof oIyt 3 JAEIAL ol F tIAE Y ges




(3) =% F+T AL

Aoy B2e] mto] F4E APIUL hE Aol &) T A¥E THANE ¥
o wj2aHn Q¥E oiat Hold tiAER WstEch

detd AREAe] A Haol 3 A AA(AIFER)L A DY TF WIS
3} chAbRe TR el WY F4el Wrh olel s EIAA Y WHeEe F
4] 904 (Radioisotope) & ol B¥ Faro] Wash} & AREUL ALY FYE 3ol o
o Tsuruta(1990)7} ol 8% A¥| F4+4E 2USE A5 18T Yl Asted ¥
Faae Aastgr

o] wpue o2 A3 F4EE(K0)E 3 Lekeld A, PMZ ¥H TF U
chatol Slsl GOl A4 TIAEERS(Ke) 2 FFAZHL) D ANTERM), FIZ(W0)
o the3 ge BANE 7Hch

dM/dt = KO - KeM (1)
olAl-g A&t

M = KO [1-exp(-Ket)]/Ke (2)
A FrE=EK0)=

KO = KeM/[1-exp(-Ket)] (3)

Getd Azl el AT BAWKO - ) ez ALl MRS Mt LAKERSF Ke
= 3¥ a9

KO -t = KeM-t/[1-exp(-Ket)] (4)
AA&EE AL Kel (1)4& 0] & KO =0 ol o} c}gz 2 Aol "rh
dM/dt = - KeM (5)

o} MBS, t=0ZFM=M, t=t02 A U= s Ao
in(M/M0) = Ket 7} ¥th

ol e FEo] NYEAL] FoAPz FoAF ATE A e FPINEZA AHE
Qo] AALEERS(Ke)E FHS Srh

—14—



4. FAA=

Uy FRETAA(In vitro A¥) 2} FFEEAH(In vivo dH)olM FHH A€
e AEELE, AEIE ¥ FEUAE P31 A AdEdY £ U F5Re

2 Ry MY 24T F4EEE ABsd)
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1. DB 47184 WY FA%E

249 =ALA A Yol AME3= %7]-8—21]%— 2 Toluene, m-Xylene, Isopropyl alcohol,
Ethyl alcohol, Ethyl acetate, Buthyl acetate, Methyl ethyl ketone, Methyl isobuthyl
ketone® A|HUEAE 5}od Nude mouse (Crl:SKH-hrBR)S] Zu|& o]-§ FHibdgol 23 By
FA4EE APt

Table 1-& Tolune, m-Xylene, Methyl ethyl ketone(MEK), Methyl isobuthyl ketone(MIBK) 2]
TIEA S ARR Sl YA M FpH(2.54 af)oll ohF AHE(2-6A12) /71-8A
38 =jlakg AU Azjoln, IR FUHEEE 517 $13 Fig. 134 Aol e AP
B0 o] 3} Ahd Ay FAPes ¥ BAE Y FAKEE Figich



Table 1. Zabddol o3 #7184 TARYY WY FA4E

Thel : mg/cn’

3 A3t (hour)

ANdgd AES
2 3 4 5 6
1 0.241 0.437 0.823 2.223 2.536
2 0.159 0.451 0.480 0.729 0.875
Toluene 3 0.379 0.782 1018 1.867 2676
4 0.447 1022 0527 2.440 2.497

mean*SD | 0.31+0.13 067£028 0711025 181*076 2.14+0.85

1 0.039 0.191 0.206 0.301 0.446

2 0.416 0.877 0.831 1.101 1.566

3 0.192 0.382 0.467 0.636 0.949

m-Xyleme 4 0.310 0.454 0.573 0.864 0.972
mean®=SD | 024+0.16 0481029 052+026 073+034 098046

1 0.687 1253 2.009 2.678 4.442

2 0.619 0.959 2.291 2.152 3.136

MIBK 3 0.542 1.221 1577 2.554 4114

4 0.639 1.122 1.637 1.455 1.909
meantSD | 062+006 1.14+0.13 188+033 221055 340+1.14

1 1.327 2.413 4019 4.826 6.272

2 1.376 1.863 2.941 4542 5.823

MEK 3 1276 2.342 3576 3.829 5.268

4 1.106 2.542 3.762 4125 6.107

meantSD | 1.27+0.12 2.29+030 357046 4331044 587044

Fig. 49} o] A|HEH S A3 ey A 7te] o] wel A< 7} 3t4ct.  Toluene
o] AL Hy -‘?—l}é}i—‘—‘:— 0.4832 mg/cd/h, m-Xylene 0.1738 mg/af/h, MEK:= 1.124 mg/cdf
/h, MIBK= 0.6627 mg/ai/h2 AMEE| 1o, n-XyleneZ A|Zte] Z3jof wiz} m|§ Fjspe)




271 32 4otOL} KetoneHQl MEKQMIBKS] Z 9= BASHA F7t stell, 53] MEKS
%

< Tolune?] 2.338l, m-Xylene?] 6.47v}jZ L}IE}uLTH

Skin absorption In vitro (mgIsz)

~—&— Toluene
--O-- m-Xylene
—y— MEK

- -+ MIBK

- 2
r=1.124 mg/cm’/h P 4

7
7
x/
/’/ r= 0.6627 mg/lcm’h
/X’ .V
e e

v 1= 04832 mglcm’h

Fig.

Exposure time (hr)

4. Percutaneous absorption curve of organic

solvents through mouse skin

Table 2% Alcohol$§¢l Ethanol2} Isopropyl alcohol(IPA), Esther&¢l Ethyl acetate,
Buthyl acetate, 18|31 '96dx AA5d ElE ¥AH 2-bromopropanes Z}7zt2] il &
AL NPEYS  slo] Yabdyof o3 ¥ T3} A7hd TIPS AYS] Table 29 2
o AE goon, o|F A7tz $ol i3l Fig. 29 ol Z} A FIFIH LS
g AP EAL RF(EES FIHCh



Table 2. ¥itAHo] 23t {7842 dd=2d 3F FASE

©he] : mg/en’

53 A7+ (hour)

Ndga Aas

9 3 4 5 6

1 0.767 0.834 1718 2729 3656

2 2.812 4575 7597 10382 12171

I 3 1.428 2.956 4126 6.725 8.242

thano 4 1.282 2725 5.841 7.29 9.175
mean+SD | 157087 279+151 482+251 678+3.14 831+353

1 1.272 2.361 3685 4210 5017

2 0.865 1.854 2.824 3527 4125

3 0.767 2.102 4276 6.076 8.960

IPA 4 0.985 2.120 3259 4826 7.872
meantSD | 097022 2114021 3514062 466+108 649+2.29

1 1.898 3574 5980 7122 7703

2 2.602 4350 6.783 8.361 9.493

Ethyl 3 1.063 2.257 4824 6.212 7.159

acetate 4 2.543 3276 4252 6.812 8.964
meantSD | 202072 336+087 546*114 7.13+091 833+108

1 3.082 2.903 4.459 7.367 8172

2 3.106 3603 5531 7.241 8709

Butyl 3 2.215 2.260 3,820 5.850 6.920

acetate 4 158 2.860 3570 5.720 6.280
mean+SD | 250+£074 291+055 435+087 654+088 752+1.12

1 2.104 7935 13.348 23438 over

2 3.370 6.720 9.812 10.890 over

2-Bromo- 3 5.125 8.265 15.726 26.178 over

propane 4 3.178 6.306 8.196 15.49% %527

meant+SD| 344+121 7312094 11.8+340 19.0x7.05 over




Fig. 5= Al A|ZMH F24ak& UEeld 202 alcohol 79} esther®9] H-9 Fig. 49] w3}
% 3YE EE ketoneFioll 3| F3] FrRL=rt F7} st Ethanole] 79 u| §2
4 %= 1.747 mg/ai/h, Isopropyl alcohol2 1.359 mg/ci/h, Ethyl acetate 1.124 mg/ai/h,
Butyl acetate 1.368 mg/af/h, 2-bromopropanes 4.165 mg/ai/h® Z3& T odr} E3J
2-bromopropane> A|Zt2] 7ol miz} 3F FIR&E7L FE3] F7 sidlen & AF A
oflA|+= Ethanol2] 2.384uf, Toluene?] 8.62v}, m-Xylene?] 23.968]| % m|& ELH I} nfg
we 2 Uiy

14
—&— Ethanol
PN 12 A --O-- IPA j
£ —v— Ethylacetate
&) —% -- Butylacetate / r = 4.165 mg/lcm’h
g’ 10 4 —8— 2-Bromopropane
g
S 8 -
c
c
Q2 6
a
o]
3
© 4
£
7
2
0 T T L] T T
1 2 3 4 5 6 7

Exposure time (hr)

Fig. 5. Percutaneous absorption curve of organic

solvents through mouse skin



2. By §718A42 AY FAGE

At o2 Aty RN AMEEE 7184 ¢ HAEAL] F8AFE 43y 7
P2 Ex AT H58o UA AFFe A= TYstH AHEsHE B9t uch =%
2ol AHEE= HUES] B9 A4S Uehle el 8 E A= AMa 2
gl REA=ZA 7taA, A2A, AFA, 3FUAA, {3 Fo| ¥R gon AL
¥ o Mg #iste BRI EAHE Wol AR5l Mg A ol AEEL] 543 )
T % &S ¥o|7] #3) Toluene, Xylene, Hexane, Styrenes i3 72| {71 &#7} Y
H 5YR718AE AHEsh= 397t Wl
uebA oA SHAEA IF FAGE Ajgz PAsty FYEAe o FUGES 33}
o o] & v}l HI}EH] g 54& A7tz stdct.

Table 32 3MA E&= AAA, At §A2 gol AFEEHI e vt cf3) o F4EA

TolueneZ} Xylene(m-Xylene& AFZ3NS 1:1(v/v) TUFO T E3Islo AP ERZ 312 5
3} ARYAZE 2-6AUOE 1A A WY TR FAstdon o BUY o

2 3 FAVOE FESIAL oY AY AAE B2 A 3F FAYo] e Ay F
=& F3igch

A3



Table 3. $AbAYol S13 83§78 WY FIASE

3 Azt (hour)

AldE4A NgF
2 3 4 5 6

T 1 0.347 0.342 0.670 0.659 0.960
N 2 0237 0.305 0.420 0.427 0.691
B ‘1’ 3 0.459 0.608 0.769 0.894 0.844
9 4 0.349 0.458 0.532 0.802 0.935
. mean+SD | 0354009 043+014 060£0.15 070020 0.86*0.12
3

1 0.080 0.087 0.181 0214 0.271

A1 X 2 0.043 0.060 0.101 0.110 0.130

y 3 0.120 0.191 0.225 0.293 0.275
8 1 4 0.086 0.116 0.139 0.262 0.300
Al mean*+SD | 0084003 0.11+006 0.16+0.05 022+008 0.24%0.08

FEAF 0.43 0.54 0.74 0.92 1.10

% B8/ 243 tolueneZ} m-xylened 1:1(v/v)E mixerdt Z3-g4¢l.

Fig. 62 TolueneZ} m-Xylene®] T T o] tidt A3 FAN2} T3] 43 BAE U
Epd ol EUEAY 3 FARosY Fu FAKTE Fich

olz] BT TR TALEL 0.172 ng/ai/holgdch. o= WUABUL Toluene 0.4832
ng/ai/h, m-xylene 0.1738 mg/ad/hol B]3] WAU v £E2 EYSHd ©E w7 F
F4E Z7Hare Uehx] ofolclh. TUEA F Sl oid TdUEHelA S} ol
Toluene?] F3}&Fo] m-Xylene?] 4w} +FE 22 Forl



Toluene
77734 m-Xylene

¢ = 0.172 mg/cm’m

P

Skin absorption In vitro (mg/Cm?)

Exposure time (hr)

Fig. 6. Percutaneous absorption graph of organic

solvents mixtures(1:1) through mouse skin

Table 4= 2AY E=4IFoIN ™ol AEHIL Y& R/7IBAESA  Isopropyl
alcohol (IPA), Ethyl acetate(E.A), Methyl isobutyl ketone(MIBK)& THUEAHE 3l o|=
Zbzb L Hv/v)e) B 8% RS UM F olE AUEAUE dlo] HF FUXEE 4
@sta ztzte] BaAo| oigt Alzbd m¥ T} I FFE I

AREAY TP vd BUYEAL 3 TAV(AL ¥ 3.09 ng/en2) S TUAEA 247
o) Faak Rrhe mgtou thd Ay £AF AHAAM Uehd 2z £ FYB}3AT
7% 6.62 mg/cn2)oll vl E WA LElRiTh



oty £ Ageld A8Y 35 $U18AF A4S UE Frge Fis] e sy
o F3jg AT sof vAFoE FHHE RoE Ush SYSAT A Y F2

o) F7He Holx] eaiet.

Table 4. Sib4fol & ¥ SUR7ISAL W} FAEE

che] : mg/cn’

23 A7t (hour)

AEEA =L
2 3 4 5 6
1 0.394 0.829 1563 2.296 3.603
1 2 0.146 0.343 0516 1.027 1.659
P 3 0.358 3.460 5.066 5515 6.133
A 4 1.482 2.462 2.856 4.066 4974
x
mean*+SD | 0601060 1.77+1.44 250+196 323+197 409+1.92
& 1 0.281 0.489 0.851 1.279 2176
.| E 2 N.D 0.173 0.322 0.770 0.962
sy
A 3 0.221 1.826 2655 2.876 3.253
71 4 0.718 1.071 1.566 2.254 2814
g mean+SD | 0.41+027 089+073 135+101 1.80+095 230%1.00
M 1 N.D N.D 0219 0.348 0.644
Al 2 N.D N.D N.D 0212 0275
B 3 N.D 0552 0.849 0.938 1.068
K 4 0.189 0.291 0.455 0.666 0.864
meantSD| 019  042+0.18 051+032 054+t033 0.71+0.34
= 1.191 3.00 4.36 556 7.10

% H3-8718-A 2t IPA%} ethylacetate(E - A), MIBKE 2} 1:1:1{wv)E
mixer¥t E§-8-o¢)

N - D2} Non Detectoin® 2 0.01 mg/ad ©]3}



Fig. 7& 1IPA, Ethyl acetate, MIBKS] 8§ §7]84lo] cigt 73| FAN T 4
¥ BAE Yehd oo BEA] & Ty FARes B Ay FALEE F3)
ch

SUEAY ¥ FUSEEE 1.431 mg/ad/h o] en| IPA(1.359 mg/erf/h), Ethyl
acetate(1.639 mg/ad/h), MIBK(0.6627 mg/ai/h)2] tA B A2} wlaste] 1 Fgte 71718
TAE Boli glo] BYEAL 1 FHREEE HUEAY Iy FIALGEI wE AL
71EL 23l HlAAoR Frlste Zoe BYE wE v T sEAE= YehY

=] Qkgtet.

8
7 IPA
NE Vizza Ethylacetate
1) MIBK
£ 6+
o
€ ANARK
A—_s
% 4 - r= 1.431 mg/cm*mh §\\§§>\\\\§
27
ho)
pey
o 34 NN \
° , o
S 2
£
o)
1 .
0 |
1 2 3 4 5 7

Exposure time (hr)

Fig. 7. Cutaneous absorption graph of organic solvents

mixtures (1:1:1) through mouse skin
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Table 5 2M&Je] 7+ ZAA o] AL2E 9= Toluene, m-Xylene, Isopropyl
alcohol (IPA), Ethyl acetate(E.A), Methyl isobutyl ketone(MIBK) S T EA R 3l ol
2 717} gard S H]&E TP F olE AREAR st} MY FAKEE AW A
zte] Baoj oidt Alzhd a3 0 33E Y A3eith

AR AAE B9 5714 DUEAe] SUF Tyoll whel(Z 20 %) T8y Kol AT
7} Bale] £ H|-Zoj v]s] Isoprophyl alcohol(IPA)Z} Ethyl acetate(E.A)= Arj3 o=
58 =glete] 27} s}l oL, MIBK} Toluene?] ¥F FAFS ul¢ Al uehxton
n-Xylene®] 79 6412t A=Al 7HAIE Z2(0.01 ng/af o3HEA] Wgkch

Ty ByEAde] By EiscE PABEUo vl 2w £E0E FUISIgT) ol& Table
29} Table 3¢] Ao} wjasin} AfAdol AT PA4F HYE olof uls] Yooz F#
Aol elt o W AE, oAHIEFE Hity F(IFY & WHAE R 22 F
qajolSof o3 MEEz Zrh)o) o3 Aol ZY dFFe oLH=FY Faegol

Z7} sheicia weEc



Table 5. TAA¥jof o|3 Hitq71842] WY FrAg4E

ko] : mg/co’

31 A7+ (hour)

Al EA Alg
2 3 4 5 6
1 1111 1431 2793 5518  6.830
I 2 3.967 7.015 9.670 10787 12769
P 3 4926 7.344 7.384 8741  11.030
A 4 0.659 1.055 1645 3843 4079
mean+SD | 2674210 421343 537+379 7.22+313 869+394
1 0.375 1.640 2.401 3904 4685
B 2 153 2,827 4713 7147 7230
. 3 1.994 2.870 3043 5847 9308
A 4 N.D 0.441 0.701 1801 2015
mean®SD [130+083 194+115 271+166 468+233 581+3.16
1 N.D N.D N.D N.D 1.209
M 2 0312 0,587 1.051 1656 1879
n | I 3 0.460 0,657 0.687 1334 2501
B 4 N.D N.D N.D 0.359 0.428
# | X | meantSD |039£010 062005 0874026 113068 150089
al 1 ND ND ND ND ND
; 2 N.D N.D N.D N.D 0.165
A u 3 N.D N.D N.D N.D 0.113
e 4 N.D N.D N.D N.D ND
% n
e | mean+SD - - - - 0.14+0.04
a | x 1 N.D N.D N.D N.D N.D
y 2 N.D N.D N.D N.D N.D
l 3 N.D N.D N.D N.D N.D
: 4 N.D N.D N.D N.D N.D
e mean* SD - = - - -
FE93 436 6.79 8.96 1342 1615

¥ H3-F7]-2Ajgt 1PA2} Ethylacetate(E - A), MIBK, Toluene, m-Xylene&
1:1:1:1:1(v/v) 8] HSUH& 2 mixerdt EFtel,
N - D} Non Detection® 2 0,01 mg/cd ©]3}



Fig. 82 Toluene, m-Xylene, Isopropyl alcohol(IPA), Ethyl acetate(E.A), Methyl
isobutyl ketone(MIBK)2] 3 §7]&=leol o3t Z¥ Fax iz T3] & dAE U
B Zoln] ByEae 3 Tz PR ¥y Ry FAEEE Feych. ol
B2 38 EI&EEE Fig 83 o] 2.983 mg/ai/holdlon] < &2 IPA(1.359
mg/cai/h), Ethyl acetate(l.639 mg/ai/h), MIBK(0. 6627 mg/ci/h), Toluene(0.4832 mg/cd
/h), m-Xylene(0.1738 mg/ai/h)2} Bl 2y of ol$ &2 ZE vehldch ol= &2 343
2 Erdo] Tl Balo] Ty EHUYEAL ALY FS wFFAU A AT WS
ko] AUZ F4H 4 Yris AL uidich  E3 mR T} glo] 571 EYUE
Z IPA, Ethyl acetate, MIBKS] o] ti¥-£(98 %old)& XpAIsta glch  wabA ol
AZE B o B3a7184 Aol glo} My F5e NS st ¥F FALH

2% da B3t B4o] uay 5U AT SAES TSl ARgIt= 2]
T8 F4UL Foli=u AAF oleia sictHrh

18
16 - 3 IPA
-« Ethylacetate
£ 14 MIBK
O 1 .
S %% Toluene
€ ) E=3 m-Xylene \\§§§\
= 12 r=2.983 mglem’h >>\\>/
S 40 -
£
2 6 D %//
0 / //// ;/, % ;/'/ 24
© /////% ,/// /
£ 41
X
%)
2 -
0 4

Exposure time (hr)

Fig. 8. Percutaneous absorption graph of organic solvents

mixtures (1:1:1:1:1) through mouse skin



3. AU BEF ZAAA AT §78A WY FLEE

2-bromopropane} StyreneZ A|HEAF dlod Nude mouseE Fig. 33} 22 o 3o
ABEAS AEFTEY mYol F4A170 F homogenizer(Fig. 2 HR)E ol§ A HEF
%3 H(In vivo)ol o3l 7] &2 mFF4 AES stAch

AlEEAL] I} F4 A2 AJBFE 583 1022F 3t AEEAY Az s
BRE sl Hxe FENETEE ol§ ol& RFsiAct

A8 A3} Table 63} o] 2-bromopropane®} Styrene?] 7-9 527t Nude mouse®] T &HKA|
Aol F4" ABEAL F492 0.59+0.05 ng/af2} 0.231£0.02 mg/ad, 1027 HEHA|
0.85+0.08 mg/cf2} 0.3510.03 mg/af o] On] 3H4& BPAHAA AHEAL] FH4E2
67.313.5 %2} 64.0%8.2 %o] Tl

Table 6. M = AUl 22 §718AY WY FHEE

AgER FFAZE & WA ZRAA S ANEFHF
(min) (%) (mg/cm?)
2-bromopropane 5 - 1.0052 0.59x0.05
10 - 1.0105 0.85£0.08

0 67335 - -
Styrene 5 - 1.0100 0.23x0.02
10 - 1.0201 0.35+0.03

0 64.0+8.2 - -




Fig. 9% 2-bromopropane} Styrene?] I|¥ ZAlY AT FE AlHE Az 7bof w
2 Al F4ae] A% BAE Ueld zlojn A EML] DA & FFFA T
2 ¥e A3 FrE=E FoidTh

2-bromopropane®] ZA¥ 445X 0.052 mg/af/nin(3.12 ng/ai/h 4%F) o]9 o, Styrene
2] 79 0.024 mg/cf/min(1.44 mg/ai/h 73%) o]dch

2-bromopropane?] 73| F4EEE UM Tabdyol o By FAKE APAZH4.165

ng/ai/h)E 71F208 vy of AY FHE5EE 749 5 vehia 3ok
1.0
.9 4| A 2-Bromopropane
—@— Styrene
o~ -
E .8
Q
g .74 L
4 "t = 0.052 sg/ca’/min
s 6 S }
c
S 5-
a
9]
8 4
(U]
c
& -3
& = 0.024 mg/ce’/min
2
A T T T T T T

4 5 6 7 8 9 10 11

Exposure time (min)

Fig. 9. Percutaneous absorption curve of 2-bromopropane

and styrene through mouse skin



2 falvete] Adas gz A, £34EEE A F232HD) = mid AT
of glout sHatE o} 23t APy A F7hsta gled ofF frl&A 23t Y
W OogAZARH D) UAAE 19933 27, 1994 571, 1995 1171 0% o) dF o7|= 3§
U 4 718t ARS Boln UrHix%FY, T2 AT AAZFZ, 1993-1995).
1996 zAde =ATAS 47184 HITH AGBE FH A IPA, Toluene,
Xylene, MIBK 50| 38553 A% 23tz Sa7d A2 o8t EAE AW &
A G2AxHD)E ofUU A%e] F& 23k 2BAAHC)7} the LiElS
3 B REI} AR E =5 FA, BlockulF et AvhiFE =A3
L o2y 4EAY =3 £F 2 HIEQ] HMA(RIIEA)EUIE, dHIEAA I
f718AF RAEE So7 IA FEALHERAY F718A AIAUelzA} HA,
1996).
£ =3 7ol 9o} Z+ AMZIHAPE URH AT ol AelHE Hol gigont
AE T T Fo ¥FH §718A2] ¥{ako] dloj A= Toluene, Xylene, MEK, MIBK, Ethyl

-

acetate(E. A), Isopropyl alcohol (IPA)S2] &olglem, 3]XA|2] 7Z-9<= Toluene, Ethyl
acetate(E. A), Xylene, Ethyl benzene, Ethanol, Isobutyl alcohol &o|TtHRAHY /7]

£ IAERRA B A, 1996).

weld 2 dFoAi ol RIIEARE FHLE st AP RIIEAF AW &

2 Bl o] oA TFol 2T AW Fets EER B Nt AY ARE B+
o MEES e $Hsl Y £ U=F MR F4LEEE AF S
FR0lE BT /7184 T THN 2EAES] AW FFE FYol A Fol o
¥Bolela TEkstel oL} H ol B AY AztlMsl ol §718A WY F4 =E
FrL&Ts of$ wi27] wfEoli( 0.2 - 4.2 mg/ai/bhr+E) HF7E K71 EAH Y IS 7
2 Ao 3l Z4AFE Tt W Pol FE3] Aol F4 HolAlL, FHgBF ol
k3 EE g8 B2 R 8ATLE FEHE AYY AUl F4 Holxn F49 3ty



42 A UEE B3l Uz &8HAA AT AXo] 4L niHe Aoz WHAx
olch oleid g Fu F47F B3] WM 22 1904\ Schwenken Becker7} 2|
24 B4 Z¢ AT IN FAEES AU Soly AA T2 T FaPgo] ittt
23 F Fleischer7t o8] ¥% EFIEE ¥FstEA ¢ AFActn AsiAs ok
(Rothman, 1954). &E& A EAY ¥ F5E U2 Aol o3 %8S gerh 7
Aze B3 B Ay 44, vPe 4 2= §5F AFBRA F
B 3ty dAele £, &34 (584),

YL 249 FS P FFIFL YA vehdri stgicHTreherne, 1956).

an
2
”
o)
L

34, 24, S8, A8

O%F 3RpEAL 3R Feot BAM W At 1N Holed EY IR F4
23l A2} B3I Piotrowski 52 19573 Algte] ¥ H-& o] &3to] Anilineo] ci3f 3]
b oxLscs A7t om(Dutkiewicz, 1968) o8 AFAIE o3 XF7A| Al F
Bo] 3RE olgdte] TemP HAY {rEAHF B FHEEE APY BAEE
Table 70 1§ 3taich
AREAL] 259 Aol AR sking] $7, APYel gt FAE FHEET BB
xto]l & Hol: glor} tiAl 0.02-33 mg/ai/hre] H4]E Ho|3 9l Benzened] F-$= &
B3} A3t MRS o2 A¥olA n¥ FeLert vy AAE Yehia glch

4

-



Table 7. Percutaneous Absorption Rates of Liquid Solvents in vivo#

Percutaneous
Solvents absorption rate Species References
(mg/cm’/hr)

Aniline 02 - 07 Human Piotrowski, 1957
Nitrobenzene 2 Human | Salmowa, 1960
Benzene 04 Human Hanke, 1961
Benzene 0.24 Human | Maibach et al, 1986
Benzene 0.229 Mouse Tsuruta, 1986
Ethylbenzene 22 - 33 Human Dutkiewicz et al., 1967
Toluene 14 - 23 Human | Dutkiewicz et al.,, 1967
Toluene 0.00442 Mouse Tsuruta, 1986
Styrene 9 -15 Human | Dutkiewicz et al., 1968
Styrene 0.060 Human Berode et al., 1985
Xylene 45 - 96 Human Dutkiewicz et al., 1967
m-Xylene 0.12 Human Engstrom et al,, 1977
m—Xylene 0.147 Human Lauwerys et al., 1978
m-Xylene 0.127 Human Riihimaki, 1986
m-Xylene 0.0182 Mouse Tsuruta, 1986
Methanol 115 Human | Dutkiewicz et al., 1980
Methylbutylketone 0.248- 0.480 Human | Dutkiewicz et al., 1978
Tetrachloroethylene 0.242 Mouse Tsuruta, 1975
1,1,1-Trichloroethane 0.366 Mouse Tsuruta, 1975
Carbon tetrachloride 0.4% Mouse Tsuruta, 1975
1,1,2,2-Tetrachloroethane 0.619 Mouse Tsuruta, 1975
1,1,2-Trichloroethane 1.05 Mouse Tsuruta, 1975
Trichloromethane 2.35 Mouse Tsuruta, 1975
1,2-Dichloroethane 2.85 Mouse Tsuruta, 1975
Dichloromethane 6.58 Mouse Tsuruta, 1975
Trichloroethylene 0.469 Mouse Tsuruta, 1975
n-Butanol 0.528 . Dog Divincenzo et al., 1979
2-Propoxyethyl acetate 1.02 Dog Guest et al.,, 1984
2-Propoxyethyl acetate 0.868 Dog Guest et al., 1984

% Bergerova. V.E, Ogata.M : Biological monitoring of exposure to Industrial chemicals.
In : Dermal absorption, Chapter 24, pp.131-136, Tsuruta H, Ed. Cincinnati, Ohio,
ACGIH, 1990




B g7 Aol ZAH Toluened] Z¥ FU&EE 0.4832 mg/ai/h, m-Xylene 0.1738
mg/af/h, MEK 1.124 mg/cd/h, MIBK 0.6627 mg/cif/h, Ethanol 1.747 mg/ai/h, Isopropyl
alcohol 1.359 mg/cd/h, Ethyl acetate 1.124 mg/cd/h, Butyl acetate 1.368 mg/cu/h,
2-bromopropane 4.165 mg/af/hE CHAE 0.17 - 4.17 mg/ai/h3ELZ F3 FHoleow
Table 70149} 2ol AB7kx] UEH ThE §71 84S AARE A%E ehigich

22U Toluenes} Xylene2] Z$¢ 2 AFoldi Unt §718AFol uls) 3-50) 4202 2
A Uelgto) Tsuruta®] A7 ZA2}(Toluene?] ¥ FA&T & 0.0442 mg/af/h, m-Xylene
0.0182 mg/at/h) S 71202 & wl AP Apo]& BT ol AP AF o8 WU
o] 91Z1OL} Benzenes] ZH0.229 mg/ci/h)E LAY w A AE Eojop T Ao Er}

B3re7] 240 3R ES0] 9lojAi= Toluene?} m-Xylenes 2%o] ¥Hd ¢ ¥F FiH&
S 0.172 mg/ai/ho} 2120, IPA, Ethyl acetate, MIBK2] 3%9] 238 ZA9E= 1.431 ng/
ai/h 123 Toluene, m-Xylene, Isopropyl alcohol(IPA), Ethyl acetate(E.A), Methyl
isobutyl ketone(MIBK)E 5%2] Eao| ¥RH HY #7184 ¥ FaEEE 2.983 mg/
af/ho] g T},

A7 AYATNE ol BYR7IEA Y MY FHSES GUELY YF FA&Eed 2 Y
o H3RrleAle] ME FIEsE BRI A6 EHE ¢ /718AE B3tz e}
Exdo] 5 A% EAES TiHo UL FF Y FAGEL IA FUBIA 4oy
39, 8345 Be Y 54 A gL BEAEC] TYHA A& B UF FHA=ES
ctal B3of 3] ul¢ st

weld ol AztE B uf BiRI18A gl o] IR F5P HAHRE HAste
A271x d79E RELE R F44E ABE HAs] ey ¥ AR FoEET
we 2A5g dysted Agsta TUBY A8 oMz B 4o vix¥ 5
d A% EAES st ARSI Aol M F4TE Foled AAAA A= e

st
E3 o] I FAEE AF AT FE EAY nY FAFA A FF 7SS
A3 5 glon At AABAqAL] F&AMF MU Frol Aol TFA A A

NE(BFE) AEE BN 59 ¥E AZol Y BUFTFMERY) B2l AT A



T4 FlsRg R WAstd B4l 4 FEHID olel AW djUg nPUS US
Zolct,

2, AgBrdAel TFol T AU FEFH R718AL T ol AT AU F4T
g B4+ Z2Uz FEoll WHEIAY AUV SE(mg/ni)2} T2 2] A Y

71 44 (ni/hr), ¥ F4&, AYANLE Y¥E FT o A F4LES F3tn, T FF
EE FAEE(ng/ai/hr), HGA wFxE B3 (af), 2EZAbr)FL2 FE AW 77
g4 F+ M5 E 7Y 71 ok

o & 59, Toluene?] TWAE 375 mg/mi (100 ppm)ojit A ZARZL F7F FE= 30
% 4 113 mg/md (2} 30 ppm)olt 7HFsIR, FAPeA L HBIIHEZFF)S & 1 of
/hr(0.8-1.25 ni/hr), olm] HFEFES 50 % o[ o] ZAoN YHuirL3 §F IFE
BRIIE 23] o2 Al 8AZ AU AP FFIIE FH F5H Toluene?] F5 75

3

flo

113 (mg/nd) X 1 (m/hr) X 0.5 X 8 (hr) = 452 mg2 2 AlAts]oA| 1,

ZIAREL A¥ZY 2= &4 AFS H8 BEALS HEoA] d2A FELE Toluene
oo H&H AefolAd 1083 A 1S B9 FELE FE Tolueneo] ¥F-E T35}
o F4E = e 48 & 97 AAE BEu= Aatshy,

orsol o]% HHZAL ¢ 800 of, ¥ FAGEE 0.4832 mg/ai/hro|Tt.

uletd F4Fg

800 af X 0.4832 mg/af/hr X 1/6 hr = 64.43 mg2 2 A4l FojXch

upeid A7) gV AL J1FLE Y uf F&Eo| Toluene§ ol 1083 FA E= A
" A9 F49 4 2 Toluene?] B2 385 30 %(30 ppn) o] HFBZ oA 8AI =Y
A BEINE BE F4E 4 e g2 14.3 %o Pt G oY AYRAd BF
2AqHZ B FAY £+ Qe Y28 FIt Hoch

EZ Alcohol B2 A9 TolueneRr} ME-FH &7l 3u] $Fo ol2BT A}7|9} o]

F{N

lf‘

gojo] Fo] WF7t 108 WHA| Toluene?] 3uj4-Zo] o2& ool HRERY F4d +

olthe Z21& ejnjsta gich

EE 2gdtd oJalo] FaE o 71a gl 2F T 2AL AGA WEeR Y |RIIEAE



2335t Al goalal AlEEY NEE} £E7b whE alcohol F(1.5 mg/ai/hrE)L
2-bromopropane(4. 165 mg/ad/hr), BYU-R7]1€A(0.17-2.98 ng/ai/hr&)2] Z-9= ]F-ol
A F4EH7 B B AU MEIt Y K71&AA F& BF DA BT
sto] AUZ 4ol A 4 glorng zhys] Fof dtojof st A& Hnisia Jith

Sy Y ET4ag 49U HEEE(TLV-THA) o8 $THLE 7yl s
oojch,  iukstd Bl A HE WU FHAL § AYRA w2t FyPel o
et xpolE UEhBE AGIHY] TLVS AHgol lAME “Zu|Fol oyt R3dol TLVS
of RIYHA Ygteons FAMFEE olYsty] ¥ Y o] FFHojop rk
(ACGIH, 1996)3 Z= ¥ ojglch.

webd =232, Adzg 5 f718AFe) 1R o] w2 WY B¢ oW A
ste aasle] AYFTAPL AT BUFY RIFE NARIT T HE2 Ao,
27 BWrlo] olole TP F4AdE Lst] AIVAFL FUt Bt oA A
A3 o] A Eojop U Feojth.

Table 82 §7]|8AF2] Z7) Z2of 2% By FFAFE A7V g U8Y Ze=
McDougal 52 utAIE Rat?] F-F7]ofl F-2}315L Dibromomethane %715 500-10,000 ppm X
Bromochloromethane Z7|8 2,500-40,000ppno 2 3to] 2zt 4A12H¥ FH=23P& oW AT
EEE ZAEI olF Fild AW FFALE HE dtAon|(McDougal T, 1985),
Tsurutal= Benzene, Toluene, Tetrachloroethylene®] +7]-&# 2718 ANBEAER 319
Nude mouseS ©o]& 200, 1,000, 3,000 ppnel FEof 2-6X3 H2Y AW AzolA Bl F
2ak3 22 S Alolojs AAH BATL Y, B FrEESL FR 2o} Atejol
T AABAI AYHcta B2t cH(Tsuruta, 1985). Wieczorck-2 Algtol tj3l nfA3E
218 X}7] 2 300-744 ppne] Styrene Z7]ofl 247t HEY S o kF cIAFLE F¥ FIF
2 A4S A2sn olwle AM FHALS IF F5YY 5 wol FIUTiL BRI st
(Wieczorck, 1985).



Table 8. Percutaneous absorption rates of Organic solvent vapors In vivo

Percutaneous

b .
Solvents a sorpf;lon Species References

coefficients

(m/h) ] . _

Styrene 0.0122 Human Wieczorek, 1985
Dibromomethane 0.0112 Rat McDougal et al, 1985
Bromochloromethane 0.0079 Rat McDougal et al., 1985
Toluene 0.0124 Nude mouse Tsuruta, 1985
Tetrachloroethylene 0.0100 Nude mouse Tsuruta, 1985
Benzene 0.0060 Nude mouse Tsuruta, 1985

213712 2 H3EAo] oyt ] PE4 A7 Table 7, 83} o] A% UR FHojx glo
A oA ARE FHolA AL gl B 42(35,000F FE)o] vldtol: nj¢ T
Holrh, I3 APy =Y st QPHo] L4 WYPEC] AL AF U] s}
Soglon of AjdH e HE ) ol2xl= R, o] o]FFY st In vivo
AlE MR ESFF S A AYRA2} Py o} B3N AH L WeE S In
vitro] Z 9= FRS AL F4Po T zihsirlols n]F et AFolct.

ol AAdyye] d¥OT Tsuruta: Y2 HPE {I18AF MUEFS A7l In
vivo A|HH 2 A2 FE] A& N-E o]&Y HAMIY(In vitro F3)& /st
on A XEF FHYPA 2], Y, xTolY widY FHYYF In vivo FE Y3} w2
3t} A o] uhg ZHAstY AYAzt £ In vivodolAe] @Az} FBgo] e &
QtcH r = 0.987 )3 U ¥5tEcHTsuruta, 1986).

a2 dFelMe Babddel ¥ mF R} AL FAeE sigon
2-bromopropanez} Styreneo]] ti#jd = MU HEF A Yo 23 IR FHEEE HY X
Boto] AlHYPY Aol dE Y FLEEY FAMSE vzt Btc)

o



:

M) 2zt ZAWe| o]3F T F44T Aol 2-bromopropaned ©] % In vitro A%
M2l In vivo Al@Hol thd MY FEEee] AL ving A2 In vive A YoM E
73 E44%57t 3.12 ng/ai/h, In vitroA|HolA & 4.165 mg/ai/h= Z2A5 In vivorlE
ANE 71208 & u In vitroAlB A7t 30 x57E £ A= Ach

ol AR AHEAL Al@Azo] P VAYE dout ¥ FAHAN FBE 7718
Ao mjR Trjaro] Az w R Mulel F4E YA UL vl rE Ych

npatd @22 In vitro ABWI In vivo AlBY, 23 BAE IF-Ffol oy A7
2o 27 ol ol AojHol iyt YA FBL o RY¥Mo| tg FE el
A of & Zlojr}.

E3 gto T R dAPold REEA B A FE uY X wE /718A R &
2% ulmet In vivo, In vitro Al@Hol 2% I Fr&xet FAGES] FUBA,
2712 AVEAL] 5 W] w2 WP F5 Bt Sl HAARE A0S Aslo] =
of & Zojt},




v. 4 =

Nude mouse(Crl:SKH-hrBR)E ol -& HAtAY3} AU &t S el 23 |71 &7 3
F Fas U 3R F4EEE AEsi o2 e AzE ot

1. Toluene®] ¥H FET= 04832 mg/ai/h, m-Xylene 0.1738 mg/cf/h, MEK:=
1.124 mg/ai/h, MIBK:= 0.6627 nmg/cf/h, Ethanol2 1.747 mg/af/h, Isopropyl
alcohol-& 1.359 mg/ai/h, Ethyl acetate: 1.124 mg/ci/h, Butyl acetatei= 1,368 mg/
ai/h, 2-bromopropane2 4.165 mg/af/h o]glt}.

2. TolueneZ} m-Xylene 2Fo] ZHUH BY {7&A IN¥F HEE= 0172 ng/
af/ho]¢i O, IPA, Ethyl acetate, MIBK?] 3Fo] Z¥H ZAL 1.431 mg/ai/h,
Toluene, m-Xylene, Isopropyl alcohol(IPA), Ethyl acetate(E.A), Methyl
isobutyl Ketone(MIBK)S 5%2] Bgo] W 23 #7184 3¢ Trass:
2.983 mg/cad/ho]giT}.

3. In vivool 2|% 2-bromopropane % Styrene?] IFE F4ET L 3,12 mg/ai/h,
1.44 ai/h ©]3 2™ 2-bromopropane?] 79 In vitrool 2|3t ZAy¥z} AyAZ
(4.165 n/cd/h) S 7122 Y of 74.9 %2 $3F& VEhicL

4 DY R718A AS WP FUSEE YBF, o2HZF, YRINUE co=
(2-bromopropane®] ¢ o UElton thAZ Bol Uiyt AL w&4E P
Fapgo] Wi Y Roon, HYFIILAY S 5U AR TUS d o v
20 3% FASKEI WE B2 $30% wasigoy SUEUY OE my ¥}
atel 27} WAMS UEpA| st |
2y TUEF 340l =AY Bl ety 4o t}E BUSo] TP For ©
A Bl uls) WY FALES} oS AL YUY FABE 2A 25} stdck
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