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A Study on Composition of Solvent Thinners and Evaporation in the Air

Kyung Ehi Zoh, Nam Won Paik

School of Public Health, Seou! Narional Universuty, Seoul, Korea

For twelve solvent thinners, evaporation rates of components were investigated and models to esti-
mate the actual concentration have been evaluated. Also, the current ACGIH TLVs (Threshold Limit
Values) for the concentration of organic mixtures have been adjusted.

The results of this study are summarized as follows :

1. Airborne concentrations of solvent thinner components were related to their respective vapor
pressure (r=0.96). On the other hand, there was no significant relation between the concentrations in
the air of the thinner compounds and the origina: amount in liquid form.

2. Airborne concentrations of each chemical were estimated by temperature at 8.5+ 1, 16.7+ 1 and
31.5+2 € with an air velocity of 1.5 m/s. The concentrations were increased by increasing tempera-
ture (p<0.05). The percentage of concentrations were proportionate to their respective percentage of
vapor pressure. Among the chemicals studied, n-butyl acetate, n-butyl alcohol, m-xylene, p-xylene
and o-xylene showed a clear relationship to temperature.

3. Airborne concentration of each chemical was estimated by air velocity at 0.05, 1.50 and 2.50
m/s, with a constant temperature at 17 +2 C. The concentrations were increased by increasing air
velocity (p<0.05). The percentage of concentrations were proportionate to their respective percentage
of vapor pressure. Among the chemicals studied, n-butyl alcohol, m-xylene and p-xylene showed a
clear relationship to velocity.

4. In estimating the concentrations of solvent thinners by temperature and air velocity, ACGIH
TLVs for mixtures tended to be larger than the values obtained by ACGIH exposure index. It shows
that ACGIH TLVs for mixtures are not adequate for evaluating the airborne concentration of thinners
and other organic mixtures.



5. The evaporation rate of the thinners were compared to the theoretical equations of Hummel,
Braun and Mackay. The Hummel and Braun methods were close to exposure index but Makay' s
showed an underestimated value. In order to see the accuracy of each three models, the SSE (Error
Sum of Squares) calculated for Hummel’ s was 1.73, being the closest to the actual values.

6. Present ACGIH TLVs for mixtures are not appropriate evaluate industrial environments. In this
study, a correction of TLVs using vapor pressure of respective components was suggested. In order
to evaluate the corrected TLVs a paired t-test was performed. There was no significant difference
between the exposure index and the concentration over suggested TLVs (p>0.05). Thus, this correct-
ed TLVs seem appropriate in order to evaluate actual industrial workplaces organic chemical concen-

tration in the air.
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AAFA M 3] AHEEHE EERI1EAY
hbe Alu(solvent thinner) ot} Avtel £58
B AAAEe BES 7 o, AAE «, #HAE
E HNAFIAYG oAl A EE & o, AZgo)
HRAE BHE AXE o F o FHSsHA ALS
g1 vk dEFHoR @ol 2olu e XL =F
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8 79 938 Foho] A 7] Ay ABES
B4R olHT FAFE AR AU M85
AEEC] BgHYE o] JREZ FAHY FFEIE
Ay /M 3= FEE ARs ZTYPF AEE F
FEME A olFA HY - AHF BME A
white spirit ¥ A&7 &3dc] A Z Ay
12%& A9t

2. AFLHY

1 Aot 7|9 B4

A F7)e] Fdele 27] 30x20%20 ard) s
gl 2% exposure chamberg& A}-&3t5TH
178 TAANE = URE Ui $E01E ARe)
AL, IV HE o8 AEEYY 2%, 71F %
o] £33 Hstd HIY 2719 799 (opening) &
SEATHEEY F, 1996). Exposure chamber
o] % IR MY BE(Gilian, USA)E +}
48 2.0~2.4 IpmeE dAge] FrE TFE
An, thE FHRdM dFFY ZVE wWFo| B
9] 4 (dynamic or continuous system) &
A HH(ACGIH, 1995). zZtzte] g2 g2
Teflon FEP Flurocarbon resin tubes® @7
At} Exposure chambere] vzt @71 23
1.5 cme Ble|AE F3 AUE 373l FA)
¥ chamber ol BEAFE7 5 S993E o
83t Fr)F F/184E T8

FNF AV S JEE He] FE 949 S
=9} 7IRE 22 WEAAA Alve] Al S
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olgsla] AlAlAel HWFLE @A zHzt 8 5=1,
16.7+1, 31.5+2 TR ¥W3NAD, 71HE expo-
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1.50, 2.50 m/s® WHIAAHT (FE ¢ 50%8 o
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2) EAdy

Alge] ¥R FHL uFIYIPLAEHAT
% (National Institute for Occupational Safety
and Health, NIOSH) <A F3d e FPAEE<
1501 ¥y e} AAEEY(NIOSH, 1994). 4]

BXEHAF vFAFYHLR FEE B AR
MUY E (Gilian, USA) & dF% vz 7
2704 ¢ 0.1 lpme F&H22 0¥ E<t I
ERE

I SRS J=2d FIAHRE AA
¥ vialol €3 o|F3er 1 mlE JHe 30 B
ol EECFUAN BERAAG, @A X
microsyringe2 A®34& GC/FID (Gas
Chromatograph/Flame Ionizing Detector,
Model HP 5890 Hewlett PackardA}, USA)#
BT GCol FU8) dojn ZRulE 2364
el HyE 7 F EEAY FU o8 wiA
I ovjmste 2 §718A9 FEE ARt T

E5 9 BEAS BEol PNV F ABME

ot MBS JREAE FREen, gs
£ 2 F& B8

. Za & o3
1 olgy ¥

7192 44 e aHe FEdeels vy
A 371 £ Agte otk dukdow
golgtnx atedl, e dHe BULH =
A e FEAA SHRAT F) a7} e
ste Fe wdth AAAAA A1 AR 3
Z1gE BF TR AR A=Y 97 Fa8)
o 718 NF sEge] BAle o dvA
Aol oty A (1)3 2ol vebdth(Popendorf,
1984).

M

I G
=~ Rl =——RT = YP

Vol MW, am X 107 o

P = either vapor or partial pressure of componeni
{, mmHg,

n = milligram-moles of component i,

Vol = r1otal gas volume, mp,

R= gas constani, 6.236 x 10-5 (mmHg m?)/
tmgmole’K),

T= absolute gas temperature, °K,

C, = concentration of component i, mg/nr,

MW, = molecular weight of component i,
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Y= molar concentration of component i, ppm,
Patm = 1otal atmospheric pressure, nominally 760

mmHg

SUEAY FUIUR &Y YL v, THE
A9 Atde ¢R(GAgMe sx) 9} e
T8RS e vt ddEgde] 2xo g
F71%42 Wagner 2o oj3] 2(2) 9 o] Yehd
™} (Reid et al., 1987).

N 0.98692 X exp{(1-x)'(Ax+Bx'*+Cax'+Dx")}

2
e 6)

b

p:* = vapor pressure of component i, atm,

x=1-
Tc,

T = absolute gas temperature, °X,
T¢, = critical temperature of component i, °K,
Pc; = critical pressure of component i, arm,

A, B, C, D, = constants of component i

Fig. 1& 4 ()& ANg exol & ol E, §
Fd, n-%E 39 FVIgelth. FUIHe 254
0 F7kske e Holw AFgse 2Ygg y
Bia st 844 37Ige Z 2de 3a43
o e F71¢ #3 2o 0 Mo|E g ¥
AFgrier F7lshe F3E 2,

EHEAAN & d¥e FFe 4 Q2 7%

OO 4

Vepor Pressure (alm)
RERRAR

OCUE 4§

§

Fig. 1. Vapor Pressure of Acetone, Toluene and n-Buty!
Alcohol by Temperature Calculated by
Equation(2)

U EA9] 7Yl Raoulte] HAL o] &3l 7
gtk Raoultd ¥ 4(3)7 2oH(Himmelb-
lau, 1989), (Bishop et al., 1982).

pi=p’:(x‘i (3

p; = partial pressure of component { in the gas phases,
atm
p;* = vapor pressure of component i, atm

x; = liquid-phase mole fraction of component i

THEY TGS DY It 7 23
9 EFEECE ANYT BEEL EFEIY B
AR 73H g wdste Rolnh weld EYEa
W AR F7Ide 2 AN Frigs 7
“Ju1 & neisted Adkd Aol

2 AYlA AHgE Av 2 FHHEe] 20 Col
A9} F719H& 2 (2) & ol &3t} AAabE Table 1
W Atk opdge] FYIe 184 mHgE sHg =2
21, WA, o ol4elo|E, MEK (methyl ethyl
ketone) £22 At} ©lF WAL WP do
Yle U9 BAR AMe DA JFL Foz
e 232 diAshe Ao] wigAE Aol 2y
A2gBe F7de] 1 mHgR 713 BolA opxE
He| F71% kel Ral 240Uy "k weba of

Table 1. Vapor Pressure of Thinner Components at 20 ¢

Vapor Pressure
Components

Cellosolve Acetate
Butyl Cellosolve

(mmHg, 20 ©)

Acetone 184
Benzene 75
Ethy] Acetate 73
MEK 71
Toluene 22
MIBK 15
n-Buty! Acetate 9
Ethyl Benzene 7
p-Xylene 7
m-Xylene 6
0-Xylene 5
n-Butyl Alcohol 5

1

1
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MEZ e d2£87) o gle Alve] AL o}
HEL HFE Foo] He 9, ¥Y dedue
715 A9 FUskAl A "ok §¥, d2gn
ool Ex BAJo] el FEBAYAN 4 3
Ao i 2L, HUYY, FFRAANEE A4
gotn Eng v IR A, 1995). A2&H o}
Aol Ee] HE7ES 27 mg/mE BA AR
AL, HRE B8 F5dvin EAEO) ok a8
4, AA F71gel 1 mHgR v Reng FrE
FEe A9 dojua) A "ot

Avtet 22 ERA7IEAY F1F ¥5E W)
g e TFEY HEFEE ALel] 23} oRE
BT, P FHARAIALBENE 3
(American Conference of Govermental
Industrial Hygienists, ACGIH) ol &7]44)
o 2t Aol AN TAH & EUF v
2 F7|F EAGTe M A @)} 2o 2
71% AL FEE AT (ACGIH, 1996).

4B FHEFE (me/m)=
‘ 4)

Ja 5 fe i
_Jo e e .
TLV, TLV, TLV, TLV,

qy]}\iy ﬁ:% %zé. n‘o"] %% :[LAJH]O}:ﬂv TLVH‘\:O:‘

Table 2. Component Percentage of Thinners

&g 22 n9 #4871 (TLV, Threshold Limit
Value) °lt}. ©] 3 &5%e AAFeorie H8
ol BF F7|Fe] FWste A& sMHEkn oy
AL ALEStE EFRIEAI BE F7] 30
Fddte A A9 glemz, HAAZE A A}
454 @3 gk wE A Aggly EB3He
718AY F7F FEE HME & UA=RS TRV
449 371F HEEEE Bad Yo Yo}

2 dydn

1) Aol MY 3715 SUsr ot

Ado) AR Ave FFe 8w Y, e
W oAd, evl Ay, o & A, S Ay 5
theFsttt. Alvte] FAGE 2 E82e Table 29
2o olg A¥-& FAEA AER NG, A=
F EelA nFABAQ w©sleAad 53R
ol27)74A] viFstm, F7IF EF ojNEF o
i & EACAM 2Yg HA24£u9l Po] ujy e
Ao ol27|7A] theksict 7+ A B g
EFE 2 %0M 75 %ol olE27|7A] i cjekste
=

(1) 371% S¢sxs 7149 vla

Ade] 7h pdAdRe] 3F FEe 74 4R
Aol we} 2eiA f@o), seye A2 2+ 4
T 2F9 32l 4%S B 9o 7 pAA e

Component Percentage of Thinners

Thinner et

Samples 4 cegne AEc[ehtZ:e MEK  Benzene K-l[csgr%ll MIBK Toluene ';\?e”[?t’é BeErgrz]z:w m-Xylene p-Xvlene o-Xylene Ccﬁg;{)’l\‘e (fgl‘gi‘i’['(f"
A 75 - - 25 - - - - -
B 28 - 12 26 25 11 3
C - - 16 26 15 15 6 - 22
D 7 23 10 15 16 15 5 - 9
E 50 22 3 I 10 -

F 61 - - - - 39

G - - - 17 17 14 52 -
H 6 - 36 18 5 i 1 8 - )
1 24 - - 38 12 il 15

] - 31 42 - 27
K 2 9 4 41 2 16 6 6 4 - 10
L 44 12 22 22 -
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9] F71gol FVF FEA vAE d%E B 9
gl F71F =9 Wagner 402 ANE £x4
& 3719 AAE FEAG. A" AN
Fig. 29 Zt} Fig. 2004 x&& Aol Zu3
Z ¥ #7F B=lE 100 %= Bg o 7
AE] w28 HAEZ YEd Aolm, y&& AU
AN Z FE¥e F71%Y BE 100 %2 B3k o
Z} ¥ F71%E HAER Ydehd Aot 3y
5 F& HAEY Z75 HAEZ dA)skA Bk
At AL 71&7171 191 FMe] "ot #A2)
& TERAE o y& Aol 0.65 71€717 0.942
1o 7178 @& BATH(r=0.96). &, A4 2t 42
9 FF BdEe F71990 vHeg.

¥, AHE 37159 YL 9 ACGIHY
EFE HEIE HAHA FEEke A Zol 7+ 4
Y 7% w7t fde) FAu g vyl
Fig. 394 x%& 4hdelld F93 2+ J89 27
F FEHE 100 %2 B%E o 2t 4P w58
HAERZ Uehd Aoz, y&-2 Ao 2zt B9
HAGefe] PANIE HAER Jeld Aotk 7]
T T HAES fde] FAur} dxjsle A
o2 FAME Perfect Fitol] 2 ghEo] dojol 3=
g, #F &L A AA "evtm Uut =,
Aue] PRl 2UG BF7IF FEE gAY
Auel FHPAY e dAEA gm, 4 HE 2
w2 F715k3 vl g,

(2) 2% o7 3%
A EYA 2 & A2 8.5+1, 16.7+1, 31.5

y=065+094"x

Estimated Partial

Fig. 2. Comparison of Airborne Concentrations(%) of
Thinner Components vs. Vapor Pressure (%)

+2 T2 ¥, 1FE 1.5 m/sE 2BAA
Az 4Ed PN EEE Yrietn, AXNE 100 %
2 HgE W EE, 3719 9 A 7
44EE dAEZ vasidt. TAFEE AR 3
Ao WRges AL, =& 7 o] e
387188 Adsld Z 2xoA9] HeIE 23
-8 H3t3, o] #8710 E1GErtE B9 sl
o x &A% (exposure index) & ¥®l=mE Y}
ACGIH®| B¥xgAFe /71847 37154 &
EEo] EAE W 3 FEE WY @ A}ey
€ Yol o] JEEo] 229 Ao Free
dedle Aoz Pyt 2(5) 9 o] AMgc)
(ACGIH, 1996).

ACGIH Exposure Index (EI 1) =
g 5)

A7 €, & Ed n o F71F $Eol3, T, &
A n 9 7% HeFolh olg vwaly] 9%
=EAFE A (6)7 o) Absiach

Exposure Index (EI2) = T (6)

A71M Ce £8EY 3713 B=olx, T 4 (9)
2 AN ACGIHS EHE8&7]Fclt) o) s
< 1& 23319 #8718 299t B,

Corlertin Liquid (%)

Fig. 3. Comparison of Airborne Concentrations(%) of
Thinner Components vs. Content in Liquid(%)
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Z A8 SYEEE 257 F7ke] oa 7}
e FEE HAY (p<0.05). I8y SEHAER
H@EEE de A dE 4859 e
2 e G4E Ben, dAz Fvigdiek gdxist
At

EHERAM 4 A9 ACGIH 387152 121
mg/meelth Ay Ay obHED WAl $71) B4
2 FAH Ut ¥ A 2% WA} e &
HolmE F71F 492~-3159 mg/mE K- &4
£ z3slzn ek ACGIHEY #71F §7)84 9
EI(1)& 1.97<14 15612 ¥, ACGIHY &4
¥ 387158 E AR A EIQw 4.07 o4
26.1022 EI()Eo oF 2o Zoisgristm ik
£3), Al A9 25 %E A Ehe wWlAle] #gr)E
2 32 mg/mR WA AF ] gled, 2b ke
SAEL 7 55~451 mg/meE HE7)2Q 32 mg/m
E BE5F 235t3 9dvh 4l A9 £xd] wpE whay
Foe ofHE 86~90 %, WAo) 10~14 % o}
Mg 4] 75 %, WA 25 %9 & oFFE
Aok

4l By 249 olgAAst 62 % s <l
v Adeit}, a8y, FVF THFEE FETY
H)7} 23 %<0 MIBK (Methyl isobutyl ketone)
7} AAsee] 42~43 %2 W A4 et o
RE Ad Be 4% 5 MIBKe 371490 7
 Eol ¥71%F ol 24sly] gEelrt, m-4dw
& %9 Zvbd wel % HAES 19 % oA
2] %2 Frbele WIS Ho, X7 S0l u)

N

2t Alvt BYj o AR B 37| Fel Bl Fuetd
o 428 olMHeolE: FEFAEZF 3 %90
& A¥EG FV|ge] g 2] gEd FF
A g e HEHA FUch

21U Ce olg WA 26 %, A2&8 oldHole
22 %, n-H4E oMMHPIE 16 % $o&2 FAEC
Atk FNE FEe oE WA 35~40 %, n-H€
olMHlo| & 23~24 % 4O Wo| WAlate] HajAt
e pAdu e} AolE BT B3], F8adn] 29
%% d2EnR oMHolEx Frigle] Rol #r)%
AlgellX e Ao FAEER] @t %7} 715 )
et o-ZHWE 0 BAAM 6 %R T HANES} &
7Vt g Heolm gith

A Col HAlERE %7t FU1Ee gl 26
mg/meoll Al 248 mg/me R oF 108) F7bsher S B
Ak ACGIH E3E dE7&Ee2 At K1)
© 31.5+2 TollA 2.432.82 FENEE Rasle
B, ACGIHY B35 EI(1) & 0.528 &
&715e Enidle 24 dehln glo] F ol
2l AelE HYrd ACGIHS ¥{gnsaiss 7}
ARe B71E v B HEVIEoR AEE FHolw
2 ERE S erlEun gEg e Kol

A De &7 23 %, m-A4E 16 %, p-A
43 15 % o2 FAH U ad, FrF
S ETE MEKZE 36~41 %2 71 ol w3}
i, B3 34~36 %E AAALEHY Al )=
zlol& B}, Ay DY EI(D# EI@) += oF 28)
A= Aol Ho, ACGIHY EfREFHR7|FoE

Table 3. Airborne Concentration of Component of Thinner A by Temperature, mg/m (%)

Airborne Concentration by Temperature (C) Content in
Component
8.5+1 15.7+1 35+2 Liquid(%)
Acetone 437 ( 89y 1905 { 90) 2708 L 86) 75
Benzene 55 (ih 111 (10) 451 ( 14) 25
Sum 492 (100) 1116 (100) 3159 (100 100
El (1) 1.97 4.02 15.61
EI (2)* 4,07 9.21 26.10

1D)( ) :Percentage

2) EI (1) : Exposure Index Based on Equation (5) for Airborne Component

3) EI (2) : Exposure Index Based on Equation (6) Calculated mixture TLV [21 mg/m?
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A EI(2)7 AA 3715 258 AREAgS
HojFE,

AV Ex 8% 50 %, n-%E oMElolE 22
%, m-3AA 11 %, p-2AA 10 % o2 74
Hel . #F v §F49o] 75~84 %E 7}
& Wskal, n-%€ olAEHelEZl 9~13 %2 HA
it Ay E A AAdele] 37 AAu 9 o)

% ¥= HAEE zol7t Uk n-3E ofAg o)
Ex &=7F F0Hgel weEl geol wAlsle AL
Bk EI(D) & EI(Q)7) A0l& Bged EI(2) 7}
EI() el o2 32971k ch

2 Fe 8949 61 %, 3¢ A=248 39 % 5
7B BAZ FAEY AU Y dEgpe &)
ol wj-f o} o] A7 wRel] HEEHA @

Table 4. Airborne Concentration of Component of Thinner B by Temperature, mg/m? (%)

Airborne Concentration by Temperature (C)

Content in
Component o
8.5+1 16.7-1 31.5+2 Liquid(%)

MIBK 28 ( 43)° 35 ( 43) 125 ( 42) 23
Ethyl Benzene 6 (10) 9 { 10) 31 ( 10} 12
m-Xylene 12 (19 16 (20) 63 (2 26
p-Xylene 14 (22) 18 (2D 63 (2D 25
o-Xylene 4 ( 6) 5 { 6) 19 {0 1
Cellosolve Acetate -4 [G)) - (0 - (O 3
Sum 64 (100) 83 (100) 301 (100) 100
El (1)* 0.22 0.28 1.01
El (2)» 0.26 0.33 1.19

1y( ) :Percentage

2) - : Below Limit of Detection

3) EI (1) : Exposure Index Based on Equation (5) for Airborre Component

4) EI (2) : Exposure Index Based on Equation (6) Calculated mixture TLV 252 mg/m?

Table 5. Airborne Concentration of Component of Thinner (' by Temperature, mg/n? (%)

Airborne Concentration by Temperature {C) Content in
Component o
85+11 6.7--1 31542 Liquid(%)

n-Butyl Acetate 6 { 22)" 12 (24) 57 (23 16
Ethyl Benzene 10 { 40) 18 ( 35) 87 ( 35) 26
m-Xylene 5 (19) 10 (19) 46 ( 19) 15
p-Xylene 5 ( 19) 10 (19 46 (18) 15
0-Xylene - ()] 2 « 3 12 (5 6
Cellosolve Acetate - () - (O () 22
Sum 26 (100) 52 (100) 248 (100) 100
EI (1) 0.05 0.11 0.52
El (2) 0.25 0.59 2.43

1) () : Percentage

2)- : Below Limit of Detection

3) El (1) : Exposure Index Based on Equation (5) for Airborne Component
4) EI (2) : Exposure Index Based on Equation (6) Calculated mixture TLV 103 mg/m?
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%3, EFAR HEHAD 221 Z7Mg) we
EFde 715 Fxe 7893, 16.7+13%
31.5+2 ToA BRd9 HEI|FEN 188 g/me
Zasch,

AU Ge 2" dE4d 52 %, m-FAL 17

%, p-2AR 17 %7t FHEo] e vl 2
g 42&8% F790) ¥ E3o)7] il 77
F AN e AEHA 4%, m-3IAW 35~39
%, p-3AY 38~43 %, o-A4 22~23 % Fo
2 3715 dAdsdT AU G 2% 3VF w5

Table 6. Airborne Concentration of Component of Thinner D by Temperature, mg/m? (%)

Airborne Concentration by Temperature (C)

Content in

Component o
85+11 6.7+ 31.5+2 Liquid(%)

MEK 28 (41 37 { 40) 165 ( 36) 7
Toluenc 24 ( 35 49 {34 165 { 30) 23
n-Butyl Acetate 3 4 6 4 27 ( 0) 10
Ethyl Benzene 5 ()] 6 t 4 I8 (4 15
m-Xylene 5 N 3| ¢ 8) 37 8 16
p-Xylene 4 () il {8 37 (8 15
0-Xylene () 2 5 9 2 5
Cellosolve Acetate - 0 - M - [0)! 9
Sum 69 (100y 142 (10M 458 (100 100
El (1) 0.21 0.44 1.43

EI (2)* 0.43 0.87 2.80

1Y({ ) :Percentage

2)- : Below Limit of Detection

3) El (1) : Exposure Index Based on Equation (5) for Airborne Component
4) El (2) : Exposure Index Based on Equation (6) Calculated mixture TLV 164 mg/me

Table 7. Airborne Concentration of Component of Thinner E by Temperature, mg/mr (%}

Airborne Concentration by Temperature (C)

Content in

Component
B5+1 16741 31542 Liquid(%)

Toluene 66 ( 84" 136 (79 415 (75 50
n-Butyl Acetate 7 {9 16 {10) 69 (13) 22
Ethyl Benzene ()] 2 n 8 2 3
m-Xylene (5 9 (5 29 ¢ 5 11
p-Xylene 2 (2 9 {5 29  5) 10
0-Xylene - (0 - ()] . ()} 4
Sum 79 (100) 172 (100) 550 (100 100
EI (1) 0.37 0.79 2.46
EI (2)* 0.28 0.62 1.99

1) ( ) : Percentage

2) - : Below Limit of Detection

3) EI (1) : Exposure Index Based on Equation (5) for Airborne Component
4) EI (2) : Exposure Index Based on Equation (6) Calculated mixture TLV 277 mg/me
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Table 8. Airborne Concentration of Component of Thinne: F by Temperature, mg/ny (%)

Airborne Concentration by Temperature () Content in
Component
RS+ 11 6.7+1 31.5+2 Liquid(%)
Toluene 36 (100)" 233 (100) 540 (100) 61
Butyl Cellosolve -2 ()] { 0) ()] 39
Sum 86 (100) 233 (100) 340 (100) 100
EI (1)" 0.45 1.4 2.87
EL () 0.55 1.50 3.48
1)( ) :Percentage
2) - : Below Limit of Detection
3) EI (1) : Exposure Index Based on Equation (5) for Airborne Component
4) El (2) : Exposure Index Based on Equation (6) Calculated mixture TLV 155 mg/m?
Table 9. Airborne Concentration of Component of Thinner G by Temperature, mg/nr (%)
Airborne Concentration by Temperature (C) Content in
Component
8.54+1 16.7+1 31.5+2 Liquid(%)
m-Xylene 16 ( 39)° 26 ( 37) 47 ( 35) 17
p-Xylene 16 ( 38) 28 ( 41) 57 ( 43) 17
o-Xylene 10 (23 16 ( 22) 29 ( 22) 14
Butyl Cellosolve - (G - (0 - 0 52
Sum 42 (100) 70 (100) 133 (100) 100
EI (1) 0.10 0.16 0.31
El (2)" 0.23 0.37 0.72
1)( ) :Percentage
2) - :Below Limit of Detection

3) El (1) : Exposure Index Based on Equation (5) for Airborne Component
4) EI (2) : Exposure Index Based on Equation (6) Calculated mixture TLV 186 mg/m®
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Table 10. Airborne Concentration of Component of Thinner H by Temperature, ng/me (%)

Airborne Concentration by Temperature {C) Content in
Component
8.5+1 16.7x1 31542 Liquid(%)
Ethyl Acetate 57 (38" 92 ( 34) 152 (33 6
Toluene 61 ( 40y 116 ( 43) 193 ( 42) 36
n-Butyl Acetate 12 ( 8 23 ( 8 44 (10 18
Ethyl Benzene 3 {2y 7 « 3 13 ( 3 5
m-Xylene 7 { 5} 12 « 5 21 (5 H
p-Xylene 7 ( 4 12 { 4 21 ( 4) H
o-Xylene 4 3 7 ( 3) 12 {3 8
Cellosolve Acetate - ()] - (O - (O ]
Sum 151 {100} 269 (100) 456 (100) 100
EI (1) 0.43 0.80 1.34
Ef (2 0.76 1.35 2.28
() : Percentage
2) - : Below Limit of Detection
3)EI (1) : Exposure Index Based on Equation (5) for Airborne Component
4) EI (2) : Exposure Index Based on Equation (6) Calculated mixture TLV 200 mg/m?
Table 11. Airborne Concentration of Component of Thinner 1 by Temperature, ng/me (%)
Airborne Concentration by Temperature () Content in
Component
8.5+1 16.7+1 31.5+2 Liquid(%)
n-Butyl Alcohol 10 (16" 28 (21 51 ( 24) 24
Ethyl Benzene 29 ( 46) 6( ( 44 87 ( 42) 38
m-Xylene 9 ( 14) 1& (13 24 (12) 12
p-Xylene 8 (13 1& ( 13) 24 1D 11
o-Xylene 7 (1n 12 ()] 22 (11) 15
Sum 63 (100) 136 (100) 207 (100) 100
EL (1) 0.12 0.25 0.36
El (2 0.21 045 0.69

1 (

) : Percentage

2) EI (1) : Exposure Index Based on Equation (5) for Airborne Component
3) EI (2) : Exposure Index Based on Equation (6) Calculated mixture TLV 300 mg/nm
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Table 12. Airborne Concentration of Component of Thinner J by Temperature, wg/m? (%)

Airborne Concentration by Temperature (C) Content in
Component
85+1 16.7+1 JL5%£2 Liquid(%)
MIBK 32 (37 54 ( 36) 127 ( 40) 31
Toluene 56 ( 63) 97 ( 64) 195 ( 60) 42
Cellosolve Acetate [G0)) = ( 0 - (G 0)] 27
Sum 88 (100) 151 (100) 322 (100) 100
EI (1)" 0.46 0.78 1.66
EI (2) 1.22 2.10 4.47
1) () :Percentage
2)- : Below Limit of Detection
3) EI (1) : Exposure Index Based on Equation (5) for Airborne Component
4) El (2) : Exposure Index Based on Equation (6) Calculated mixture TLV 72 mg/m®
Table 13. Airborne Concentration of Component of Thinner K by Temperature, mg/me (%)
Airborne Concentration by Temperature (C) Content in
Component
85%1 16.7+1 3L5+2 Liquid(%)
Acetone 32 (21" 46 ( 25) 112 ( 25) 2
MEK 57 { 36) 59 { 32) 147 ( 33) 9
MIBK 4 (3 5 { 3 13 ( 3 4
Toluene 47 ( 30) 44 ( 24) 23 (27 41
n-Butyl Acetate -2 ( 0 ( 0 4 (N 2
Ethyl Benzene 10 ( 6) 9 ( 5) 29 ( 6) 16
m-Xylene 10 (2 6 4 49 (2 6
p-Xylene 3 2 13 7 9 () 6
o-Xylene - 0 - (O 4 (D 4
Cellosolve Acetate 0 - ()] - ( 0 10
Sum 153 (100) 182 (100) 450 (100) 100
EI (1) 042 0.45 1.15
El (2)* 1.07 1,25 3.10

1)( ) :Percentage

2)- : Below Limit of Detection

3) El (1) : Exposure Index Based on Equation (5) for Airborne Component

4) El (2) : Exposure Index Based on Equation (6) Calculated mixture TLV 145 mg/m?
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Table 14. Airborne Concentration of Component of Thinner L by Temperature, mg/m? (%)

Airborne Concentration by Temperature ('C) Content in
Component
85+1 16.7 +1 3542 Liquid(%?
MEK 105 { 95)" 161 (91 469 ( 89) 44
Toluene 6 {5) 10 { 06) 31 { 6) 12
m-Xylene -2 )] 4 (2 22 ) 22
p-Xylene - o 0 l (b 6 ¢ 1 22
Sum Pl (100 176 (100} 528 (100) 100
EI (1)» 0.21 0.34 1.03
El (2)® 0.26 0.42 1.25
1Y( ) :Percentage
2) - : Below Limit of Detection

3) EI (1) : Exposure Index Based on Equation (5) for Airborne Component
4) EI (2) : Exposure Index Based on Equation (6) Calculated mixture TLV 421 mg/m®

Table 15. Airborne Concentration of Component of Thinner G by Velocity, ng/ne (%)

Velocity (m/sec) Content in
Component
0.05 1.50 2.50 Liquid(%)
m-Xylene 17 ( 37" 26 (3D 52 ( 36) 17
p-Xylene 18 ( 40) 28 ( 41) 60 ( 42) 17
o-Xylene 10 (23 16 ( 22) 32 (22) 14
Butyl Cellosolve » () - () - ( O 52
Sum 45 (100) 70 (100) 144 (100) 100
EL (1) 0.10 0.16 0.33
El (2)° 0.24 0.38 0.77
1y( ) :Percentage
2)- : Below Limit of Detection

3) El (1) : Exposure Index Based on Equation (5) for Airborne Component
4) El (2) : Exposure Index Based on Equation (6) Calculated mixture TLV 186 mg/m?
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Table 16. Airborne Concentration of Component of Thinner H by Velocity, ug/m? (%)

Velocity (m/sec) Content in
Component
0.05 1.50 2.50 Liquid(%)
Ethyl Acetate 57 (37 92 ( 34) 228 ( 34) 6
Toluene 64 { 42) 116 ( 43) 293 ( 43) 36
n-Butyl Acetate 13 (9 23 ( 8 60 ()] 18
Ethyl Benzene 3 (2 7 (3 13 ( 2) S
m-Xylene 6 ( 4 12 (5 31 ( 4 11
p-Xylene 6 ( 4 12 (4 13 (5 11
o-Xylene 3 ( 2) 7 (3 17 ( 3 8
Cellosolve Acetate -1 ( 0 - ( O - ( O 5
Sum 152 (100) 269 (100) 675 (100) 100
EI ()" 0.44 0.80 2.03
EI (2)" 0.76 1.25 3.38
1Y () : Percentage
2) - : Below Limit of Detection
3) E1 (1) : Exposure Index Based on Equation (5) for Airborne Component
4) EI (2) : Exposure Index Based on Equation (6) Calculated mixture TLV 200 mg/m?
Table 17. Airborne Concentration of Component of Thinner I by Velocity, mg/m? (%)
Velocity (m/sec) Content in
Component
0.05 1.50 2.50 Liquid(%)
n-Butyl Alcohol 13 ( 20)" 28 (21) 62 (22) 24
Ethyl Benzene 31 ( 46) 60 ( 44) 128 ( 44) 38
m-Xylene 9 ( 13) 18 (13) 37 ( 13) 12
p-Xylene ; ( 14) 18 (13) 40 (14 1
o-Xylene 5 (7 12 (9 21 (7 15
Sum 67 (100) 136 (100) 288 (100) 100
EI (1) 0.12 0.25 0.52
El (2) 0.22 0.45 0.96

1) () :Percentage

2) El (1) : Exposure Index Based on Equation (5) for Airborne Component

3) EI (2) : Exposure Index Based on Equation (6) Calculated mixture TLV 300 ng/m?
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gt} AdE 8k A (Nielsen et al., 1995),
(Fehrenbacher & Hummel, 1996), %8 A
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Table 18. Airborne Concentration of Component of Thinner K by Velocity, mg/me (%)

Velocity (m/sec) Content in
Component
0.05 2.50 Liquid(%)
Acetone 26 (25" 46 [ 25) 164 ( 26) 2
MEK 33 ( 34) 59 { 32) 211 (33 9
MIBK 2 (2 5 ()] 15 (2 4
Toluene 25 ( 25) 44 ( 24) 155 ( 25) 41
n-Butyl Acetate - (1) )] - M 2
Ethyl Benzene 7 (7 9 (B} 2 N 16
m-Xylene I () 6 4 16 (3 6
p-Xylene 2 ( 2) 13 ) 17 (G 6
o-Xylene O O 8 (D 4
Cellosolve Acetate (0 - [ - ( 10
Sum 96 (100) 182 (100) 628 (100) 100
EI(1)" 0.24 0.45 1.54
El (2)" 0.66 1.26 4.33
1Y ( ) : Percentage
2) - : Below Limit of Detection

3) EL (1) : Exposure Index Based on Equation (5) for Airborne Component
4) E1 (2) : Exposure Index Based on Equation (6) Calculated mixture TLV 145 mg/n¥

Table 19. Evaporation Models Suggested for Occupational Hygiene by Other Reserachers

Evaporation Rate (g/sec cnf)

Hummel! (1996)

8379 X 1 (MW )™ (VP) X ( I/MW, + 1729 )

Braun (1992)
Mackay (1974)

o=
71) as \\“ A

1.47 < 100 (MW )Y VP Y 0)

xP

T

22 X 1O UMWY VP v

MW, = molecular weight of evaporating liquid A.

p = overall pressure, atm,

4 X = length of pool along airflow. cm.

T = surface temperature of pool, ° K,

VP = vapor pressure of substance A, atm

V, = velocity of air, cm/sec
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Jehl& partial differential equations®& A4+
o2 RE% Aotk Mackay® Braung 2
EPACIAN ¥ Aoz FAshs YL Aol
Mackay®2] 4o] HA AEHUT, °]F Braung 2
o] MEE o} F 4 BF WAFE dSsl=t] A}
453 At o] F 2de BAF, J1REE, 3
& WUFRE T3 Jen, Mackayd 2 o7l
2x7t 2 AZER Ytk Hummeld) 42 3
= EPA9 831 e= /Ed Holck. Hummel
o] 22 X%, Y, VIF 4%, pool size, £
9] &% (e ) F Ao FE2H e W
HojlA] dAHAIRE FF e 89 2L o
&3},

2 d¥dMe AGGgRe FNF FHen
Hummel, Braun, Mackay &9 o}&#9 &
&9 Ae] I8 FEE ¥ Rdly d2o FYTE
v @At (Fig. 4).

A AR FEEE 7Y 3ET A&
Perfect Fitel 3ol ok, Hummeld}
Braun® 42 WM& Perfect Fitoll Yxstv 2
Y& BYey, Mackayd A& 71%7]7}' o £
2e HAg yehlo] AA Zugg i
RAE B F Ut o3 A¥e 2o Hummel
9 dFF#A ARG (Hummel et al..
1996).

A7A] o] 83 FTHE A F ok o] Hr}
Y3 A2E sherkE B7) fdkd Z oA F

= Hummel
o Braun

10 1

ChsenedEwomﬁm%ﬂO‘ (glsedm)

Fig. 4. Comparison of the Predicted Versus Observed
Evaporation Rats
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25 U@ gtolth. o]FA AAd e 4239 @
A9 o] AFHPolnz P P9 L Yehy

B, o] go] AL4E HAN BANE HYE o
242 Yehag,
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Table 20. SSE of Hummel Equations, Braun Equations
and Mackay Equations.

SSE
Component
Hummel Eq. Braun Eq. Mackay Eq.

Acetone 0.83 0.83 41.37
Ethy Acetate 0.29 0.51 2.54
MEK 0.03 0.03 1.27
Benzene 0.30 0.27 1.80
n-Butyl Alcohol 0.00 0.00 0.00
MIBK 0.01 0.02 0.13
Toluene 0.25 016 344
n-Butyl Acetate 0.1 (.00 0.05
Ethyl Benzene 0.01 0.00 0.09
m-Xylene 0.01 0.01 0.08
p-Xylene 0.00 0.01 0.05
o-Xylene 0.00 0.00 0.01
Total 1.73 1.84 50.70
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Table 21. Comparison of TLVs for Mixture versus Newly Suggested TLVs in Thinners

Sl FFFYESG FUsTHE TPt
Bgeizl Rolth, Jek, B ATl nAE vkt
2ol EGR718AS 3715 )

© FET4u

Temp Airborne TLVs (mg/nr}

Thinners Conc. El(h) EI(2)y" EI{3)"

Ty (mg/me) by Eq.(8) bty Eq.(6)
A 8.5 492 121 305 1.97 4.07 1.61
15.7 1115 121 300 4.02 9.21 373
31.9 3158 121 287 15.61 26.10 10.99
B 8.6 65 252 268 0.22 0.26 0.24
15.9 83 252 277 0.28 0.33 0.30
333 301 252 280 1.01 1.19 1.07
C 9.1 25 102 204 0.05 0.25 0.12
16.4 51 102 255 011 0.50 0.20
328 248 102 267 0.52 2.43 0.93
D 8.2 70 164 291 0.21 0.43 0.24
16.6 143 164 303 0.44 0.87 0.47
325 459 164 30 1.43 2.80 1.53
E 8.5 78 277 217 0.37 0.28 0.36
17.1 172 277 219 0.79 0.62 0.79
33.6 550 277 222 2.46 1.99 2,48
F 8.4 86 155 185 0.45 0.55 0.46
16 233 155 186 1.24 1.50 1.23
327 540 155 187 2.87 3.48 2.88
G 8 42 186 278 0.10 0.23 0.15
17 68 186 322 0.16 0.37 0.21
31 134 186G 372 0.31 0.72 0.36
H 7.5 152 200 143 0.43 0.76 1.06
17.5 269 200 187 0.80 1.35 1.44
323 456 200 180 .34 2.28 2.53
I 8.5 63 300 527 0.12 0.21 0.12
16.5 136 300 538 0.25 045 0.25
32 207 300 563 0.36 0.69 0.37
I 8 88 72 113 0.46 1.22 0.78
17 151 72 134 0.78 2.10 1.13
30 322 72 128 1.66 4.47 2,51
K 8.5 155 145 189 0.42 1.07 0.82
17.5 181 145 255 0.45 1.25 0.71
31 450 145 232 1.15 3.10 1.94
L 8.5 111 421 531 0.21 0.26 0.21
17.5 176 42 529 0.34 0.42 0.33
30.5 528 42 526 1.03 1.25 1.00

1) EI (1) : Exposure Index Based on Equation ¢5) for Airborne Component
2) E1 (2) : Exposure Index Based on Equation (6) Calculated mixture TLVs
3) EI (3) : Exposure Index Calculated Based on Equation (7)
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EHEY T (meg/m) =
I

Pu Pb Pc Pu
+ + + o+
TLV, TLV, TLV. TLY,

TLV,=TLV of Component n, mg/m
P, = Vapor Pressure Ratio of Component n, atm
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