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Urinary 2-Ethoxyacetic Acid for Biological Monitoring of
Workers Exposed to 2-Ethoxyethyl Acetate

Kwang-Jong Kim, Sang-Gyu Sung, Jung-Chul Kim, Hae-Joon Kim

Department of Preventive Medicine & Institute for Occupational and
Environmental Health, College of Medicine, Korea University

This study was carried out to evaluate the association between urinary 2-ethoxyacetic
acid(EAA) as a new indicator of biological monitoring for the workers exposed to 2-etho-
xyethyl acetate(EEA) and independent variables such as the EEA exposure concentration,
exposure dose, total EEA absorption amount, work duration, and alcoho! consumption. In
this study the subjects were the total of 160 drawn from 75 workers who were occupa-
tionally exposed to EEA and 85 workers who were not.

The results were as follows:

1. In the electronic painting workplace, EEA exposure concentration in the breathing zone
of the spray workers was the highest, as showed 2.88ppm(0.01-15,.1ppm) and cases of
exceeded threshold limit value(TLV = 5ppm) were 12.0% among the total of 75 exposed
workers.

2. Four workers(5.4%) of exposed workers indicated more than 50.0me/g creatinine of
urinary EAA, the geometric mean urinary EAA in exposed workers was 2.49mg/g
creatinine, and was higher than that of workers who were not exposed.

3. In the spray workers of auto products, the geometric mean of urinary EAA was the
highest showing 5.76me/g creatinine.

4. The difference of urinary EAA by EEA exposure level was significant and the correlation
coefficient between urinary EAA and EEA in air was the highest showing 0.530(p(0.01).

+0] FL 19974 F5YeAEADe] FRIA AFulo 3t AT HUE.
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In conclusion, the amount of urianry EAA proved to be a good parameter for biological

monitoring of workers exposed to EEA.

Key Words : 2-Ethoxyethyl acetate, Ethoxyacetic acid in urine, Biological monitoring,
Total ethoxyethyl acetate absorption amount

NOE

2-Ethoxyethyl acetate(EEA)E E&], 383
oz AFA L A A4S /A 01 o
ol HE, A4, 932, &7, JER H4E2=
FAF R AR 44 Sl FHASA AMeHn
ek, EF o] EAL /M AAFNA AHA=Z,
A& 9 AQdalr dre] 83, 432 23d
AHE Q17 U2, W TE) A epoxy resin &7
24 A AHE R JITHWHO, 1990).

o] 844 =23A12 APFEINN nBEF (testi-
cular edema)® AH=# #3(tubular atrophy)
< fFEAFH e (Miller ¥, 1981: Cheever 5,
1984) A% F 9 E7lolM 3714 (teratogenic)
3} efolEA (embryotoxic)S SIAIATHNIOSH,
1983).

FEF o] B FYFoR vrE =29 22
A NE, B¥RAS, 1Y, 8, @715, 2y
Az, BFYWL 59 453 Fol B Hyen
(WHO, 1990), 8984 7F4l(Ohi®t Wegmann,

1978: Cohen, 1984), 44714182 78 (Oudiz9

Zenick, 1986: Welch &, 1988: Ratchiffe &,
1989: Welch &, 1991)F°] B3 HA}t FHd
E HxAdA e JHZEANA o5 B FY
A x22 A% AARAAT 3 YAt A9y
F711e] AR AFE gt e Az3g 2
2AE ez A A3}, o] B &9 #
Al F-38AE JEAHCorrea 5, 1996:
Swan %, 1995). o|9dx wt=AIYPA] 22}
oA 24 R e g JEH FA e B}
(Eskenazi %, 1995a; Eskenazi ¥, 1995b), ¥
=4 AhelA Yy ddE AAF4 JE 44y
A1A dgke) A/Ao]l B HUTHSckenker F,
1995).

EEAt A5 &0V Q3N A5, Hols

4, A7 T AT S 998 SHEE
2 on] AFATeA [IFHI 7] W] u)=At
AN A E713 2l 2] (American Conference of
Governmental Industrial Hygienist, 1998)9l
Me & A718ART o) 849 @ FAE 9
S 7388l F71F HE8FEE SppmoeE
ARaRer LEvE A =&71EE Sppmo
AAstn AcH(=FH-, 1998).

AgHeg f78AE gt ZE2Ad dF
ARFHE G HdlME 3NF f7)8A9
FEE SAEH Al BENA, L3 E=E AR
2 98 AW F =& %(internal dose)& ¥4
e AETE 2UEF (biological monitoring)-&
A8l Qztke] FAAIEQ] AHoY Y 55 ol§
3t FF 318 Edol a9 gAMMES 23t
AEEA wEBAFE FH I Po| o] &3tz girt

53 EEAx Y58 53 AUz 2 F5=7] g
o ¥71% %% &% (ambient monitoring) Tt 2+
<229 A7 B2 Wyes AAsER gt
(Guest 5, 1984: Dugard %, 1984: Angerer &,
1990: Kezic &, 1997).

AYFEIM EEAY) =22 A% 85 ARIEY
3 o] A AEE o3 FPA oz EEAC
2E 22X A% FA ok dEMe 8%
9lA ethoxyacetic acid(EAA) F5& 333k A
o] F83% Wgeltt(Miller %, 1981: J nsson %,
1982; Smallwood %, 1984: Groeseneken %,
1986a: Groeseneken %, 1986b: Groeseneken
<. 1986¢c, Groeseneken &, 1987a: Groeseneken
. 1988: Groeseneken %, 1989: Sakai ¥,
1993).

EEAE AWM free glycol ether®2 44 7}
FE-3)=5] AJlolA alcohol dehydrogenasedl 2]
T WARE-o2 gAMHEQ EAAR A Afsle
Roz dejFHCheever 5, 1984).

feEldEelMe FYdFoz EEAd =39 22
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A8 1% BUHHY JESH Y-S A
2% 7Hexposure assessment)oll g A7} v
% &3 Aejolt,

2 A7 AeAzYE EEAY =59 223
£ AoZ ol59 337 XA F1F EEA
FEE 3R89 FAd 8F EAAES EAEY
ol EZ AEHH ZYEH 9%E A= A8
SUES A 8% EAAY diE x=F97te
B3-S AEsY 222 A3R3Id F8% W
H& AAsaA

E d7e 55L&

Zt #AAFAE EEAd x2d 22xk9 3{7)
AR AN F71F EEAY =& 38 xrgy}sh_

85 EAAE B4 7} FARjFAd uE
EAA #5319 Aolg AR st

EEA :=2224A 8F EAA° AEEE
A7) (half time) & &3t 8.5 EAA F=° 9
FS A e A 89(FVF EEASE, =%,
% EEA9 5%, 25dF, £5% 5)0d 43
A4 52 AEsA ).

Ao 3 Uy

1. o7 chat
A&, ANAQ AT AFAAZYA, AFA
U, HAE AzYA, AASAYA, AAA

FAA TN FE EFEAAY, WAE 48 o)
3 2 A, FAUH L 23894 FHYL 3
E AIACA FYgAez EEAY &8 WA &
22 S x2Fe2, FAYPFez EEA ¥k
29 AHRE GASER $HEE v dRxFer
AR sttt
Az Q1A SAdel #F AR dF,

Edg, A%, AF, FIAF, 57 5& MU= A}
xE 01%6}04 234 B3 AR

2. oAy

7t EeiEel B7|F 2-ethoxyethyl acetate &
= &3

vls FPAPFAR A A 9 (National Insti-

tute for Occupational Safety and Health,

NIOSH, 1994)¢lA FHE FAAAY(Method

No. 1403)& 33l HL3Att. =& Z2ANA
A9 Alg XYY (Gillian Model 513A, U.S.A)E
AMg8l Z2ate]l 357 49l BAET(100 ng
/50 mg)& ¥2dle] f4 0.01~0.05 //ming
Foz F71F #H718AE FHAANILF 5 %9
methanole] &3¢ dichloromethane §¥%o2 &
#stod 7t2az2etE22E(G.C. Hewlett
Packard, model 5890. U.S.A)E EA39}.

2a&2 AT 96.1 %(88.7~108.8 %) I},

e G.Co 4 2ot}

Column @ HP-FFAP Capillary Column(0.33
mX 50 m)

Column Temperature Programming : 35¢
6min, 17°C/min to 120C 5min

Injection Mode : Split(100:1)

Injector Temperature : 220

Detector Temperature : 270C

Flow rate : Ny(30 ml/min), H(30 ml/min),
Air(300 ml/min)

Ll 2F EAA SE &3

O 2% EAA 5k 53

A9 Fdo] B¢ FaY FAYZE Fo 28R
A29E AFT. = 8F EAAY w7)E &
23aal F8Y FAYFE olF EEAC x3HXR
SE =23 71 B T4 22AE e
2 63 A 28& A3t

ANez AYP 250 m polyethylene bottledl
22219] 8.8 A3 -10Coldke YEael B
Q. WE rud 88 36.5CAAM =9 ¥
Sakai $(1993)9] ¥Awhd) o3 A8, &
2m-& AAEEF] H3n R FFLYQA 2-
furoic acid solution(0.5 g/1)& ¥ o] 499
(1:19) HCIZ F7ls) A3t Al F YE2 =g
o)Azl gFE EFA(2:1, v/v)e=2 ethoxya-
cetic acidg& FE3I%ch. 94 Ee3l9 39 1
mE& 1.5 ml viald] A F trimethylsilyldia-
zomethane 2 2 A3} AZTh oxHZ31d §
g BE2HE7IVE AR ez gvte g
(Varian, U.S.A)2 ¥43}%ich.

10-500 w/mis] F= WHANN2 B rge
89.6%(78-102%)°1R.2™ A&EWAE 0.071 e/ !
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ojict.

& G.Ce ¥4 zdelt.

Column : 2mx1/8inch S8, 10 % Carbowax
20M on 80/100 mesh

Chromosorb W-AW

Column Temperature Programming : 50T
9min, 10C/min to 150°C 3min

Injector Temperature : 220C

Detector Temperature : 270

Flow rate : Ny(30 m//min), Hy(30 m/min),
Air(300 m/min)

Injection volume : 34

@ 2% Fsoleld &3

23 EAA 23X & 85 Aygogog B3
A3led 8% AdolEld 3L Ogatast Taguchi
(1987b) 9] WY& o] 83t

ol HPLCY 23 3% 2}

Column : ¢4.6 mmX 150 mm, SS

Support : TSKgel ODS 80Tm, 5 im

Mobile phase : {20 mM KH,PO,(pH 3.3) +
3mM 1-Decanesulfonic acid, sodium salt}/Ace-
tonitrile = 80/20

Detector : UV 225 mm

Flow rate : 1.0 mi/min

Pressure : 120 ks/cr

Column Temperature : 36C

£% EAA ¥%= ¥INE me/g creatinineo® ¥
Al st ct,

Ct. & EEA E5R A&

EEA%7Iel =&A] 95-&5e 337] € 5
Al M93e F FeAFE Tsuruta(1986)) 34
& A4-34r

% % EEA §5% = 313 5=EX(EEAC =%
B ¥ (nr) xEEA HREFE5E+59 EEA
AHE xS 819

o7]e|A EEA & dXEAe 7 2229 AR
A () I (A AP+ A FP % 0,0078 (7353, 1992))
ol B4 APA] x=2HQ HE, & a8 &3 8
9] % AEHA o] 19.1%(Popendorfs} Leffingwell,
1982) & A=A o] § F3lct.

EEA Y3 EFFEEE 19 a/hr(Kezicks,

1997), #Ho] EEA 43 &< 64.0 %(Groeseneken
% 1987b), REAYA £ #H9 g 20 !
{Jensen, 1984)5-& 71EARE @43t}

Bl A EAA Bidel MESHS pizl| A

EEA x% 227 Ay EAA Wae d&e
Renwick(1994)¢] A|AMzA7] 84 =2d F4&
o183 & C = Co- ™, 714 C& AR
A9 EAA ¥%, Cot 29 ¥E, Ke td2=
A MAEE 5olth,

EAAAIAC o@ ¥z (tp)e 718 349
S84 AR A ty, = 229 BA) Q) @
33

ol BAEYN

2E A8 dF BAENL d=94 SPSS H
A 8.0 ZRIYPEL o &Ht, =2FH HxEF
o] leir 8% EAAS 3715 EEA S3X9 3
T EXE AT A9 4T ERE 8 %
AEE 73 ny ZislEsdA, 49 o2 e
Wt olE d3e] {oA AFL t-test, ANOVA
WS AS35n 83 EAAS 371F EEA ¥
=, 2545, &57%, =&Y $ EEA ETF 5
A Azke] FHAPYL ABAL()E EAEA.

Hydnt

ZAL hdAe] AAEHL Table 13 2Tt

& AR F =BT 7599 BF 482 4.1
A(19~584), HT T&dee 8.44(0.2~30.04)
ojlgen W&y 8599 i AR 35.14
(20~594), B 2H&d5E 8.19(0.2~13.69)°)
Ren F EIe] Wi 4Y % HE 2HAFe §
AL Aol7t YAt

&7 SFFL 17Y T 284FY & F
€ 71Eez WHT 1.6W, Hx=E3TL 1.33%Un
FAFL 19 2MFe AR VEs] xETe
0.73, Hl:=2FL 0.87% &M F w1t
W FFFY FAFL FAFA /A% Holst
Ut

YA o2 EEAY &€ 2229 38F7] 93
dx S8 2 4% AYIFE ¥71F EEA ¥
Ee AAAE 4F9 EF=AITEAAN VIsiEE
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Table 1. Characteristics of exposed and non-exposed groups.

Exposed(n=75) Non-exposed (n=85) P-Value

Agelyr)

mean(SD) 34.1(7.9) 35.1(10.6) 0.505

Range 19~58 20~59
Duration of employment(yr)

mean(SD) 8.4(6.2) 8.1(5.8) 0.280

Range 0.2~30.0 0.2~13.6
Alcohol consumption (bottle/week)

mean(SD) 1.6(1.9) 1.3(1.5) 0.246
Smoking (pack/day)

mean(SD) 0.7(0.5) 0.8(0.7 0.326

SD : Standard Deviation

Table 2. 2-Ethoxyethyl acetate(EEA) exposure concentrations in various operations

. No. of EEA in air(ppm) Cases of exceeded

Operation

workers GM GSD Range TLV (%)
Automobile spray 14 0.63 2.79 0.01~18.9 5(35.7)
Paint mixing and filling 12 0.33 0.84 0.16~1.51 -
Print 21 1.24 0.84 0.60~10.4 2(22.2)
Car repair spray 23 0.80 0.35 0.60~2.20 -
Electronic Painting 5 2.88 1.38 0.01~15.1 2(40.0)
Total 75 0.82 1.45 0.01~18.9 9(12.0)

* 1 P€0.05 by ANOVA test

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

2.88 ppm(0.01~15.1 ppm)2.& 713 ¥}eH 5
Qo] S2AFE =271F2 5ppm(=FH, 1998) °
A& 299 223 FE 2940 %) A9E
AGF 9 AAFYANAME 1.24 ppm, AHFAAHIY
9] ¥E=AL (.8 ppme] £H2 vehyon 7z
459 AYeFYE 22AY FV5 EEASES] ¥
gAY e FARR falF Aolzt AUt

A 24 22X 337 ANA F71F EEA
Fxo 78S 0.82 ppm(0.01~18. 9 ppm)
ol F T2A F 12.0 %(99)7} xEVES X
73t cHTable 2).

279 8% EAA % £348 224 £¥d
Al 8% EAA 10 mg/g creatinine »%¢l <24}
e % 5% & 557%(73.3 %) 2 UH-EE AA
%le 50 me/g creatinine?) ¥ =& & 49
(5.4 %)°lAHTable 3).

273 vxedwzte) 85 EAAS 78 5=

Table 8. Urinary ethoxyacetic acid levels in
exposed group

Urinary EAA No. of o

(mg/g creatinine) Workers %
-99 55 73.3
10.0-49.9 16 21.3
50.0- 4 5.4
Total 75 100.0

g vlag A9 =279 8% EAA BE€ 79T
2.49 mg/g creatinine(0.07~83.93 mg/g creatinine)
o2 Hx&79 (.46 mg/g creatinine B} 5.4w]
ol #A JERer £ #3719 83 EAAQ H#A
olle AR LE 23t Zlol7t UKL,

EF 7 A% AAFA M 2249 8F EAA
9] 718 FEE A} AxYe) FEEY 2=
ZolA A& Y{E 5.76 mg/g creatinine
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(0.20~83.93 mg/g creatintine) &2 714 E5tem o] 8% EAA HFFEA Yol EARCZ Rl
2 ARAE A2 =Y AL, A A ] Aozt AAtH(Table 4).

Al Ztzk 2,78, 2.58 mg/g creatinine® & YENLO. FH EEA =& Z2A9] AW EAA AA o
W AEANAZYe] ERTEATY HJEARTEA @ AEH ugv|§ 42slnal Renwick(1994)

Table 4. Urinary ethoxyacetic acid in exposed group by various operation

Urinary EAA(mg/g creatinine)

Operation No. of workers
GM GSD Range
Exposed group
Automobile spray 14 5.76 2.19 0.20~83.93
Paint mixing and filling 12 0.99* 1.25 0.23~ 7.61
Print 21 2.58 1.70 0.07~41.26
Car repair spray 23 2.35 1.42 0.18~20.90
Electronic painting 5 2.78 2.44 0.42~49.40
subtotal 75 2.49 1.76 0.07~83.9
Non-exposed group 85 0.46** 1.10 0.00~ 5.31

* The difference between automobile workers and paint mixing workers significant(1€0. 05}
** The difference between exposed group and non-exposed group significant(P{0.05)

Table 5. Calculated half-time(h) of renal EAA  Table 7. Correlation coefficient between urinary

excretion ethoxyacetic acid and other independent
. R variables of ethoxyethyl acetate in air,
Half t
Subjects alf times(hrs) dose, total EEA absorption amount in
1 23.1 exposed group
2 21.7 Correlati
3 49.5 Independent variable rretation
4 75.3 Coefficient(r)
5 217 Ethoxyethy! acetate in air(ppm) 0.530**
6 16.5 Dose+ 0.422*
7 16.1 Total absorption amount+ 0.351**
Mean(SD) 32.0(22.2) .
Range 16.1~75.3 - PX0.01
+ ¢ Ethoxyethyl acetate in air(ppm)}Xwork dura-
tion(Yr)

++ : EEA in air x(Dermal absorption rate of EEA
vapor (an/hr) Xbody surface area exposed to
EEA (n¥)+absorption of EEA vapor in lung(%)
X breathing rate( { /min)}

Table 6. Comparison of ethoxyethyl acetate exposure concentration and urinary ethoxyacetic acid

Urinary EAA (m¢/g creatinine)

Ethoxyethyl acetate in air(ppm) No. of workers
GM GSD
-2.49 53 1.38 1.46
2.50-4.99 13 3.91 1.30
5.00- 9 43.58 1.55

* : P€0.05 by ANOVA test
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~ " LogEAA=0.639LogEEA+1.040 (r=0.530, P<0.01}
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Fig. 1. Scatterplot between EAA in urine and
EEA in air

LogEAA=D.2220 ogtotalEEA+0.794 (r=0.351, P<0.005)
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Fig. 2. Scatterplot between EAA in urine and
Total absorption amount

9] 88 md FA S o] 84319,

2 A 8% EAA $E9 wzr)9 ¥HYe
16.1~75.3412to.2 EPITHTable 5).

¥71% EEA ¥EY 2229 9% BAA $%9
7189 d-& Hagd AANAN F71F EEA ¥57)
2.49ppm "M 8% EAA ¥x9 78y 7
2 1.38 mg/g creatinine®I®2} 5 ppm o)A
A= 43.58 me/g creatinine & 713 Eton
371% EEA ¥571 #8548 <249 85 EAA
= ¥4 e (P0.05) (Table 6).

EEAY x2&d 249 o34 8% FAA
FTx9 PEA Lol FAHLE FlF Holr} ¢l

ow, EEA =&T2AY FF% wWE 83
EAA9] HaANE AA] FAHCZ fo§ o]

£ .

EEA9] x=2d Z2AE ez g9 a3
EAA ¥=9 375 EEA ¥%, =3 (F735
EEA ¥EXx24d4), ¥ EEA WEFY, 2%
A, $57859 Al JFENY JRALE 2
AFr 8.5 EAA =9 F71% EEA BE319
ARATrE 0.530(P0.0D) & 7H B3ken gL
8% EAA 529 =230& 0.422(P€0.01), %
EEA A&+ E 0.351(P€0.01) €28 |
Eltow(Table 7) 8% EAARES 3713 EEA,
% EEA AUFTIe] Adzet vedygsay
22& Fig. 1, 2] vepyc},

n #

AP AYH ez B w2E 22
2o} A9 814 H7Hhealth risk assessment) &
et FAEA WP =2 HIE AAs gl
. A fEAY =& Yrlde IF 49
EAdY »&4E&E Hiete BAEYUHY (envi-
ronmental monitoring) & AA| @],

E d7dM EEA9 =271F 5 ppm(:=%%,
1998) 2382 12.0 %ol AxAF9] =43¢
ZM F71% EEA w%9 7154d< 2.88 ppm
(0.01-15.1 ppm) 2.2 7} Ekon HolEA]ze]
it EFAA A 0,33 ppm(0.16-1.51
ppm)2Z 71 W¥9itd Veulemans$(1987b)&
AAZAAAL, AFEAS FFAEY =AY}, 28
at e EAARIAE Udes $71% EEA 5%
€ 53T A% EEA £33 9 25 %2 =& F
(ACGIH, 1998)2 Z¥3lH3 |8 ZAAAtA
1.6-3.0 ppme F7)% EEA FXZ Jehijle] &
23 Hoh & & ZHAXE BRYv). 5% Sakai
5(1993) & AAREFY =ZAJANA FIF
EEA ¥== B3# 1.7 ppm(0.2-4.2 ppm)o)RAS
£ Yehdler Shnlein$(1993)2 Y244k FA
2x 1299 ¥71% EEASEE ¥H# 0.5
ppm(£0.1-3.7 ppm) °|ASS Rud ¥ Aur
the ta B2 PR E By

At o2 F7|15 EEA $E9 E¥E AH43Q
$71-821% EEAS| A2 Aol ube} 3jo]
7} Ak
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Z, AAAF =R AMLE HIEdE
20-30 %9] ethylene glycolo] #F5o] oy =
JEYAdE 10 %75, HAE AR e 2-3 %
2 4o A (NIOSH, 1991) FHYF 713
=25E Pxd ZAojzl o Zk dFe AYTH
ANA 2 Ao Fxd] W& Aolrt A& = Ut

A4 #71% EEA $E& 2249 87 9K
dxel =2AHEE dsht EEAE H¥-E F3A
= EEY Ao de] el EEAS] AA Fd
a2 93 vA 4 dvk(Johanson, 1991).

wEh APA oz EEAY =88 2R 4%
BFE M Ael 48 EEAY F =%
< wigshe AEA RUERoEM 8F EAAE
233l QA A7 Hrke ARRA I
o o] &5z Ur}.

Smallwood(1984)+ EEA9] AEIH mUEY
o224 83 EAASH | AAsitia A3 &
Z EEAS EXvidx Smallwood(1984),
Groesenekens(1986a, 1989) Wi S5o] kot of
o] EAMML ddzze] Bstn Al AmsL
B7] W& 1993 Sakaise] APZFe] dtst
o w2A B4 7Fed wEs Adsied B A
ol & A &3t

B Zdiale] EEA =& TEAA 23 EAA 50
ng/g creatinine °13A7} F 759 F 49(5.4 %)
ojxlew m= ACGIH(1998)e] AENA w27 E
91 100 mg/g creatinine °]dAle WA + YA
t}, 28n k% 2239 8F EAA k9 73}
HES 2.49 mg/g creatinine(0.07-83.93 meg/g
creatinine) 22 H|xZF TEXRUE oF 5.4uj0]
4 B3t

Z 439 AU mE 2EAS 8F EAA
B AR Az EFAY TEACA s
B 5.76 mg/g creatinine2.2 7 %tz #H<l
E Az wjgggAteA 0.99 me/g creatininel
2 7P% vtk

99| 79 Veulemans$(1987a)& &715 EEA
%7} 3.9 ppmQ) AA2AY ARIFIAN ZEE o
Aoax 5o 8% FAA ¥5v BT 105.7 me/g
creatinine®2 JEIEE AAIAR Sdhnleins
(1993)-& YA FA4% 27 HF 2.5 ppm Y24
A 2EAA 2F EAA B2 HT 53.8 mg/ ! 0]

RASE HndRt. E3 sakais(1993) AAR-F
¥ =FARIANA F71% EEA $=7 B 1.7
ppmAEQ AdPAe] x=2EYew olEe 8F
EAA® B¥ 10.7 mg/g creatininee g Jeh} £
ARRTs A 58 8% EAA 58 By,

4 dFe AYFA FAFE 2R 8F
EAA 3E& £ AN e Aolg Yelfn
Ak, olgt 2L ol oM AFF nie}l o]
AL$HE AFE F EEA FAANE &3 F=9 A}
£, AYF olF B4 U ARHE 4%, 19
ZAAF #FHL 235 2 =FAL F9 Hold) 9
g Axler 44t

FU B AN 8F EAA wjddl B3 P&
A wzZ1g A Adn wid wzivly dwsle
16.1~75.3A12t-& B}, o= Veulemans%
(1987a)°] A=Az AHAYANA WzH717F 42
Aol Groesenekens(1988)0] Bt 4243t
9] W7 & 4b&F Aol Hjdle] £ Azprc oiib
A et A8 AfdAN 2F EAA wide
B4, 9895 B 41849 tiAREY w
A71(1.5-4AZN EThs 7 w718 2a 9eS ¢
4 glr}, o]d] thE Veulemans%(1987a)2 #
AFLEeL F71e EAAREE AU6lA EAAS]
%3 F3& vepdcka AAEAG, Aol vm
A 0 BEFA wz71E 71 EAA AA17E AAU
AN B4 9T FENIOR AAFEYH AX
oA o] thFt oAwrdel7} Fodtin gzpEch

A EEA :=2d 2229 8% EAA 3=
o 9L vl aglelzt 4ZEe ¥71F EEA
FEFE Wg 8F EAA F:9 HTEX M=
FeF zol7h R o S5 WE 2F EAA
9] BEEE ol F97 Aolvt it EEA =
% A9 ethanol® F39 ¥ F EEAS HF
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