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Possible hematological effects of exposure to
ethylene glycol monoethyl ether acetates on

shipyard painters.

Yangho Kim, NaRoo Lee, Kyoo—-Sang Kim, Jeong Sun
Yang, Mi Young Lee, Seunghyun Park, Young Sook Cho,
In Jeong Park, Kwang Yong Lee, Young Hahn Moon

Occupational Disease Diagnosis and Research Center
Industrial Health Research Institute
Korea Industrial Safety Corporation
34-6 Kusan—dong, Bupyeong-ku, Incheon 403-120, Korea

—Abstract—

Possible hematological effects of exposure to ethylene glycol monoethyl ether
acetates (EGEEA) on shipyard painters were evaluated as a cross—sectional,
observational study. An industrial hygiene survey was performed to
characterize exposure of two groups of shipyard painters (low or high
exposure group) to EGEEA (cellosolve acetate). Mean exposure level (range)
to EGEEA (unit;ppm) in high or low exposure group are 3.03 (ND-18.27), 1.76
(ND-8.12), respectively. Hemoglobin, hematocrit, red cell indices, total and
differential white cell blood counts, and platelet count were measured in
shipyard painters and control subjects. The mean of WBC counts in high
exposure group were significantly lower than that in non-exposure group, and
a significant proportion (11%) of painters were leukoopenic;none of the
controls were affected. With hygienic evaluation and toxicological review,
these abnormalities were possibly due to EGEEA.; other exposure could not
explain the findings. These findings are consistent with prior animal studies
and human case reports. Potential biases and confoundings of the data are

discussed.



I A&
AZE&H (cellosolve)#  EGEE  (ethylene glycol monoethyl ether;
2-ethoxyethanol;cellosolve), EGEEA (ethylene glycol monoethyl ether acetate;
2-ethoxyethyl acetate; cellosolve acetate)) EGME (ethylene glycol monomethyl
ether; 2-methoxyethanol;methyl  cellosolve), EGMEA (ethylene glycol
monomethyl ether acetate; 2-methoxyethyl acetate; methyl cellosolve acetate)
=248t4 AJA o] H]5z3 glycol ether 7ol et AEFH oz dA ol EZo
oz AgEa Jrh. F EGEEA & Adolx EGEEZ W3so e
EGMEAX:3 EGME® ®W$te o] 2 545 YRR 22

of

ot = o
ot ox o

& YERH AL,

o2 EREI T olHF ArEHFE FAAARAN Zoly A BT
omow, S7Igtel v o] 5Aelv (EGEEA®S 4% A4 20%olA
2mmHg). 1 &%% ol¥d 54 wid HARIE, 2 B ZIE §A, AH
A, W= |8 photoresist SO R 2o|al Ul AREHFO =4S FEEAHY
A Abgel tiF AelAM £d7ed BATe S AT 2HES 2 el
stl=of vk 2y FHZoloF I S thste] BAlS 2] AlE gl
AHerm Frabel it SARIE s A Aol dHoln. 58] AdAd wt
AZ2E Q% AR EIE ofdE = Ao Sl A= opA AmE
Hiol thak @de] A9 dFsty #71&Adel drdey 1 F=4d8 32 A

.

i o
A2 Basol A gtk & EGEEA® Z =248 2 Q1A fajdel thgh
a1 o=

naE AAHORE A gl
JHBR B ATE AZEDE ASE WA 2AYAY A EF4GAE T
o=

1) EGEEAS S T8¢ 8947184 Z24dE grltsta

2) 7 AYAEe] AYFNE T2 28NS FHOR

3) 1 AEAE FHNR Ak
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1) A=A
2 A AlgAFer 242 va SR R AAT Y (National Institute
for Occupational Safety and Health, NIOSH)o| A FH &= FAA T ‘Method
1501’7} ‘Method 1450l we} A AISFATE A&+

X A (calibration) g+ 7IA-§ AfF&F &

o Jxo dAde#s 7 AN ddsn. &
Lpm (o]3} “@A& Aozt §ho] HEes 3

TR
ol
N
>,
i)
oX
uul
r g

HZ22 502 &

3|
A e Adel £ skt

2) ANE AF &4

Aol A EF T SdGHE AxgA FHEAFE AAT F 49 %F 100
mgs MY FHE T AFH 2, Jhed FElATE AASGS 49
S 50 mgs e T AlFHe] LAt e Al B0zt FHAIH o=
o] &slets Imle ¥, AN B7F S0t AP E AZER A F 9
E4S A5 98 5 % AEgo] x3E wEdE2eolE ImlE ¥ 30
w3 EEY FHA EFAZG B 2D (R 22E 249 sta=

3) A= AY +4

SAFEA A AFEEE FIE, ASA, Ay dH
wHolobA AAMeA BAREAS AAsA. 44
] A#EA7] (Gas Chromatography Mass Selective Detector, Hewlett
Packard HP 5871 I, U.S.A)°l A% F948t7tt head spaced ©]-&3te] 7|54
A e AT



7] 7] HP 5890 series I GC
Z 9 HP-1(25mx0.2) HP-FFAP(25mx0.2)
2 5
e E 55-100 C(s2%4) 9% C
FU7] 240 C 200 C
HE7] 250 C 250 C
ER=S|

¢

Ab 5 A - -

ARkl Y 7 -

HP 5890 series I GC
HP 5971 series MSD
HP-1(50mx0.2)

80-200 T(&=i4])
280 T

290 T

Wiley 138 library
70 eV

h=]
2 o
e el
¥53F 7S g EEEE 3 Yn= Xn/TWAn
&
Em = X1I/TWA1 + ... Xn/TWAn)

Rl = Y1/Em, ..... , Rn = Yn/Em

242y djgE el e SAAHX)G FRVIE R ARE

® eFEe TPt B4 Naes ¥Ydods Tauk

RSt = [(R12 xSAE12) + (R22xSAE22) +...(Rn2xSAEn2)]%

® &3E9 Z=27]F(control limit, CL)& 3t}
CL =1 + RSt

@ g3 go] T2ANE FRI).
Em < CL : F&7]F vt
Em > 1, Em > CL : 27|+ %3}



4. A=A R EH

A EA Aol tiste] ERHR7]EAlel tE Al AR tiAbEAAE
Alst it AP E A AR EF4dol tHete], = mimAR, A ] st
WEntak 2 EGEEA°] t3te], EAA (2-ethoxyacetic acid)E #29 ZIAAE
24 sttt =5 vhxAbs W"Eeke ik HPLCE ©]-8-38te] NIOSH method
830191 we} FAHsH o mF EAAE Sakai 5 (1993)¢] Wy o2 GC-FIDZ
A 3A Z=AAINE wF creatinineo.® B A4S 3k}

T AZRE o ARG E wiAsH] 9t EFAS AAstR e He F4

2 flameless atomic absorption spectrometer® A| & 3} %1t}

Mgz 2 A3z

Al skl QIS S S BgkAelefdl A AAFd W
QAo 5s 25 AE2AE A8

AR E AdT, DAL, A8, Ny, iy, NE g,
MCV, MCH, MCHC 5 #9344, SGOT, SGPT, GGTPS 3171534 =
F, mdsS HASATE 53 @A A 1241 7ketel]l AR ste] A 7H 3}
= QI Rol& Folux sidivh. wxANHAPA del| wheh WP FRAT AL 9
e AR SRAbe disiN = 2aAAE Al sk

6. 3

2 T RA gxz2at 3] AR HalE ANOVAE o] &atdlom 3t
9 i+ Scheffe testE o]&3atth. W3 o] g Hla=
Fisher's exact test® ©|&3tth A#aAEA 2 Pearson’s correlations ©]-&

&t



1. 23

I 84 %z 725
o] FAPo| A= AL FA] F oA ALEHI W B HIJE QA 2y F
o 5 FAHoE HH EHAAE (bulk Sample)a AT AAH R B

S W ZAsdA=AolA ERG toluene, ethyl benzene, xylene, butanol,
isopropanol, ethanol, ethyl acetate, butyl acetate, methyl isobutyl ketone,
EGEEA, nonane 53 #2 EZE0] 2ZARAdA YHEEY (& Fx).

¥ 29 ¥ 3o E3e7)84 = 3L U= Ao} 9= Ao AolEge
o B A0] 2 499 FRAS EmE T dstolth

F,



2 ARA 2R LRk

. WAl e toluene xylene MIBK EGEEA Em
ppm ppm ppm ppm

1 AL T 27.05 92.91 39.16 18.27 6.61
2 5 Ab 10.48 15.25 5.46 1.87 0.95
3 AL T 45.03 249.51 9.91 8.34 5.67
4 AL T 154.59 184.35 22.87 8.71 6.78
5 TR 27.26 64.13 21.65 10.49 4.08
6 A 9.48 10.27 1.39 0.07 0.37
7 A 11.56 33.81 4.40 3.85 1.53
8 AL T 12.02 130.96 159.18 1.13 523
9 A ND 1.07 0.06 ND 0.02
10 Ab T 2.11 41.31 16.03 5.35 2.28
11 Ab T 7.78 7.27 0.79 ND 0.19
12 5 AR 18.38 12.37 3.07 0.21 0.54
13 Ab T 17.42 45.22 7.24 5.88 2.43
14 5 AR 16.23 71.15 38.95 10.02 4.37
15 Ab T 5.61 10.68 0.03 5.70 1.34
16 5 AR 2.12 10.18 4.63 ND 0.15
17 Ab T 13.46 168.69 13.85 6.86 4.03
18 5 AR 6.94 8.62 1.43 1.75 0.60

718k it 12.02 28.23 4.60 3.03 1.25

G-I (ND-154.59) (1.07-249.81) (0.03-159.18 (ND-18.27) (0.01-6.78)

MIBK,; methyl isobutyl ketone



¥ 3. BEA 2249 Z2FE
toluene xylene MIBK EGEEA

s 99 & Em
ppm ppm ppm ppm
1 A 0.44 19.54 6.86 8.12 2.01
2 A 0.05 7.92 L11 1.03 0.33
3 A 1.67 1.46 1.00 1.00 0.07
4 A 4.62 1.19 1.22 ND 0.18
5 2ol 855 4.83 359 ND 0.34
6 2ol 0.40 2352 0.14 2.23 0.77
7 A 2.94 1.01 1.28 0.46 0.21
8 A 0.07 415 1.54 0.29 0.14
9 2ol 4.48 6.12 3.87 ND 0.26
10 2ol 0.60 26.44 0.33 1.91 0.75
11 A 0.25 35.93 3.85 463 1.45
12 AP F 0.28 74.04 ND 4.26 1.83
71 8k B 0.73 8.50 1.41 L% o(.)(.)%?— 5
D) (0.05-855) (119-7404) (ND-686) (ND-8.12)

MIBK;methyl isobutyl ketone

A 222 189S U=z AYIAESAS 3 A toluene, ethyl
benzene, xylene, butanol, isopropanol, ethanol, ethyl acetate, butyl acetate,
methyl isobutyl ketone, EGEEA, nonane &3 #2 &E3F7]8Ad 251
ALt EFEH tigk Z2HILE Aste] sFEdY FEAF B TF
W ZwAgo] ®M97F 0.01-6.78%2 YEFR 15 Z27F (CL)E 233 =

mﬁ

o

A= 11H o7 o] F AME7E 84, ‘C‘A}#ﬂ oM, =AEZS = 19|t A
Sv 0WF Wol EZr)Ee Ux, FASE 89 F 2%l LR A
190 E2AEe Wa Ak F 189 F 1 6190 HEFE dx Ao

BAA 2R 1298 dYoR 49RIIAE T Ak A%AS el 22y
FH718A0 E2ua Qo EREA) B BAE So19se] EaEe =
SA (B)E TH A5 ELAF WAL 006 20092 Jeel, o|F F2
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Z]E

sk Abgeol e,
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il 3+ &4 EGEEA°|H (

S
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S
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cAol T, AR
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toluene

xylene

n-butanol

methyl isobutyl ketone (MIBK)

EGEEA

AR zko 24 50 ppm

Z

n-Butanol 3875

sec-butanol®] 4} tert-butanol?l 4% TWA=ZA 100 ppm
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TEZITFA AFAFRA7E B FA9 2Ry dEn iy EAA7 15 %
2 &2 o] VFEEFEAME & F dUEo] 1FEE EGEEAC %=
Ha 98 HoFa Qb ® 7% EGEEAY %9 =% EAAE LR AAATE=
0.71 ©]At}.

Tk d% 95+ mean (SD)7F 7.5 (3.2)ug/dl (range;3.3-19)% HZEZE ujj A
g = UdAG

¥ 5. Urinary hippuric acid, methyl hippuric acid, ethoxy acetic acid (EAA)

concentrations (mg/g Cr) of control subjects and workers exposed to EGEEA

hippuric methyl hippuric EAA EGEEA in air
Worker group No. acid acid (ppm)
A4 (high exposure 0,140,215 23.9£43.9%x 3.03
group) 25 0.2£0.2 (0-227.3) (ND-18.27)
B4 (low exposure 3.6+45 1.76
26 0.1£0.1 0.01£0.02
group) (0-15.1) (ND-8.12)
H] 2= 2 % (control 0.1+0.3
40 0.3104 0
group) (0-1.5)

x P<0.01; significantly different from B, C

3. A% 2 1A AL}

TAA AR AAEA gokoy, A A ZEASC 3 A4S EE
A ZRFNA HERFHY §7184 #d FAEAF ggon, 1 yEe
HAAFSAH AT, N1gHgE ol #d FHEIAG

F2 254, gxw1FA e At AAe] vue ® 63 Zrh 3wihe] H
Ao Wie EFHFE Fol7|flste] A=A (AFA 1%, BY-A29) 31
B ARA Y] AR 18-S A F FAXNHEES AT 354l A
A, T dFde] frod 2ol stk §AHAE (ANOVA) A #d ¢
of] A1 A-‘.ﬂ—1 7b frelstAl (P<0.05) FAaEel AT ("), = wWEs gas

(<4500)9] & (£ = ZH=Z oA 613 g, BYA 1W)ez HFET

(‘31]%74}%’1%)01] H|3te] folskAl S71=E o] AT (Fisher's exact test, P<0.05).
5, Z27Y NIFALSTH e FATHA dAAde] ASS #FAT 5 AT

B
>
~ e
2
ul
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L EN

A

W PRI E
%

3
B} A
[

a7 845 NEA

Az e
A% FHARZE 32000] AL
Yste] wzelel AAL

hypocellular marrow, slight (14)

3} (granulocyte) o] =7} 2] 3H)
_IQ’_

ojstA S 7rE o AT

hid

%6 A A

VSR=:0

=

o]

Fdy
FEo Aol WEEA

=3

s

At

AU A (FF4AAH

37
A

=

191 40007 Who & 7had ARA SRR 2

F 1% 5 39l
A3} hypocellular

et el
0
N

AK-A(n=30)

BY-A (n=27)

non-exposure

group(n=41)

SR 2H0)
A=

A2 (g/dL)
AP FE (x100)
W
Y
8432 (%)
295 (+10°)
MCV

MCH

MCHC

8.0(5.4)
37.4(8.5)
14.37(0.8)
474(32)
6033(1433)
3210(1351)*
42.9(2.3)
255(64)
90.7(3.5)*
30.3(1.0)
33.5(0.7)

11.00.7)
39.2(4.4)
14.7(1.0)
482(39)
6325(1410)
3543(1361)
43.4(2.6)
260(58)
90(3.9)
30.6(1.4)
34(0.8)

11.0(6.6)
39.3(7.5)
14.6(0.8)
489(29)
7031(1400)
3966(1167)
43.4(2.0)
249(49)
88.6(3.1)
30(1.2)
33.5(1.9)

mean(SD), *P<0.05, significant difference from nonexposured group
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V. 1%

FEAYIA Uehd ARABFY 4 F2 AT 25E BYE
sha Atk A¥Ae AARHORE SR HANE, AAS Bh, AALE
Wbk, MAAA AR F7h ARMEY FaFel idel vrhim g
(Nagano 5, 1979). SHAelA = QL&) 3, Aa7Izbel 94 Bl tehd &
Qi gkl AANAAFLHL, Ve NG, AABEFA Y B waw o]

21 tH(Hardin 5, 1981; Andrew %, 1981).

gt HolFor= ML AR, AT, AT, d4A8F 7Y #
7} vEbdth W87 4 (pancytopenia) 7t YEFUYIE Stal oY
T Wy gp)vto] AR sty ddd 3 Aas e A
7F vlud EAHoz yeiya vk (Werner &, 1943; Trihaut 5, 1979;
Nagano &, 1979; Terrill and Daly, 1983; Barbee & 1984).

Absrel digt AFAN=EA ZEV|AGTEFS KW Parsons ¥ Parsons (1938),
Greenburg 5 (1938)¢] EGME® 9] FAZZ 2 213 7[99 40 AAEFAANES
B39 al, Zavon 5 (1963)¢] EGME® olFAd o=z Z 2% 75 hypocellular
marrow s X 13+t Ohi®t Wegman (1978)2 EGMEo°) &A|AFE-A] IjH-2 =&
Z2¥ Ao HETAATES B 1 & HIES AYPAHeR ZEE 2
2250 e dF AT Al A = Mg A7 EGME R ol e} EGEE®
of el = Hixa Atk (Welch ¢+ Cullen, 1988). H#H A2

= Hlad H o1} Welch & (1988)2 AJAHEFZolA AA4 7
=3

ACGIH TLV-TWAS 5ppmo. & 47kA1¢] A24& B (glycol ether)fH7t &< 3hH
Y 299, 4=, FFAE 22 7]Fo]l H&Ha vk ACGIH TLV-TWA
7} 1984 25ppmell A Sppme. 2 SE5o] =t Nagano 5 (1979)¢] s&=4 & el A
Wbt A =mAdo] 2ASL Atk B SRS vl ZEE Adew delA gl
o] (Ohio and Wegman, 1978; Zavon, 1963; Johanson, 1988) skin notation (3]%-
FADol A& o 29 ouoA HZo AEIARYE Pl ik ¥4l o]

Ao HE B
& al

s H

z% A ot

BANE BAANE ZAZ oo U ZRAS] ALEF HRIE, ok, A
Hoh gt = AAR e A% B4 2AARSE UE 5 Q7] WE
of BAARRA Aot 2uA ANANN THE AQBASA AR Ao o



S 4 At a8y dAA-ew BokS w HAASFHZAHAA JERE toluene,
ethyl benzene, xylene, butanol, isopropanol, ethanol, ethyl acetate, butyl acetate,

methyl isobutyl ketone, EGEEA, nonane 53 #<& EZE0] EZAANBIME &

detA dvetutt 2Eu 7 RS AASASAHAAESE & F A= A
< ZEAESY F2 PH7F sttt ot sREA FEAT (En)7t AR
A1 0.01-6.78, BFA 0.06-2.002 H7} Wl L2259 H=2 vk JFE F
T AleRme V2, FR9 22 FEA, ZEAe AAuE, Addds SAHT
AR HRIE, AkAl, AU TR, AYE F o2l 7HA 8%lo] Atk & X
ARZE o] FolXl AL 11EEA 7123 F57F 2 ok F7]18419 S
o wet Wete FeEA vt mobged wel o B ol F7I7F HAe
A o B2 Aldd ot FAJE, AsA, Ay AR vt g A
A AR o2 AFoE ¢ ¥ FEE YERd JhsAdel o

7l

£ i, Aol met wolst 2 Ao Yed BAMNRLANA ek n
o 2ol MAE, A, AW THRAEE Fiol Wt v GHAT. Ed A
AN AgaE ANES] SR HE 10097447 PEvkn @ owl 2l
N BAH AL 1 Fo YREY Bolth ofd B FF MAEES AE
87] Wiol ofw SR AvhurF Agatipel Wl ERsFe] wekAA @
o,

ot 243 AxtE B xylene? ¥%7} 367.70 ppm< &<t
STEL# S SAstA= FAA F2o AFox & w xylenes @74 S
STEL#t 150 ppme 95 7FsA ol Atk

o E} AFF A9 3]'045}7301]/\14 AZEB [ FZAHo| &gt Riue 1 8y #ol
QoFst = 9l B Ao ZRFEi= EGEEAC #3 Ao AZdl A
L2 3 X}E—E A . P H e e AZEHFRA EGME,
EGEES ¥ v 3] B Greenburg %5 (1938)¢] H oA ¥ FA L FEZZA
o] ZRFLrRys v FLEE Yehla k. & Zavon (1963), Ohio <}
Wegman 5 (1978)01]/‘19] Hiuxg gae] A=A AMGHS W FRFER
2 AFgAY] srEY 2 AS & 7 Arh Ty 2 AFolA e 2ol #H<

O
HU
T
o
v
£
5
At

[‘_Lu



Eo §AZA A8 Clapp 5 (19809 ER5 et vws] 2y 2 AFoIA 9
E2unst hh e A0E F4% 4 Ak B 479 $U% 95 249
o Aol =AYl A EALE Sparer B (198)0 4 9] FREE A B Aol

Table 8 Glycol ether exposure measurments from published articles and

goverment investigations

Compound )
. sampled Mean(range
plant or job (No. ppm references
samples)
Samples taken for ethylene glycol EGEE (19) O 22_'27 9)
ethers during in Belgium ’ 983 ' Veulemans & (1987)
worksites EGME (4) (1.8-42.8)
Electroplating washing of a part Ohio and Wegman
Fused shirt collars EGME (NR) NR (25-759) Greenburg 5 (1938)
Production and packaging of =~ EGME (NR) (0-0.4) =
2-ME EGME (NR)  (54-85) Cook "5~ (1982)
Printing of plastic materials EGME (6) 20.9 (10.7-36.9) Zavon (1963)
EGEE (9) 1.3 (ND-13.9)
Parquet floors EGME (9) 19 (ND-4.7) Denkhaus ‘5 (1986)

2-BE (9) 5.1 (ND-7.3)

All samples for 2-EE and 2-ME EGEE(169) 10.2 (0-754)
taken by OSHA from 10/1/80 to OHSA (unpublished)
9/30/85 (110 inspections) EGME (48) 55 (0-66.3)

NIOSH sampling

Preparation of ceramic shells for EGEE (33) ND-23.5 NIOSH (1984)
lost-wax casting
Industry-wide survey branch EGME (NR) NR (ND-0.6) Clapp & (1984)
1981 Drumming blended chemicals EGME (NR) NR (0.1-2.8) Clapp & (1984)
1981 Jet refueling EGME (NR) <1 (0-4.7) Clapp & (1984)
1982 Cleaning of small parts in a
communications equipment EGEE(NR) (0.2-0.6) Clapp & (1984)
service center
Spray painting EGME (NR) 2.3 =
average over a series fo surveys EGEE (NR) 04 Clapp 5 (1984)
EGEE (90) 04 (0-21.5)
Shipyard painting E((i}é\é[)E 03 (0-5.6) Sparer 5 (1988)

2-BE, 2-butoxyethanol; NR, not recorded; ND, not detected.



EGEEE #¢telAd  EAAR diAbEe] A®ow wiE¥w  EGME: MAA
(methoxy acetic acid)® WAlEo AWow wjE"HY Miller &, 1983 ;
Groesenenken ‘&, 1986; Groesenenken %, 1987b). EGEEA, EGMEA+ <k
A esterasedl ¢3sle] 77} EGEE, EGME=Z ¥H3ad 3 z2e talztd oz EAA
o MAAR A2How HEHE Zow dHAY (Johanson G, 1988;
Groesenenken %, 1987a; Miller 5,1983). 1¥]al vl&E o] YAIEA S 28 7|%
=T AAEALS oA 7= Aow delAd At (Ritter &, 1985; Foster %5,
1987).

S| =

AAA T ME IFAEY dFNAE N F e AoeE d#Ad dn
(Groesenenken 5, 1986; Groesenenken &, 1987a). EAAQ HjAdS Z=ZFAF
ANZE Ao A 925 YebdH BESA 7= 424130 e g B gl
th. 2828 ACGIHIAAME F¢ #Zglo < o] (end of shift at end of
workday) tHAMHES S8t es @ity v 3 AFA =S AR FFE R
o AL, FEAAC dFAAHAT WA= G MAA, 71EF JHJAZEEY] AL
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EZAA 5 (bulk sample)®A A7}

1. A ¥4
7 | 1. EH-173 2. JQA
area % area(%)
Ql o IPA 0.37| o 1- Butanone 0.52
o Ethyl acetate 17.00 0 4-Methyl-2-pentanone 20.90
- o 1- Butanol 039 © Toluene 0.50
- ’ o Buthyl acetate 26.45
o 4-Methyl-2-pentanone 16.56 o Ethylbenzene 5.60
o Buthyl acetate 22.05 | o Xylene 37.08
o Ethyl benzene 7.01 o 2-Ethoxy ethanol acetate 751
o Xylene 23841 o 7] Ef 1.44
o 2-Ethoxy ethanol acetate 7.95
o 7] E} 4.82
%, area % area%
5 o Ethylacetate 59.72 o Ethyl acetate 95.84
o Butylacetate 39.68 9 | 398
Al o 7] B 06 | © -Ethoxy ethanol acetate 9
1o 7] E 0.18
Al 078 area % 220 area%
4 9%2 Ethyl acetate o 1-Butanol 8.29
68.64 Toluene| o Toluene 0.51
’ Butvl tate| © Ethylbenzene 18.71
1875 u acetatel | Xylene 72.16
o 2-Ethoxy ethanol acetate 5.19| o 7] E} 0.23




<l E 3. EP-1240 4. QHA-028
area % area %
o IPA 0.33 | o Ethanol 46.00
o 2-Butanol 152 o 1-Methoxy-2-propanol 22.85
o 1-Butanol 18.32 o Xylene 3.23
o Toluene 1.13 o Ethylmethyl benzene 12.06
o Ethyl benzene 14.26 o Trimethyl benzene 13.66
o Xylene 64.44 o Propyl benzene 1.74
7 3} A area %
o 1-Butanol 17.59
o Ethanol 2.37
o IPA 1.50
o Ethyl benzene 13.31
o 1-Methoxy-2-propanol  0.98
o Xylene 57.75
o 7] E} 6.50
Ay 024
area %
0 4-Methyl-2-pentanone  7.08
o 1-Methoxy-2-propanol  7.31
o Ethylbenzene 8.13
o0 Xylene 36.25
o Ethylmethyl benzene 12.12
o Trimethyl benzene 24.46
o Propyl benzene 1.72
o 7] E 294




2. B F4A
1) Alkyd+
HQE |1 = Zato]r 2. A oihd
area% area %

o Ethanol 3.55 o Ethanol 18.24
o IPA 0.60 o IPA 2.13
o 2-Butanone 1.53 o 2-Butanone 1.13
o Ethylbenzene 711 o Ethylbenzene 3.64
o Xylene 33.31 o Xylene 17.96
o Nonane 12.77 o Trimethylbenzene 3.43
o Trimethyl benzene 2.85 o Nonane 13.50
o Decane 6.62 o Decane 8.20
o 7] Ef 31.67 o 7]Ek 31.77

AsA | e e

Z
Ay 002(Alkyd~l) area % | Tt EE
1.04

o Toluene
o Ethylbenzene 16.40
o Xylene 82.28
o Methylethyl benzene 0.29

2) Inorganic Zinc

© O o0 o0

Galvany (2l 1)

area %
Ethanol 24.20
IPA 74.50
2-Ethoxy ethanol 0.34
4-Methyl 2-pentanone 0.31
Diethyl oxalate 0.39




3) Epoxy

HAAE |3 ZPEx Fig= 4, FHZ 2~ Zo|y
area % area%s
o Ethanol 7.20
o IPA 0.83 o IPA 0.37
o 2-Ethoxy ethanol 6.50 o 1-Butanol 19.58
0 4-Methyl-2-Pentanone 20.18
o Ethylbenzene 953 o Ethylbenzene 14.81
o Toluene 1.03 o Xylene 63.44
o Xylene 45.44 o 2-Methyl propyl 1.54
o Ethylmethyl benzene 3.16
o Trimethyl benzene 3.55
o Propyl benzene 0.41
o 2-Ethoxy ethanol acetate 0.55
o 7] ¥ 1.78
74 sk A ET5740 EP1240
area % o
o IPA 151 ar%i A/" 0.69
o 1-Butanol 27.42 Ethanol 2.6 4
o Toluene 1.50 ;
o Ethylbenzene 11.31 1-Butanol 14.88
’ 1-Methoxy-2-propanol 1.39
o Xylene 57.25 Ethylbenzene 14.54
o 7] & 1.01 Xylene 64.02
7] €} 1.84
Ay 024 o} A=
area%
o 1-Methoxy-2-propanol 7.31
0 4-Methyl-2-pentanone 7.08
o Ethylbenzene 8.13
o Xylene 36.25
o Ethylmethyl benzene 12.12
o Trimethyl benzene 24.46
o Propyl benzene 1.72
o 7] E 2.94
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