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-Abstract-

A Study on Composition and Exposure Assessment of Ethylene
Glycol Ethers in Industrial Operations

Kwang-Jong KimT, Jung-Chul Kim

Department of Preventive Medicine & Institute for Occupational and

Environmentcl Heaith, College of Medicine, Korea University

The purposes of this study were to provide the data for composition of ethylene glycol ethers and
2-ethoxyethyl acetate(EEA) exposure assessment of workers in various industrial operations.
In this study, 80 thinners were analyzed to identify their composition and the air concentration of

2-ethoxyethy!] acetate(EEA) and urinary 2-ethoxvacetic acid(EAA) were measured.
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In this study the subjects were the total of 183 drawn from 98 workers who were occupationally
exposed to EEA and 8 workers who were not.

The results were as follows:

1. There were found average 4.2 components in each thinner.

2. There were 90 components(26.9%) in ethylene glycol ethers of total of 334 detected organic
solvents

3. Ethoxyethyl acetate, ethoxyethanol, buthoxyethanol, methoxy-ethanol were found in 30(37.5%),
27(33.8%), 19(23.8%), 2thinners(2.5%), respectively and their contents were average 18.5%.

4. Benzene was found 8 thinners(10.0%) of the total 8) surveved.

3. In the electronic painting workers EEA exposure concentration was the highest, as showed
2.83ppm(0.01 ~15.1ppmy), cases of exceeded threshold limit value(TLV=0ppm) were 7(10.6%)
workers among the total of 98 exposed workers.

6. The geometric mean of urinary EEA in exposed workers was 1.6] mg/gcreatimine, and was
higher than that of workers who were not exposed.
In the electronic painting workers and offset printers, the geometric mean of urinary EAA was the
highest showing 2.8 mg/gcreatinine.
7. The correlation coefficient between urianry concentration of EAA and air concentration of EEA
was 0.90(P < 0.05).
The present results suggest that composition of ethylene glycol ethers in thinners must be evaluated

when industial hygiene survevs and hiological monitoring are performed.

Key words: Ethylene glycol ethers, Thinners, Exposure assess-ment Air concentration, Benzene,

Threshold limit value, Biological monitoring
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& A7 resins, 71, AJE, U2, 98, 43, AFH
A, AT FEF 5o Sz o) & x gt}
(WHO, 1990).
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Table 1. Systerms and operating condition of gas chromatography

Variable

Condition

Gas chromatography
Hewlett Packard 5890 II

Column : HP-FFAP

Capillary Column(0.3ym X 50m)
Injection Mode
Injector Temperature
Dector Temperature
Column Temperature

Programming
Column : 2mx 1/8 inch SS, 10% FFAP

. Split{100:1)

: 220

1 270°C

: 35°C 6mim, 17°C/min
to 120 5 min

on 80/100 mesh Chromosorb W-AW

i Injector Temperature 230
Varian 3700 Dg:ctor Tempierature 1 270°C
Oven Temperature : 50°C 9min, 10°C/min
Programming to 155C 3 min
2% o)gstetae g48 2 liqud support® ¥ A7 F 5%2] methanolo] &% dichloromethane
& 47 deste] A4 xRAMY ARetEay  §ojoR s JhaaRntETzlT(Hewlett Packard,
S ol HMo 2UE ko EE Oven Tem-  model 58%. US AR FAsL, Ei&d W
peraturec] MBS Fof ob& 22 3 H Rl 2 96.1%@BRT~1088%)eIth thi2 GCY £
718 Zolti<Table 1>. Zloltt,
Ao wel 2N A AJgeF ki 3
Mibalsss Al A Aed AR Ast Column : HP-FFAP Capillary Column(0.33m* 30m)
of o]t AR A3 & ARrtE 1y 9]‘ +9 Colurnn Temperature Programming @ 35°C 6min,
Jro] Faldle] ARvlEWHES AL} AlRF 17C/min to 120 Smin
7] gAle gRgol getuy o] AlFirw A% Injection Mode : Split (100:1)
e grgdon oozl TEEuMon daslgit) Injector Temperature : 220
Detector Temperature © 270C
2) AAA BI|F 2-ethoxyethyl acetate 5 &8 Flow rate : N2 (30n¢/min), Air (300m{/min)

mar kgl akglobd B A o (National Institute
for Occuptional Safety and Health, NJOSH. 1994)<]
A st $ A (Method No. 140315 4838
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2ni3 A E e sl FHsha WF EFEA 2-furoic
acid solution (0.5g/ )& ¥ 1 o] &4 (1:19) HCI
S A7e s AR tERved ohxzg
Z EHH(21, v/v)O.E ethoxyacetic acid&
'3}031 A4 2dEe & g 1.5m vialol

% trimethylsilyldiazomethane ©. 2 #% %3 A7t

o ~H 23% 8H-E flame ionization detector?} &

mg ml
R —l)h
o e

h ]

2% GCIGC-FID, Varian, USA)Z 243190
10-500peme el &5 YoM Hit 3FEe
RI6%(T8~102%)0l 0 0™ AZE3 A= 0.07Ing/ { o]
At
& GCY #A 2dojr}
Column : 2m X 18 inch SS, 10% Carbowax

20M on 80/100 mesh Chromosorb W-AW
Column Temperature Programming :
50T 9min, 10C/min to 150 3min
Injector Temperature : 220
Detector Temperature : 270°C
Flow rate : N2 (30m¢/min), Air (300mé/min)

Injection volumn : 2u¢

4) 2% 3ol &Y

2% EAASAANE 8% Adolgdor BA
7 flEld 2% AzolHd ZAHE Ogata 9
Taguehi(1987b)e] #EAWH & o] 8319 Lt

olwf HPLCY 24 & thed #r.

Column @ ¢46nm X 150mm, SS

Support : TSKgel ODS 80Tm, 5um

Mobile phase : {20 mM KH2PO4(pH 3.2) +
3mM 1 -Decanesulfonic acid, sodium salt}
/Acetonitrile = 80/20

Detector @ UV 225nm
Flow rate : 1.0m¢/min
Pressure : 120 kg/cn

Column Temperature : 36C
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Table 2. Number of organic solvent detected in thinners by industrial operation

Operation Igﬁm gf ﬂl\llicl){ngrt; mgizy;()c;c%zvem orﬁea?u%ﬁiof:;fm
Electronic painting 5 17 42 25
Car repair spray 4 4 17 43
Fumniture spray 3 4 27 6.8
Printing 5 26 3.7
Metal painting 8 9 43 4.8
Automobile spray 2 16 100 6.3
Paint mixing 4 18 64 36
Adhesive 3 5 15 3.0
Total 34 80 334 4.2

Table 3. Number of organic solvent detected in thinners by component category

No. of organic solvent

Glycol Chiorinated
Operation Subtotal Aromatic Alkane Alcohols Esters Ketones
ethers Hydocarbon
Electronic painting(n=17) 42 7 6 - 4 1
Car repair spray(n=4) 17 6 - - - 3 1
Furniture spray(n=4) 27 5 9 3 1 3 5 i
Printing(n=7) 26 6 8 4 2 4 i 1
Metal painting(n=9) 43 9 15 8 I 4 3 3
Automobile spray(n=16) 100 36 36 6 3 8 11 4
Paint mixing(n=18) 64 [ 16 9 4 6 8 2
Adhesive(n=5) 13 3 5 4 - - 3 1
Total 334 HX26.9) 14(31.1) 44(13.2) 19(5.7) 26(7.8) 38(11.4) 13(3.9)
n . Number of thinners
n-Hexaneo] & AuvF 4470550%) %2 7HE 2ol 9] ethylene glycol ethers A% 185%, n-hexane
AZzFN oW, &8 toluene 4171(51.3%), MIBK Z9| Alkanes¥™ 100%E 7} stotti<Table 4>
1778(21.3%), styrene 117§(13.8%), benzene 87} Table 4. Content percentage of thiers hy type of organics
(100%) Fol2teh. /187 WAE Ak 34 4 A
. . - ean nge
o) gero EAMEl Ayl jsopropyl alcchol, ethyl £
) i Aromatic hydrocarbons 20.6 308 1973
alcohols alcoholit 50l 14 AR ek Hat Alkans 100 29 162
e e I Alcohols 48.7 320 23-98
43.7°6(23~98%) 2 7HE kAL, toluere, xyvlenes 2 Ketones 207 08 208
I methyl  ethyl ketone, Esters 108 06 29
Glycol ethers 18.5 27.3 1-98
methylisobuty] ketones @] Ketonest, TCE, TCA & Halogenated hydrocarbans | 206 152 656
o] stz s elglyAits zh oF 20%, EE, EEA% SD ¢ Standard Deviation
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}

]:]_B]—A

HEHA A Az

B g w2 BFEgA 50%, C-Hexanane — FAolA] FEl 29A #Hel7t 2w
& AFAAZR BFEZAGAM  250%, methylene o) ethylene glycol ethers 3HgEo] <A
chloridex= #HJ1E Wil 222%, dimethy- 2 A RS 545 7HA T Qo] oY A F
lformamide:= AH&AF 8] R 7FAFe] B B oA 2] AREEH I glot QA A FATA A,
FAANAN 2z 6% 2 7P 9tk Table 5> A7) A Asi7E BaEEA ofo] gk 2gdH
190 el =4 2ol A ALSE v & §F oddEe] #iel nxH: Stk whhA AE Y
3 AR AEr 77188 AEES A A4 oA 2930 S A0S s YA E A
oA J AEHEZFT 37, T FEH 5170 Z9l AYE ethylene glycol ethers 3+gH&9 744
F714AT BEFEH sl eart 27701629%), AEF w9 gofo] Fonrn My ot
7t 314%% GER KA FFE, 1914), £ 24 3 Zh JEo AT AA AMEE AV OAME F
AEF 428 0he @2 408 Hoy 435 &g A ethylene glycol ethers 3-8 4% 23

N %

ERL,

woh 3 ethoxyethyl acetate(EEA)9 74§
; ethoxyethanol(EE)  33.8%(2771),

rlo

375%(307H)

huthoxyethanol(BE) 23.8%(197]) <=°%1 12 methoxy
25%27MW= 743 ekt

ethanol(ME)2

Table 5. Number of tinners by compcnent of lower than S0ppm threshold limit value exoept

ethylene glycol ethers

No. of organic solvent

Operation %(;i. m(:f Benzene  Toluene Styrene n-Hexane  MIBK  C-Hexanane xghn?g:ne Dimethylformamide

ers  (0.5ppm)  (S0ppr)  (20ppm) (S0ppm)  (S0ppm)  (25ppm) (S0ppm)

Electronic painting 17 3(17.6) 4(17.5) 11 (64.7) 2(11.8) 1(5.9) 159

Car rtepair spray 47 2(50.0) 1 (25.0) 2(50.0) 125.0)

Fumniture spray 4 4(100.0) 1250)  4(100.0) 1(25.0) 1(25.0)

Printing 7 2(28.5) 20286) 4 (57.0) 1(14.3)

Metal printing 9 2022.2) 7(77.3) 5 (55.6 2(222) 11L.Y) I(1LY 1(11.1)

Automobile spray 16 15(93.3) 5313y 6 (375) 5(31.3) 4(25.0)

Paint mixing 18 211D 4(22.2) 3(16.7) 99 (50.0) 5(27.8) 1(5.6) 4(22.2)

Adhesive 5 120.0) 3(60.) 4 (80.0)

Total 80 8(10.0) 41(51.3) 11(13.8) 44(55.00  1721.3) 7(8.8) 6(1.5) 4(5.0)
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A} Z A ethylene glycol ethers® A¥ AF
Aol A 2bEab ARde] £F ST AAA
EEAE 100%(47]) A&5H%2
A 81.3%(1370), 7FHHAZ 283 A 50.0%(27H) £l
Rom, HAE Az wWETAHE 167%3H= 7t
ol

ethoxyethanold] #A&E&E AsAAR =4F4
oA 63%OME 7 =
50.0%(27)), Qe WIS 3
A47F 44%0ller] AAAE ST 11.8%(02
M 7HE gl

buthoxyethanol H&8&2 #5a5eld w354
ol HB.0%3ME 71 =i, =5
AEA) Az ©AFA 31.3% &0
Azel wWEFAL 167%G7HE 7]-% E3ie=y
buthoxyethy! acetate(BEA)2] & & A5k 4=
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Table 6. Number of thinners by Component of
ethylene glycol ethers

. No. of No. of thinners
Operaion | hioners ME EE EEA  BE  BEA

Electronic painting 17 169 2(118)  3(17.6) 3(17.6)

Car tepair spray 4 - - X1000)  3(75.0)

Furniture spray 4 - 25000 2(500) 1250 -
Printing 7 - 2(28.6)  2(286) - 2(286)
Metl painting 9 - 4444 222y 3333 -
Automobile spray 16 1(6.3) %56.3) 13(81.3) 5(31.3) 8(50.0)
Paint mixing 18 - 8444)  HI6TY 3(167) 1( 5.6)
Adhesive 5 - - 1200)  }H200) 1200
Total 80(100.0) 2(2.5) 27(33.8) 30(37.5) 19(238) 12(15.0)

EES} EEAS] 442 o
> FHRlE HH gzé oA EE7} ## 436%(1.7~
1% 2 7 wokon, EEAT a4l 8ol
BHB6%w M = kL BE= #a4E Sl A
B 680%E 7 Eokov, thee #gl
ol A 396% ol TH<Table 7>, <Takl
Hato A AbgE AR Al
Ao A ethylene glycol ethers] 7]5}%*% 8~T76%0]
ol v ahgdon kel 1998), Winderst NG

= W

)
OC
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Tahle 7. Content percentage of ethoxyethanol(EE) and
its acetate(EEA) in thinners

Content %
Operation EE EEA

n Mean Range n_ Mean Range
Electronic painting || 2 330 10, 649 3 346(52.1) 40-94.8
Car repair spray - - - 4 74(40) 34-130
Furniture spray 2 107 20, 194 2 10.4 10~199
Printing 2 249 104,396 2 556 454658
Metal painting 4 24016 10~40 2 32 15, 49
Automobile spray 9 9470) 1.0~167 13 1650132) 10-464
Paint mixing 8 436(438) 1.7~98.1 3 29.6(41.8) 33-778
Adhesive - - | 93.1 931
Total 27 215(30.2) 1.0~98.1 30 198(242) 1.0~ 948

Table 8 Content percentage of buthoxyethanol

. Content %

Operation n Mean Range
Electronic painting 3 68.0(47.8) 13~98.0
Car repair spray 3 10.2(7.8) 41~1990
Fumiture spray 1 - 17.0
Printing - - -
Metal painting 3 19.9(16.0) 7.6~38.0
Automobile spray 5 9.7014.1) 2.6~350
Paint mixing A 39.6(52.3) 9.0~98.0
Adhesive - - 5.7
Total 19 26.3(33.4) 2.6~98.0

() Standard Deviation

& Arol vt Fekals] wio] Hat A s e
71} ethylene glycol ethers®] Zt ﬂﬁ% A 5t
¥ 5g wAIgel uibsic} ahdlch & 807K Alvt
% EEO| #HifA¥ & 21.5%(1.0~%B.1%) 0] 13

EEAT 19.8%(1.0~9%4.8%), BE<: 26.3%(26~98.0%)

dutd o g HES EEA ethylene glveol
ethers7} #|&o] 10%c]8} Ffxlo] AR Fad
7)5& Awetn %3] g3 4dv] vy 2

a—‘f{ A 3Eo] 1= 18~35% ethyiene glveol ethers7}
f5lo] QTHNIOSH. 1991).
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A Ao 2 FEAY =&d 2ExIF7] HA
A ZA% 7 g5 A3 §71% EEA ¥
B AZAE 4FY EFEgTARAAM VT
2.88ppm (001~ 15.1ppm) 2.2 744 ¥t 53]
T2AF 237]F Sppm(=F T, 1998) ol 23
g 224 £ 2%(40%)0l AL, A2, 22
dAH, AFARNP EFeRE vlspEdE o
08ppm o2 fAMeH 12 & vhebdich

A z2AE 2249 357 9X9 ¥71F EEA
59 718" AE 072ppm (0.01 ~189ppm)o] 2L
F ZEA F 74 (106%)°] Zostgich
<Table &>.

eE7EE

Table 9. 2-ethoxyethyl acetate(EEA) exposure
concentration in various operation

Operation No. of EEA in air(ppm) Case of exceeded
workes GM  GSD  Ramge  TLV(Sppm)%)
Electronic painting 5 28 138 001~151 2(40.0)
Car repair spray 23 080 035 060~220 .
Offset print 7 08 025 060~126
Screen print 5 081 033 064~140

Automobile spray || 14 063 279 001~189  5(35.7)
Paint mixing filling | 12 033 084 016~15] .
Total 6 072 135 001~189  (0§)
* 1 P<0.0B

GM(GSD): Geometric mean{Geometric
Standard Deviation)

Veulemans5-(1987b)2 EAAAAA
ol &Yz, AsAte} brAIEY 2 Aal, abs
b FEdAY ERAAE YR 7% EEA
FEE 4% A% AN ekE T ppm,
=32 1.8ppm, AFATY =AY 16DDm°]M
% EEA SRS FYUN o B 27
(ACGHH, 1984) =935 &
o w71 20hE IOG%EE} =4 JEst
37 371F vE 94 24 et

Sakai $(1999&  AARERYS HHAAE
‘:H%LPA F71% EEA ¥ Hos: L7ppm(0.

2~420pm)E AlAIE}1 3 Sohnleins (19932 UX
*31“} 22 1299 ¥7]F EEA s%7b dd

AA =

-120 -

05ppm{<0.1~3.7ppm) ¢ &
2 AxEg gi ‘5!—8— ?W% Bgch
ol 49| AuolA Al
A FAAA Bl uF F
o g A ] B
ol A5k 1317} TR 28 # A5 Fu A
EEA® et oe A4 9 AW A
o EAE 7}11 A7 WEo] ARIE, THE AH
Al T Z4F Aol thstA AHEHI it
azv EEAE A¥FE3 AN A=A
H714, gty 54 5& LAY AAAA 1
b A F9) e o
98). AdH o2 EEAY =
29 <2ae AZRSE AAME Add F+E
= e ZUHE e
Z4std QA9 A7 A= 3
7kel AR 2ol o] &H 1 9l
EEAS &84 2w H 2% EAASY &
Aubo = Smallwood'5-(1984), Groeseneken’s(1986,
1930)¢] Wo] glont o]59 EAubH e H¥xzt
o] EFsti A7 ARZE W7l wfEe] 1993l
Sakaig o] Algxzto] hekabar wE FAE At
of F Al o]E A &3}l

iU o
2229 8% EAAFES 7|shgqt

[

EEA ':=%
2 161 mg/g creatinine(0.07~134.3 mg/g creatin-
ine) 2.2 H|%=E79 046 mg/gcreatinine R b 35
o Eokow, aHjFsor BAE 8F EAAF oA
T A veEFRY A48 U< Table 10>

EEA =3 2254 nl=re] ACGIH(1993)¢]
AEEA &7 [(0mg/gereatinine ©] A= 2
How vERt

F9TAE 8F FAA 3o+ 9499 F4204
A Aol dAAF 4}}2}@1}0!]/% |33 7 2.8me/g
creatinine &.& 7} 9k m HAE Az wigharg]
A= 094 mg/g creatinine & /H} woth<Table
11>,



Table 10. Urinary Ethoxyacetic acid in exposed and non-exposed group

' Exposed(n=98) Non-exposed(n=85)
Operation GM GSD Range GM  GSD Range
Ethoxyacetic acid in 205* 1.61 0.08~75.9 050 10l 0~5.63
urine(mg/ £ )
Ethoxyacetic acid in 1.61 1.63 007~1343 046 110  0~53l
urine(mg/g creatinine)

* 1 P<Q.0B
+ ¢ Adjusted values with specific gravity of urine

Table 11. Unnary Ethoxyacetic acid in exposed group in various operation

. No. of EAA in urine(mg/g creatinine)
Operation workers GM GSD Range
Electronic painting 5 2.78 244 042~494
Car repair spray 14 2.26 1.80 0.18~73.0
Offset print 6 2.80 1.65 0.45~31.2
Screen print 5 1.12 2.76 0.07~23.1
Automobile spray 50 1.64 1.59 0.17~1343
Paint mixing 18 0.94 0.94 0.23~7.03
Total 98 1.61 1.63 0.07~134.3

Not Significant

Veulemanss(1987a)2 #7]% EEA®®7} ¢
39pmdl =2d A3 2328 A g4 223
S5ME dAeR 2% EAAES &HE i #Ho
106.7 mg/g creatinines A A3} 31 Sehnlein 5(1993)
& UnE MAeheE A”jzte 371% EEASEE
25ppmE AANSFHT HFFTEF o] 8F
EAA T5v 3¢ 338mg/ ( o)A&& Ral st
3 Sakai $(1993)8 At 2FE oz w1 1ejate)
7% EFASE7F 33 1.7ppm%)

A% ol @F FAAYE Hyf 107 nw/g creatinine
2 YJeh} ¥ 43 Bohs & 8% FAA 558

AR

ole} & #Hile Aoliz HYFHY FUF
EEA §%k, AMEEe /7184 5 EEAS ++4 A+

o
plot
oM,
=2
iy
iy

)

2 4% o] o, AYat HUF 4B oS
Al G AR el 19 AYNLF FE
g

8% 5 17P EEA =374% 913 498

e

™

ol

=2,

o

a

uc E =
ol

-
il

Mo

- 121 -

(o
=
offt r

4o e
e

<
a3

e

B3
¢

iy

AL
o

1 il

L

!

o

e
L4>31

ox
0
it

H1
ot o

oz

el

o,
454
o

N
[5ad

N @

r&
O
it
4

onl

g 89lolg} Mzteict
011*1 4%51 AU RS EEASHY

z?
o
o

L1
w

o

13 FEAO- Y Z‘!?;!ZJ

fatd
Y
Q
_\_
;o
E
off
i
o
_\‘9
ox

& A F7F EEAF &9} Q3

r

© A8AT 090(P<005) 2 EE
AE EEAS 33 '“/1 % EEA
[e)

= 050(P<0.00) &2 13141”3 oA



& 4B B 2A¢ 27] A9 dyy
of £30) B 4 Ut

Table 12. Correlation coefficient matrix of selected

study variables
EEA%- EI*?A in EAA in
air urine
EEA% 1.000
EEA in air 0.500 1.000
EAA in urine 0.100 0.900" 10.000

* P<0.05 by Spearman’s rho correlation
+ 1 content(%) of EEA in thinners
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