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The Study of Dermal Toxicity of

Organic Solvents
- Alteration of Dermal Penetration Rate of Organic

Solvents by Mixing Various Organic Solvents —

Cheolhong Lim, Youngmook Lee, Ilje Yu, and Hyeonyoung Kim

Industrial chemicals Research Center, Industrial Health Research Institute,
Korea Industrial Safety Corporation
104-8 Moonji-Dong, Yousong-Ku, Taejon 305-380, Korea

— Abstract —

Quantitation of organic solvent penetration rate through skin is necessary
for assessment of health hazard. Determining derrmal exposure rate is
important as permissible occupational inhalation exposures are lowed. We
investigated dermal penetration of single and/or mixed organic solvents by the
mixing ratio of one to one in SD rats. The skin penetration rates of organic
solvents were altered by mixing with various organic solvents. The
permeability coefficient (Kp) of toluene was increased 3.1 times by MIBK and
3.0 times by butyl acetate. Isopropyl alcohol enhanced Kp of butyl acetate 3.1
times. The Kp of MIBK were increased 5.3 times by isopropyl alcohol, 23.1
times by butyl acetate, and 2.6 times by toluene. The dermal penetration rate
of i1sopropyl alcohol was much increased by other solvents. The Kp of
1sopropyl alcohol increased 22.7, 88.0, 124.9 times by MIBK, butyl acetate, and
toluene. We also calculated the volume of organic solvents penetrated in
human body as a result of 1 minute immersion of both hand and equivalent

vapor concentration of the same organic solvents for 8 hours exposure amount



would be absorbed through the lung. As a result when workers were
exposured both hands for I minute to toluene, they were absorbed 15.08 mg of
toluene and this volueme equals to 1 ppm for 8 hours exposure by lung. If
toluene was mixed to isopropyl alcohol, MIBK, and butyl acetate to the ratio
of 1:1 it was penetrated 10.80, 18.81, 18.56 mg and these were equal to 0.72
ppm, 1.26 ppm,, and 1.24 ppm. Isopropyl alcohol was the most increased
solvent by mixing with other organic solvents. The amount of isopropyl
alcohol penetrated through skin was 23.65 mg for 1 minute and when
isopropyl alcohol was mixed with MIBK, butyl acetate and toluene, the
amount of isopropyl alcohol penetrated were increased to 81.63 mg, 163.08 mg
and 194.75 mg. And these are equal to 8.30 ppm, 16.59 ppm and 19.81 ppm. In
conclusion, our study indicates that the dermal penetration rate of isopropyl
alcohol was well increased by other organic solvents. Therefore, it is
necessary to take special precautions against the skin absorption of organic

solvents.
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1. A38E4
2ol A FIE, A, HEAAC AF AMEEHE §U1&AFE Al
AFE a8 A {784 WEFS 522 Toluene(Junsei chemical), 7=+
2 MIBK(Yakuri pure chemicals), &&= Isopropyl alcohol(Sigma), ©}AH| ]
EFol Butyl acetate(Aldrich) St} ol E4& BF 535 A3 o, &
G784 AN ddELS 1 1 HEE F53 £Fc & 23842 4%
J 514

1
of ALgSHICh Agel AHEE f71 84 &
33 Rt} olE ARF 53 * 3

A AR dS Z2age o3 FHAS e A

Table 3. F718A7F2 =84 384 4 54A=

AL 7S S
A EEA Bareg web g3nb Ly TLV
"2 (ton) ° T ° 7 (mmHg)" #A<=P

Toluene 152,433 92.14  0.87 573.1 13000 12.1 2.73 50

MIBK 27,839 100.2  0.80 8888 5687 35.8 1.31 150

Isopropyl

21,330 60.10 0.78 40240 16000 106.0 0.05 400
alcohol
Butyl

1,660 116.16 0.88 3128 2000 33.9 1.78 50
acetate

19939 % AL (S Ak ok T ek, 1994)
EPI program A&
© RTECS #&



1079 ¢] SPF Sprague Dawleyﬁ]i«] &4 Rat(SD rat)E& W3hd g &= AlEl
o 4] Bokdrol &% 23+2T, AUlEE 55+£5C, WA 1241 7HEE A 7F
07:00 - 19:00)& FAt= 2AdAM =S AHSSY 12-15F9 9] AH3 s &5

Aol AHgatgh

3. A9

4

SN

1) In vitro ¥ 552

12-155%2] SD Rat2 233U Pentobarbital(Hanlim Pharm. Co.) 50
mg/kge] 8oz WAALT PAE BES SEE WA nAFL 2ol

g AAG Y. Rat 355 Aol ARgstr] et HF 9Fo AAFES F
sk o IR Bty ARtd @ 2AERS 9FE25Y FEA7 R &
Aol HFE 12A HAN nAHAZT 9FEFI AJES AAE7] flste] 35
W7 18 mel HZEHS =7Hd & A (a-cyanoacrylate) & H &3t FAE H7|
(X F30m, Fo] Tmo.2 Eel AFH YFE T 1GNNS HEE FY
JR-5 ug yFEE Adstal figure 10149 o] I F-FakAlel 1174315t

Figure 1. In vitro |53} &5 SHGA (I 5-2AA%A])
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1. 2343}

1L 9d §718A9 N SE

Z+E Y F718AY 9RFIER WstE SAsH] AA &
Toluene, Butyl acetate, MIBK, Isopropyl alcohol®] ¥ H 53} &5 =439}
Table 49 HPAAZRE IFFFEEE 54T 23 Toluened] |FF3} £
T 0.225 mg/cm?/hr ©] Y3, Butyl acetate’= 0.845 mg/cm?®/hr, MIBK:= 0.231
mg/cm?/hr, Isopropyl alcohol 0.301 mg/cm?/hr ©] 2t} Figure 204 &7] 44
o] v RERTFS Az FIF(mg/cmD)e] TR eI

Table 4. & §7]8#1¢ 9FE3 2H(F$): mg/cm?)
F3} A1 7k hr)

ANad=d Al E

1 2 3 4
1 0.251 0.525 2.336 1.280
2 0.184 0.314 0.687 0.885
Toluene
3 0.174 0.330 0.804 1.007
Average£SD  0.203+0.034 0.390+0.096 0.842+0.145 1.057+0.165
1 0.457 0.915 1.742 2.368
Bt 9 0.641 1.057 1.941 2.664
3 0.495 1.071 1.889 2.720
acetate 4 0.682 1.297 2.049 9.797
Average+SD 0.569+0.095 1.0854+0.137 1.905+0.111 2.637+0.162
1 0.064 0.198 0.385 0.753
IBK 9 0.030 0.251 0.410 0.615
3 0.042 0.216 0.267 0.943
Average+SD  0.045+0.014 0.22240.022 0.354+0.062 0.770+0.134
1 0.251 0.525 1.336 1.280
Isopropyl 2 0.184 0.314 0.687 0.885
alcohol 3 0.174 0.330 0.804 1.007

AveragexSD 0.203%£0.034 0.390£0.145 0.842+0.145 1.057£0.165
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1) Toluene ¥ Toluene =3%+-&A)

Toluene ¥ Toluene &3-8A19] 3F-F S Figure 39 At F35F 1
g2 JeEPA AL, IF-F3E5EE Table 40 YERAATE 2 23} Toluene T
o vk EAAL o MREFAEEE 0.225 cm/cm’/hr o FapgE
= 0.259 x 107 em/hrdt}. TolueneS Isopropyl alcohol, MIBK, Butyl acetate 9}
Zkzh 10 12 et 9 FaEesE S48 29 AE*EJJriEE Z}+z} 0.338,
0.347, 0.117 mg/cm*/hrol 1 F3dE 242 0.269 x 107, 0.798 x 107, 0.777
x 107 cm/h gt} o14+9] A7} TolueneS A EAo| H]3}o] Isopropyl alcoholZ}
SeAl = AdFEgE e Wyl gleloy MIBK, Butyl acetate$} £3AE 3

EAE
REAG of 3ue S,

Table 4. Toluene® ¥R -EF<Eo 3t =3 F7]8&A49 A3k

AREDEE  FEaAFS(Kp) .

3-7]-8A AN EL B
718 (mg/cm?/hour) (cm/hour x107%) SATIH &
Toluene 0.225 0.259 1.00
Isopropyl alcohol 0.117 0.269 1.04
MIBK 0.347 0.798 3.08
Butyl acetate 0.338 0.777 3.00
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T
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2) Butyl acetate ¥ Butyl acetate&%& 9] ¥ H-F3}

Butyl acetate % Butyl acetate &3-849 3| H 535S Figure 49 A7
FoeE adze dJeplal, vFFaEEs Table 590 L}E}LHOJE} o A
Butyl acetate®] FF-E3I} &%= 0.845 mg/cm?/hrd o E3A44E= 0.960 x
107 cm/hr$it}. Isopropyl alcohol@} 1 : 1 %A Butyl acetate«] FaA =

2.98 x 10° cm/hrol Q93 MIBK 2 Toluene®} 1 : 1 &3HA] 3| -S4 4= zhz)

1.03 x 107, 0.82 x 10 cm/hrth. Butyl acetate® @l A& 13}
[sopropyl alcohol®} &3tA] A HEIn] &S 3.1%2 YERT
Table 5. Butyl acetate®] ¥F-&5&xo] 3t =3 F7] 849
SohE ¥ FIRKD)
S 7] 8-A o A E T 88
#7184 (mg/cm?®/hr) (cm/hour x107%) ST} &
Butyl acetate 0.845 0.96 1.00
Isopropyl alcohol 1.313 2.98 3.10
MIBK 0.451 1.03 1.07
0.361 0.82 0.85

Toluene







4px

3) MIBK % MIBKE%=29] 95773 £

MIBK % MIBK Z-8A¢] 75333 Figure 500l AZbo) Fabaf e
2 Yehfidar, v EaE5= Table 69 Yebide. 2 23 MIBKe| 953%
7 &%= 0.231 mg/cm?/hr$l —rJJr’z}—’Ft 0.289 x 107 cm/hrglt}. Isopropyl
alcohol® E3A F#AFE 154 x 107 em/hr®2 £71819 31, Butyl acetate$}
E9A1E 6.68 x 107 em/hr, Toluened} &34 0.755 x 107° cm/hr& 7+ 5
Vel Ao F 3R] &S AlAFeE 23 MIBK= Isopropyl alcohold} &3HA|= 5.3
Butyl acetate®} <3FA &= 23.1, Toluened} T A= 2.6 =2 I F-FIH]&o] YEFS
=3

Table 6 MIBK®] 3] §-Fap&ieo] ek E§#7]842 9&F

AREIEE  EaE(Kp)
o 7 _Q_ﬂ AN E 3L 1S
7184 (mg/cm®/hour)  (cm/hour x107%) SHT &
MIBK 0.231 0.29 1.00
Isopropyl alcohol 0.616 1.54 5.33
Butyl acetate 0.267 6.68 23.11
Toluene 0.302 0.76 2.61







.
.

o

B3

4

4) Isopprpyl alcohol % Isopropyl alcohol< g+ 2]

Isopropyl alcohol % Isopropyl alcohol &89 X -F3}2S Figure 69
Al FabeE a2 GeEhlal, dR-F3EEs Table 7o) WYERARIE L
A3} [sopropyl alcohol®] FH-E3} £%E= 0.301 mg/cm?/hr o Fad4E=
0.386 x 10 cm/hr it} MIBK, Butyl acetate, Toluene® Z}zF 1 @ 1 E3A]
Isopropyl alcohol®] &%= 7+z) 18,782, 13.262, 3.424 mg/cm®/hr $3 T3}
A 7b2E 8,75 x 1077, 34.0 x 107°, 48.2 x 107° em/hrQie}h. E-h7]8419] 4
o HE-FIH S 3 23 MIBKY E3HA|= 22.7, Butyl acetated} &A=
88.0, Toluene¥ A= 124.92 ety

Table 7 Isopropyl alcohol®] ¥F-Fajdo] thah E3+77] 849 &k

AHEREE  FIAEKp)
o 7 _Q_ﬂ AN E 3L 1S
718 (mg/cm®hour) (cm/hour x107%) Al
Isopropyl alcohol 0.301 0.39 1.00
MIBK 3.414 8.75 22.67
Butyl acetate 13.262 34.0 88.02
Toluene 18.782 48.2 124.87
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0y

AGgFol A= AL EE F718AlE T2 E3dE o] AFEE I Stk Al A
A AREE = HJEC ¥ {718 A= Toluene, Xylene, MEK, MIBK,
Ethyl acetate, Isopropyl alcohol +2.2 Z3t5E o] ARGE Il 9lom, 31449 7
-9 &= Touene, Ethyl acetate, Xylene, Ethyl benzene, Ethanol, Isobutyl alcohol
ToR FE EEo] AREEHIL gl

B QFE ol @ 418AR £l 9%E 2
of 9%E F H3tEdel AU F5Hstel 9l gA9 Edl F
DA FE BARL o5 FAEAY Aol A AEA Aol o
FEFstete] 5498 7F 71ES AAetaat el

AQE, AAA Fol AHEHE F18AFe A
olsoldtia elA ek e A f718Ae
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Talbe 8ol A K= H}Q‘r o] =

TE—’F?L:JP A Aol 7t v, ‘43}1 NEFFEEE 545

F3l5 o] A= Hsk Al o))

2 AFM e ERTIEAY R EREESE 5887 9t SD ratg ©|
S8t in vitrodl A @dEde] dRFHEES SHT A3 Tolueneo] 0.225
mg/cm®/hr, Butyl acetate’} 0.845 mg/cm?/hr, MIBK7} 0.231 mg/cm%/hr,
Isopropyl alcohol®] 0.301 mg/cm®/hr %It} o] A& A&AGe] AFAv}e=
2-3 WA YRFFEETE S8 A SAHEATEHAG, 1996). o= A A&
gt sE W SAAY Aol o= AXE FETh



Table 8. Percutaneous absorption of liquid solvents in vivo

Skin absorption

Substance rate Species Reference
(mg/hr/cm®)

Benzene 0.4 Human Hanke, 1961
Benzene 0.24 Human Maibach et al., 1981
Benzene 0.229 Mouse Tsuruta, 1986
Toluene 14-23 Human Dutkiewicz et al., 1967
Toluene 0.0442 Mouse Tsuruta, 1986
Styrene 9-15 Human Dutkiewicz et al., 1968
Styrene 0.060 Human Berode et al., 1985
Xylene 4.5-9.6 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 Rithimaki, 1979
m-Xylene 0.0182 Mouse Tsuruta, 1986
MIBK 0.248-0.480 Human Divincenzo et al., 1978
MIBK 1.39 Dog Divincenzo et al., 1978
2-Butoxyethanol 1.21 Rat Johanson et al 1988
2-Butoxyethanol 0.369-3.28 Guinea pig  Johanson et al 1986
2-Butoxyethanol 0.05-0.678 Human Johanson et al 1988




AdFszo i AF F71&AE JAFAA A F4d 71845 AF
AFele in vivo A@WHol dAMA AN HREFFELEE A5k M
T2 wyoz dEA Ak In vivo A2 Figure 83 #o] {71841 ¥
Fof AH AFZAIA FFA7IH, S8 I ANxAES AA D LA st
A& FE F718AY s A s

Figure 8. in vivo J¥-F523% W
o] AFWHORE FHEEE SAS] HdlAe B s=5 AMEste] Hiket
ARG S o AHoF 7] wiitel in vitro 23X T3 IFFAEHLEE

in vivodlA9 IRFIFEEE dFseE AL OHE'—OVE}(Franz 1975;

Tsuruta, 1977). Tsurutas= Chlorinated solvent& ©|
T FFEJETE in vivooll A FRFFEER oS3 0#—??— e A=t
(Tsuruta, 1977). Tsuruta® A7 9stA in vitrool Aol 3 F =9 in

vivooll Mol dF-F4&ies ofdoh o] JudAE ol

log Y = 0.510 logX + 1.49 y= 0.987

Y = in vivool A9 IH3F45 £ %(nmole/min/cm?) -— @

X = in vitrod] A ¢] ¥ E3} 2% (nmole/min/cm?)




Table 9+ in vitro Y55

2= A=
BE5E

=

2 gad dxtelr. datd dd

P =1
e —y

Tsuruta®] 2H2F21o 9]&l in vivoeol A9

F718Ae] VFFFEEs

Toluene®] 1.131 mg/cm%hr, MIBK7} 1.194 mg/cm?/hr2 Table 8914 YERA 7]

Zz gqB. &=
ti’%“rﬁ‘r

w9 fAbd A3E ehle ¢ 5 Aok

Table 9 Dermal absorption rate calculated by Tsuruta method

Penetration Penetration Absorption Absorption

Main solvent Additional rate rate rate rate
solvent (mg/cm?/hr) (nmol/cm*min) (nmol/cm*/min) (mg/cm?/hr)
Toluene 0.225 40.70 204.59 1.131
Isopropyl alcohol 0.117 21.16 146.56 0.810
Toluene
MIBK 0.347 62.77 255.18 1.411
Butyl acetate 0.338 61.14 251.78 1.392
Butyl acetate 0.845 121.24 356.99 2.488
B u t y 1 Isopropyl alcohol 1.313 188.39 446.97 3.255
acetate MIBK 0.451 64.71 259.18 1.806
Toluene 0.361 51.80 231.37 16.13
MIBK 0.231 38.42 198.67 1.194
MIBK Isopropyl alcohol 0.616 102.46 327.63 1.970
Butyl acetate 0.267 44.41 213.90 1.286
Toluene 0.302 50.23 227.77 1.369
Isopropyl alcohol 0.301 83.47 295.11 1.774
Isopropyl MIBK 3.414 946.76 1018.32 6.122
alcohol Butyl acetate 13.262 3677.76 2034.45 12.231
Toluene 18.782 5208.54 2429.55 14.606




X tH(Stewart, 1964; Tsuruta,
¥s 5o YE FoE Y vl

1

1975). Tsuruta= % ‘ﬂﬂoﬂf\i g 52
37 95t oemt 7ol 71A ST
D) #RF5E E gl hekel AgetA Lojurt.
2) Abgtel QlojA o W
3) A el A o] Alghe i
4) HAM = 50%°] HlE&E F57F dojdth
s1e] 7Hgel o8l §718A7 Abgke] el A AHEA HW ARE F9)

A2 Aol = 1000 I/hr o]},

o 1

%k & 300 I/hro]™,

FoH G ofdle] T4 @, @ o] Aojyel.
B2 20 ol H718AF AEA 1A B NRE F o
Amount of penetration(mg/hr) = 800(cm®) x penetration rate(mg/cm?®/hr)| -—- @
B4 31 Feel 4718A} AFA 18 ARE B T4
-—— ®

Amount of penetration(mg/min) = 800(cm?) x penetration rate(mg/cm*/hr) x 1/60(hr/min)

EF 99 T o8] AN WEFFGG FAR Fo| BFS
7% 18R 71F R e 4 @, 6 o8 78 5 g

=

T4 4 A

Amount of penetrated organic solvents (mg/hr) x 1000
—- @

Equivalent
vapor'

300 I/hr(respiratory volueme) x 0.5(Retention of inhalation) x MW/24.45




o

450 AAYA AREFFE FAT o] FOR FH] A% N FHE

, Amount of penetrated organic solvents (mg/hr) x 1000
Equivalent

2
r
vapo 1000 l/hr(respiratory volueme) x 0.5(Retention of inhalation) x MW/24.45
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Table 10. Estimated volueme of mixed organic solvents retained in the body
from results of immersion of both hands and concentration of the same

solvents for equivalent vapor exposure

Absorption . Concentration of
Main solvent Additional solvent rate Retained amount equivalent vapor
) (mg/hr)

(mg/cm®/hr) (ppm)
Toluene 1.131 904.8 1600.6
Toluene Isopropyl alcohol 0.810 648.0 1146.3
MIBK 1.411 1128.8 1996.9
Butyl acetate 1.392 1113.6 1970.0
Butyl acetate 2.488 1990.4 2793.0
Butyl acetate Isopropyl alcohol 3.255 2604.0 3654.0
MIBK 1.806 1444.8 2027.4
Toluene 1.613 1290.4 1810.7
MIBK 1.194 955.2 1340.4
MIBK Isopropyl alcohol 1.970 1576.0 2211.5
Butyl acetate 1.286 1028.8 1443.7
Toluene 1.369 1095.2 1536.8
Isopropyl alcohol 1.774 1419.2 1991.5
Isopropyl MIBK 6.122 4897.6 6872.5
alcohol Butyl acetate 12.231 9784.8 13730.4
Toluene 14.606 11684.8 16396.5
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Toluene®] MIBK, Butyl acetate®} 8o =ZF 9ol otAHA] 217
1996.9 ppm, 1970.0 ppm, 24 A 599.10 ppm, 591.0 ppmeol] == A} &
a7 el o o]= AE STELA H U= & X%t} Isopropyl alcohol
23 o8 HFEFFEETE 7P A ST fF71E A= Isopropyl alcohol«]
Ae-olE g5 HEA] kAo = 1991.5 ppm, &G 6 E 597.5 ppmell =EF
237 el oy, MIBKeF E3A = Hg4Hlol A= 6872.5 ppm, 76‘;—%“3’\]%
2061.8 ppmo =% &@¥7} YEl o™, Butyl acetate?} E3HA] QA E| o] A
13730.4 ppm, A2 Aol+= 4119.1ppmol] ==% &7 YE% . Toluened &
Aol = P ol Al 16396.5 ppm, H 2 A A= 4919.0 ppmol =& G347}
LhEpSE T

N

AQAANNE f71 84 AFA RELHS F8a7] wRo] Pl AN A
BAOE F718A mBHE BSE A9 glom, w3 FEo] 7184 A
AAoE wFHOE £& NETHEA dte] 1A%} o FAZ 7184 wE
A geE 9AE Lok AAPANA F718A FEol A PEE] £2 A
U 744 Aels Azke] 1Releha gste] 123 §718A0] mEHE FS o
AgE e AAYA 8N B9 FUL Bl FRE FOE BUFE F718
A NREFS BH ANEAS S5 48 457 B F Aok B4 6, 7

127 998 Fa E5E 3 AQBANAN 87 EPE o HAY 7

] Amount of penetrated organic solvents (mg/min) x 1000
Equivalent
vapor® B —®
300 I/hr(respiratory volueme) x 0.5(Retention of inhalation) x MW/24.45 x 8 hr
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Amount of penetrated organic solvents (mg/min) x 1000

- - @
1000 l/hr(respiratory volueme) x 0.5(Retention of inhalation) x MW/24.45 x 8hr

Equivalent

4
vapor




Table 112 &2 63 75 o] &3t 183F d&o] f7]| A A4 w22 4
9 OrAA] HE ARYA 8AI7F B mEHE 7)|F HEE Ve Ao|th X
A Hi upel o] AP Aol = b dHlol Hlske] 3.3ue] FEtEAC] ¥ &9
B & Atk SRARE] A]iel Sk vRE F dR7E Sl W
o ARE T F5E F/IEAIRE R oA e fREFFY] 25 AR
st WHAlE 298 Fdste AR AYFY] St wE F5SUPF 24 &
th. Table 119] Axel] w2y AAAAE 7|E02 & o FEol 187 =FA
Toluene 1 ppmel =FF o] 88X 24t a3& 7klth. Toluene®] 2374
5872 50 ppmO. & Toluene®] el 183 & =549 A foe 385
o] 5049] 1ol dFet= ol FFE T FFES & F Arh T 108 =

Table 11. #F71&A7F ol HEste] 123t S8 &3 LT Fol 8/
s

[e}
T FAH7 A TS E

Amount of Equivalent vapor Equivalent vapor

Main solvent Additional solvent absorbed (lasting state) (weak job)
(mg/min) (ppm) (ppm)
Toluene 15.08 3.33 1.00
Toluene Isopropyl alcohol 10.80 2.39 0.72
MIBK 18.81 4.16 1.26
Butyl acetate 18.56 4.10 1.24
Butyl acetate 33.17 5.82 1.75
Butyl acetate Isopropyl alcohol 43.40 7.61 2.28
MIBK 24.08 4.22 1.27
Toluene 21.51 3.77 1.13
MIBK 15.92 3.24 0.97
Isopropyl alcohol 26.27 5.34 1.60
MIBK
Butyl acetate 17.15 3.49 1.05
Toluene 18.25 3.71 1.11
Isopropyl alcohol 23.65 8.02 2.41
Isopropyl MIBK 81.63 27.67 8.30
alcohol Butyl acetate 163.08 55.29 16.59
Toluene 194.75 66.02 19.81




AT 10 ppmo] FFEIAE WERT webaA 2ol A Toluened] %7}
40 ppmol¥ FEEEE 23 A gyt veRdl Toluene©] Isopropyl
alcohol, MIBK, Butyl acetate®} &33}o] ALEE woll = ol 1 =FA] 2H7}
0.72 ppm, 1.26 ppm, 1.24 ppm<¢ Tolueneo| =% a3= 71X 4 Hc}, w3t
Isopropyl alcohol, MIBK, Butyl acetate® Z}7} 19.81 ppm, 1.11 ppm, 1.13 ppm
o 4 ZIHIF ety witel] EdRTIEAE AR w13 =EE o
L &R 5% ol &FE EIUF UEdH, 10301 w3 e 9RE
ot FHE Yol 85 50% o avE yEidA 28 ¢ 5 Utk

2 AFA AFEEFFEET 7MY S718 222 Isopropyl alcoholo] T,
[sopropyl alcohole 1 AA| 2= IF-S47F dEo 2 S5 o] B 23.65
mgl &2 FAAS 7T Z AxltstH Aol A 2.41 ppme| F57F YERHE
& 97F YRt} o] =X Isopropyl alcohold] &-85%2 400 ppm ¢ 0.6%=
FAISE 4= = FolA vk MIBK, Butyl acetate, Toluene¥} &3tAl:= 742 8.30
ppm, 16.59 ppm, 19.81 ppm¢] &¥}E YerdT. = Toluened 1 @ 1 EFA
[sopropyl alcohold 1#7F 3 85%9 5%l Gt o] S Edlo
A4 ¥t} webA Isopropyl alcohold @EALEAl= FRE E3lo] &
FAY Arm Hoy & {7848 et AMRE Fgoles IAFE
TTEHE dol A4S dod TteAel s d A

ACGIH®] 3]&8F %ol 23t Toluene> “skin" XA|7F H o] 9121 Isopropyl
alcohols T F7]&Ao= "skin" EA7F Ho] g &Fh, 2 A9
== %?"L =9 B% AdA=7t 27}3“’“ W}E]r T]‘ﬂ““lﬂ]
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A
TX 4.165 mg/cm?/hro|t}. F3}&
of g™ webA 2-bromopropane°] ¥ 4 =% 1835.3
1 a7t ey, 1873 =34 578 S AAJA] 8AIZHE S

g F de Yo7 AXstd 3.82 ppm &2 UERGTE @A) 2-b
& & gEwrl 5 ppm MYo R HAANER s =yl o] Fo]

Ao o, uhet
A Ao ¢St 2-bromopropane< & F3 F4EC] HASAHSE 4o
7 7hsAde] w9 & EZ ol 2-bromopropaned] HHAl 53] AF =S WA
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Toluene, Butyl acetate, MIBK, Isopropyl alcohol®] 2 AF¢E Z

1.78, 1.31, 0.05% Toluene©o] H|=/do] 7} =A™, Isopropyl alcohol®] =73
AT & AFNANE 22 S0 mE RFRSE FdS I
o}, FAEAe Isopropyl alcohol?] ¥F-Fydzo)] nx= J3Fo Hl A
o] & Toluene°] 7} =31, MIBK7} 7F4 A it}
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V.42 &
% o] &3 EF7IEAe MEFY £EE Aot ey 22
LT EAo HREINEEE =43 AT Toluene© 0.225 mg/cm?/hr, Butyl
acetate”} 0.845 mg/cm?®/hr, MIBK”7} 0.237 mg/cm®/hr, Isopropyl alcohol©]
0.301 mg/cm?/hr Tt
2. BFF7I8AS HRFY £25 SAHS] fste] 2 {7 8Ae] E@H e
£3r] 1 12 3Fo] AF3 A3} Toluened U EAA oA v H-Fapa)a=
7} 0.259 x 107 cm/hro] 912 ™, Isopropyl alcohol, MIBK, Butyl acetate$} 1 :
1 2 A JFF377F 242 1.04, 3.08, 38 F7Fsksitt
7} 0.960 x 107° cm/hr$l2.M isopropyl alcohol,
Faaa== Z2H2) 3.14, 1.07, 0.854] it
cm/hr |1 2™ Isopropyl alcohol
= Z242) 5.31, 23.03, 2.97

o B3} A

)

3. Butyl acetatex= ¥ H-F Ak

MIBK, toluene®} 1 : 1&3%A] 5
= 0.289 x 107°
cm/hr$l 2™ MIBK, Butyl
A LT

4. MIBK®O] I|H-F3} A4
Butyl acetate, Toluene¥} 1 : 1 Z3}A]
v Z7}skol o
5. Isopropyl alcohol®] ¥#-E344= 0.386 x10°
acetate, Toluene®} 1:1 &3MA|= Z+7} 22.4, 87.2, 125.6M) S7Fsldth
6. dd=d 9 HdRr|&AY YRFEREES IHEFFEER G & gE
& Fsto] 13 9 &S At BAYGA AR s sUg go] &
dow A & 9e For A A Tolueneo] IF-& 1#7F FF9 &
BAAeoNA 1 ppmo = 8AIRF FYE Gl alFEden, Isopropyl
alcohol, MIBK, Butyl acetate®} &1 1 : 1 &£3Ald+= Z+2} 0.72 ppm, 1.26
ppm, 1.34 ppmell ajFstlet. 3ol o HFF7F 7HE A S &4
ol Isopropyl alcohol ©EHEAE 187 o2 S5 o] ZAs7d
FE Uy FdIF o MIBK, Butyl acetate,

A 241 ppmoZ 8AI7F &
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1. Isopropyl alcohol®] I H-F3} &

=1

RE

RE 1hr 2hr 3hr 4hr
1 0.251 0.525 1.336 1.280
2 0.184 0.314 0.687 0.885
3 0.174 0.330 0.804 1.007
Hat 0.203 0.390 0.842 1.057
ETHA 0.034 0.096 0.145 0.165

2. Isopropyl alcohol?] ¥R %=z

£ % (Toluene® 1:1 &3A))

R
lhr 2hr 3hr 4hr
A&

1 1.516 20.152 29.110 51.671

2 1.112 19.877 36.737 68.025

3 1.209 22.681 40.847 57.235

Bt 1.279 20.903 35.565 58.997
¥FHA 0.172 1.262 4.863 6.789

g

3. Isopropyl alcohol®] ¥¥-%3} &% (Methyl isobutylketone®} 1:1%
Al ZF
RE lhr 2hr 3hr 4hr
1 0.276 2.311 5.150 9.649
2 0.432 2.503 6.589 14.331
3 0.306 2.780 4.983 8.133
it 0.338 2.531 5.574 10.704
¥z 0.068 0.192 0.721 2.638

D



4. Isopropyl alcohol?] ¥]§-F3

£ (Butyl acetate®} 1:1&%HA])

Al 3E 1hr 2hr 3hr 4hr
A&
1 0.485 5.285 21.804 38.271
2 0.664 5.398 18.224 47.149
3 0.537 4.925 15.826 35.098
ALt 0.562 5.203 18.993 40.173
xR 0.075 0.202 2.054 5.100
5. MIBK?] ¥ F-F3} &=
R
RE lhr 2hr 3hr 4hr
1 0.064 0.198 0.385 0.753
2 0.030 0.251 0.410 0.615
3 0.042 0.216 0.267 0.943
3t 0.045 0.222 0.354 0.770
R b 0.014 0.022 0.062 0.134
6. MIBK®] 3H-H3} &% (Toluened 1:1=3HA])
A
A lhr 2hr 3hr 4hr
1 0.381 0.980 1.024 1.989
2 0.477 1.008 1.806 2.922
3 0.308 0.911 1.215 2.031
ALt 0.389 0.966 1.348 2.314
xR 0.069 0.041 0.333 0.430




7. MIBK®] ¥]5§-F3

2% (Isopropyl alcohol®} 1:1&3%FA])

REG
RE lhr 2hr 3hr 4hr
1 0.181 0.447 0.732 1.007
2 0.130 0.382 0.428 1.092
3 0.074 0.248 0.476 0.710
4 0.033 0.295 0.567 0.889
Bt 0.105 0.343 0.551 0.925
xT=HA 0.056 0.077 0.116 0.143
8. MIBK®9] ¥ H- %3} &% (Butyl acetata®l 1:1&3HA])
REG
RE lhr 2hr 3hr 4hr
) 0.360 0.825 1.020 1.279
5 0.388 0.506 0.991 1.352
5 0.287 0.569 0.973 1.097
0.358 0.974 1.143 1.274
ALt 0.348 0.719 1.032 1.251
R b 0.037 0.190 0.066 0.094
9. Toluene?] ¥HFF3} &=
A2
A lhr 2hr 3hr 4hr
1 0.064 0.203 0.442 0.710
5 0.164 0.347 0.605 0.829
3 0.105 0.312 0.520 0.705
0.114 0.316 0.585 0.875
Hat 0.112 0.295 0.538 0.780
R b 0.036 0.055 0.064 0.074




10. Toluened |5 HF3} &% (Isopropyl alcohol®} 1:1&3HA])
Al ZE
lhr 2hr 3hr 4hr
A8
] 0.034 0.162 0.247 0.402
9 0.030 0.157 0.219 0.411
3 0.147 0.266 0.350 0.438
0.200 0.345 0.467 0.598
At 0.103 0.233 0.321 0.462
Xzt 0.073 0.078 0.096 0.079
11. Toluene®] IF-F3} &&= (MIBKSF 1:1-3A)
Al ZE
RE lhr 2hr 3hr 4hr
) 0.121 0.329 0.697 1.280
9 0.051 0.240 0.496 0.875
3 0.094 0.335 0.707 1.400
0.030 0.261 0.486 0.958
it 0.074 0.291 0.597 1.128
R bl 0.036 0.041 0.106 0.218

12. Toluene?d ¥ X-%3} &% (Butyl acetate®} 1:1&3%HA])

A3k
R lhr 2hr 3hr 4hr
1 0.287 0.613 1.053 1.494
9 0.212 0.527 0.824 1.111
3 0.181 0.517 0.792 1.160
0.204 0.511 0.855 1.177
Bt 0.221 0.542 0.881 1.236
B 0.040 0.041 0.102 0.151




13. Butyl acetate®] 3553}

A ZE
RE lhr 2hr 3hr 4hr
. 0.457 0.915 1.742 2.368
5 0.641 1.057 1.941 2.664
5 0.495 1.071 1.889 2.720
0.682 1.297 2.049 2.797
ALt 0.569 1.085 1.905 2.637
XAt 0.095 0.137 0.111 0.162

14. Butyl acetated] ¥|55F3} &% (Isopropyl alcohol¥} 1:1&3HA])

R
R lhr 2hr 3hr 4hr
1 0.276 0.812 2.942 4.278
2 0.301 0.997 2.960 4.301
3 0.272 0.871 2.140 3.411
3t 0.216 0.893 2.681 3.997
R b 0.060 0.077 0.382 0.414
15. Butyl acetate (MIBK®} 1;1=%A])
A ZF
RE lhr 2hr 3hr 4hr
1 0.260 0.625 1.179 1.020
5 0.388 0.506 0.991 1.352
3 0.187 0.469 0.873 1.097
0.358 0.874 1.143 1.627
it 0.298 0.619 1.047 1.274
xR 0.080 0.158 0.123 0.238




16. Butyl acetate (Toluene®} 1:1&3%A])

R
RE lhr 2hr 3hr 4hr
] 0.287 0.613 0.953 1.494
9 0.212 0.527 0.824 1.211
3 0.180 0.517 0.892 1.260
0.204 0.511 0.855 1.277
ALt 0.221 0.542 0.881 1.311
xT=HA 0.040 0.041 0.048 0.109




