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Polyneuropathy by Occupational Exposure to Acrylamide
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Authors report a first Korean case of polyneuropathy in an acrylamide producing facto-
ry together with an environmental and epidemiologic survey for the ten workers of the
same workplace and 46 workers in the production and manufacturing acrylamide in
Ulsan, Korea.

The case is 30 years old man who worked in the production of the acrylamide for two
years. In August, 1997, he had a weakness of the lower extremity with loss of body
weight of 15 Kg which progressed to paresthesia of the limbs, the loss of vibration sense,
difficulty in walking, speech disturbance. dysuria, constipation, difficulty in erection and
swallowing difficulty. Neurologic examination showed a complete loss of vibration and
position sense, and loss of deep tendon reflex in all the limbs. There was a contact der-
matitis-like skin lesion on the feet. Electrodiagnostic test showed a generalized polyneu-
ropathy of moderate degree involving motor and sensory component of peripheral and cra-
nial nerves. After 8 months' cessation from exposure and supportive care, his symptoms
were completely resolved, but abnormality in electrodiagnostic test and vibrotactile per-
ception threshold still persisted, although much improved than before.

There were 11 workers in the same workplace of the case, producing acrylamide by
microorganism as a catalyst. Environmental monitoring of the workplace revealed air-
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borne concentration of the acrylamide to be from 0.05 to 0.23 mg/m3 by personal sam-
pling and from 7.65 to 11.65 mg/m3 by area sampling during filter exchanging process,
which far exceeds TLV-TWA of 0.03 mg/m3. However, acrylamide was not detected from
the plasma of the workers.

Symptom questionnaire showed a markedly higher complain of neurologic symptoms,
compared to the workers of the other acrylamide producing companies. Electrodiagnostic
test showed a several workers are in the lower normal range without definite abnormali-
ty. Vibrotactile perception threshold by Vibratron II showed a significantly increased
threshold in the workers of the same workplace compared to the other acrylamide workers
and significantly decreased test score of color vision compared to normal controls. After
improvement of the production process and strict wearing of the protective device. most
workers reported the improvement of clinical symptoms, but vibrotactile perception
threshold was not improved.

These result suggests the need for the effective environmental monitoring together with
a periodic biological monitoring. Development of effective screening test is urgently need-

cd to control and assess the skin absorption of acrylamide.

Key Words
of color vision

MNoB

otz dolu| = 1950dTh -2
A= dakr

o2 FHEACH
T2 A3 AHgEHE A ES
o] WA, Fole] AHF7A), J7gE T2 A
7 E237], dH48A §4, ux AFA, JIA4, o
B3 2719 Mg Tl dal 2dti(nterna-
tional Agency for Research on Cancer, 1994).
offigoln|E Yk = BF7], A%, L/ BLE B
gt A FrErt, ofmdolu=of ot A7 A s
£ F2 934 (monomer) ol o3 7w A7)
A€ 19579 Kuperman©l ol8] A& my® ol%
1977d744] 617 £84 EuHdes (World
Health Organization, 1985) HZd & 2 =
A4 FEE7E sty e 19859 o|% 59 &
¢k 90 o] BauEYov(He %, 1989) FholA
= o4 Bmz) gloh

HAEE olZYolu| =8 A2dhE 3
= ¥ ZEA A TAT had AR 16F A
Hetn 5Y 33 SFAE 9 olmHYem = A
of digted 2 EA At} AN G i @
WAt Algetae] o 298 Zdg i B

18k wtelt},

Tl =58

Acrylamide, Neuropathy, Electrodiagnostic test. Vibrotactile threshold, Test

AT L

1. chet

Ao 25k 14 FHe ol2Holm|= A
A FHH o] FAHAM 2Fshs =22 10% A
(22-51A41, B 30.44)F =AF ez sz v
7o E 22U FdA elaHelmrE gYikal= 1
AN R AR TN NG F ohEdopE
g A, 3 eR Hgste 2%3e 224 461
A (20-534, BT 30.44)E& ddez sy,

2. ATy

7k AABHZAL

A7k BAY AL BT 4 BHabel dlaled
FYEE 4ol APHE T 2AR0] A7 W
& esld 338 FASYT @Y FYA Aol
A 2 g3 datel A& Ao} AA 2g1A) o}
Yolvl=g TP 43 foAU% Z2 AAed e 4
g8,

L. EeiEzE)

el B 54 Alige) B4 3d AgRAss
A oot ERAD. A9BAZHL A

- 389 —



2 g7l 2T AQATS dde R AlREl e
MANE R AR ZHAPES o] 83l FH s
o} AQAEE 22 129 3wt ARdA 68 FHYS
e ALE AREHIE o838k 2Rsrt.
2953 544 oz o5 wdo| Hol o]Fojd
Aoz A Uy agde] e AYA 250
A oF 2FA ot AdAIzbee] A HAl
BE XA A ARe FAZ gAvds
2AAD AFFEZ2(LFS 113D, Gilian,
Caldwell, NJ)& AMg-8kd 0.2 L/ming] #&o=
el <oF 20 LeflA 50 L 3718 AdAT A F
R eo] I FAR E?J"]Zl"] 6AIZE
o4 Hl=F st AZ7kE HEAE TIIRL AY
AREE AHF#ELH7(LFS 113D, Gilian,
Caldwell, NJ)& o|&sld Bdates F3aH
ov fHe Bo (2 L s Alge 48
OSHA Analytical Methods Manual(1979,
Acrylamide 79-06-1)% Rl AREIREH Al
BF oHBLR E3A7) the BFolsl HEv|7t

Bary 7sta~zmzele 289 (GC5890, Hewlett-
Packard, Palo Alto, CA)°lA] EXsgoh(d4d4
5. 1998).

ch, MAAIZ 24
olzdoln| o] M| FF FTE sty S8l
a7t 2y AR 59 ¥4 SEAE gt
2 ¥447 73 cladem =g Attt oF
g olgt TFE 420904 AS] AF (&% 104 30
B, oA 44 30%) ¥9E AHsact. AFE Al
Hi= olo]lxutag o|fsle] YALHE o] F3IU
. AP AR F ¥FT BEYse &R
1 125E AT g FExwola AlgFYZIE AL
235l AATEHEV] (electron captured detec-
tor. ECD)7} ¥24 staaavtE w2 §438
Qe 1 mLe Aol artaE FUSE o
A&2¢A= 0.1 w/LolvHRaymer &, 1994).

2}, HZ=AL

QHEEN

B2} AQSED ) WA 94153 BALA
& 2ARIGT EE B BN AILE 234
o BE ARl Hale] A A 3d2 54

AW % D 40389715 AR

(2) euras 3 s

gzt Aol st} SjAH(EeEt B TP Aw
HEQ]) 1900] e 4 dntd s Ayl g
AZE At vFAde] dilse Ay HF
AEede] AEE st
(3) HE=AL

ich

A ool thete] HEAL Vol ¥, ALY
3% AU e, A9, 93, ARAEe 2

dFEA AG T AGA FEE 1E e A
waAy 25 2 Fddg, 27713, ARdE, &
4 % oladelnErt 9 AHo] glEA], olAHe M=
g drht A FFeteA T A 2AgE, B4
AEA FLE o|FolY HEZALE "1336}%5} =
AAEA & olAgon =] o3 & F Ue %
FE AWEAH3 BE), $FANAAFTR5 au;-), 2t
SMABAZTA6 ), HNA S X TRATA
2407 95 2 RS2 85 T F 33 ¥
o2 Wo] (d)-{ol] )2 SgeiA st =&
M7AFAZAe) AHAALR dE] ole FAAHEA
9 Ql6E &2 WHstd FAd At
(Hogstedt 5. 1984: Lundberg %, 1997). 4%
A= g2 FAA Z2198A S 8AE el F
gro] 9= F-E& QA7 A ARk Bkt

(4) MR HAl

e dgAe il Agostm Ao 19le

AAGA ARE Agetn I dne pRskE A
A0 AZaHt AAYE AFL F4, X7
7t ol E-5E ¥ A3z (graphesthesia) T
FANAAA, oY, T4E GEE ZAEEn 4
BAwAE AER| ¢l AAreich B dALR
wpl A7) AFE HARIHR Ax7EE @
Erle-E7re A, EtE-z AN Aded A
2 AgEukE-g AlgsiHet. LAl o5 E
?l?'f}ﬂ Aate] durzQl Re)ideiel Tandem gait

& 7AxE9 T Romberg testE A8t 1 9
J A= 9 A 4 e A% 3 AFE
71 &3t

(5) H7|RICetE ZAL

24 2 29 44 22 € B4 34 594
foll et Fx) 9 gl SRR 2 FHIH
of R AAAEHA 2 ATATHALE AR
2 grb AlgElgnt. A 717l Quantum

—

— 390 —



84(Cadwell Laboratories Inc., Kennewick,
WA)E AH83iith. &847 AxgdAe A9
BEAAT A Y HFNZNN TAAFTE A48
o A, AEZE AwE&T 9 F-v FAE FFe
I A Aedibe O 3N 3 4
472 #4A 3 (ring electrode) & Al&sled, 3}
AolMe ZAUEAZ 9 uBNAE FUASE
ol-gsle] A%A WY (antidromic method) o2
2k AR AFAARFAAY A ¢ AERE &
et AZAEFAE E=3H A4 F (monopo-
lar needle electrode) & AMEsted x| 2 3}=d
A v]A 4 A2 9 (abnormal spontaneous
activity, ASA), &% @9 (motor unit
action potential, MUAP) @ S (recruit-
ment pattern, RP)S& #aetgnt. AR e &
¥ ZHL o)FUIE, dYFaMEe dFxgA
, BRI e R 28U WEHuIa 49
5259 EER2 20 FPstAnt. AAR] Al
LEE 25CR, AR2EE 30T o|4R fAEY
1 84 B 71E AAHYe] Ue A EF A
A st

(6) ZSZZAxIZAL

g7 Re] &3S st 7 da] A4
+ Vibratron [I(Physitemp Instruments Inc.,
Clifton, NJ)& A&t o 71%+= A, B F
Ao AeAE 7Md 2EI 37 (controller) &
o] FolA Sl FAEFY Axe £YEF|E &9
dEH oz 2HY F YEF Ho . A%y 74
X AE9 (vibration unit, VU)E WehiEd)
0 - 20 VU AlolellA tA1g side] FAI=e £}
ERA AR} dEgRos AERLE 24T
dek. drE o AHEE JELE w(A) ks
A=1/2 VU2 ez A8 4 9ok, Mgt
AMues A%2 120 Hz2 135 9o

AAe HEE Al &9lo] FHL 288 Wl
AUlew 25 ¢ oS fAlEEE 3 el Y
o AL AgalEnh. A4 2 F2 AAET
g 2 gRdtEelM % 24890} Vibratron I
g AHgste] AERAYRE EFde Wi 27
forced choice method2} method of limits method
9] = 7147} et £ AFM= method of lim-
its(MOL) ¥32]&g A4k (Gerrsl Letz,

8.
T

<%l

1988). &, AARILAL sl 438 ¥ AEA- 9
&£go] A2 & Fro] At gFeEHg AT
Ael2 T ohe Al 9A}t FE8 w2 5 3
v 7= %S Fun Uzixe dAE EIE o
A A dA48 £2(0.4 - 0.8 VU/se0) & A&
Hog o] BPA} A5E w2 & ok &
e Al AFAEE 71S90(EEE 9a)). e
2 o] AFHERT FEI] @R melA Alzksl
AFREES dfdoz AT 2 oA YA
7} A& LA Az Al3e] AEREE 7)Es
i o|E Ak GRE et 3 Fxjof isle] S
2 AFel 53] slaF g9} 48]0 e JAg 4
o] & 93le] A & 7} w& FAlG MY 2 A
& vigln yui] 73)g) HEAE AT ey AF3t
ZA X2 B HStokes 5, 1995). AEA=e T &
Az 23=ed 1945 0588 6.5 VUZA], 294
= 6.5%¥ 20.0 VUZIAY 25E WEd 5 o
of S tisld AL A 194 2 2ebAle] Ho
X o} AAAE 7153 ARXNE 23}

of, AtRXA2 W A Sy

38 A8= AN F SPSS/Wine.2 4
HARY. T v BFAY vme FTLEEE
e AMARZ9 A% Student's t-EA LS, HEs)
A AFEEe tIE EXE sle ASAExHA}
A Mann-Whitney U test® ARgEale] A3
sHn B89 vue 7oA dE Y 2 Fisherd)
AHEEHS old3td AARP o FUdAAg
Al7]ef wE FARRle] ¥sh= AN uE 9§ -7
A& AH&sle] vlmalgol, AERe] Wy 489S
2437 913t Cronbach’ s alpha® F8Hth.

ol B
1. e o el

gl 304 G2 19973 82 RE £3 o)
A2 EA Fzie] "ozl o] gliF e ol
F4e AL TL& P e A v 2XE
3l USict olejA we] zito] E&lA|HA go
"ol AdE 27 FEn I ALl FAY:s
7447t Solmth. AxtE wike Ax FSolzien
A% o229} g7 17193t 18 Kgol AZ24art 9l

— 391 —



At} 19979 99 A4 FA Ao vt Wy ¢
Wy R el AAow do] 2te] of3le} tiio] &
A& Wle el YEHD A3 Befo] Bt
AT & 9 e xF B9 dyst dEsn
yRatalyt He d@ade] 1995W 2HHRLE Qloj gttt
A 49 19 A= Ao 2 katel gakg
gz 1597 9% Fol UMy APGE dA] £
@g 3 FAte] SHHo]l Al Y FAdA AF
=7ttt

#A Ay 2w, ¥y,
5 Soldt WEe gldlen &2 9 2-33), AF 1
B, s 14 1008 F=E 1098 95
UsdTh. B 19914 6¥ B FAbd] gAkEle o}
AYRYEZ S st FHA FsAd
19959 THRE ofAHelM=E AEsH= FA A
=5t g}, $x= 8 R 193 FA ad
A2 1Y 8A A & @l Ed oladety
=E A3 J&sh= 713 8494 column A,
%Eﬂxﬂﬂ ANEFAGEA AL, @3 A2AF 2 A

F 23 SolNen olzmdelv =g AR gt
= HEjwd 5o YA 22, 2N, 9
2 EeE Go R rE AAs LR %%
3 538 457t B B gdo] 2nE 4 e
HAGHR siSer pEold ¢gHstE uRAgzta
A8 Al Agske A7t A o] FA L 1995
W OTHRE ERAES AR 19959 12458 24
iR ey 7HE F HEd AgdREe & 9
o] AR Sx 9 oynuky] H4E FEAO

2 A3sdo g
2. gEga~A

N7 LA AMRY A5FT, fXZH
223 TR #AE "eld silout T,
L7tz g 27 Ay SAEA gttt ARl g
<Y FAelgl ot AR AN AaR| o)A AE
VERR] @it g siles) AF § v
WAL 272 ERGR] gsht}. EvtE-Eier Al
&tE-2 AY R TR AE § YREFF
A7t AR ot ko] viEA R Aito]
2t} Romberg tests Adolitt.

HERE gAY G L5 kg A9
TAE FHkg vlAgh Wyt w5 wwo] gloj wE

A", Ay

4 AENRGo] s,
3. AL

iy FAd WElTe Tl wAY o
7t #E&=EYeyd CPK ¥ CK isoenzyme,
SGOT, LDH % 2&%&4, wi5dAHAL 4d
71582k} Vitamin B12, g4 2% #4ol9d
. AdEE R-R AL 236 2% 34 27

ol FH XAFY, FAF % H A FHA
ME Hol &xde] gifitt.

9 8F 3 AR A5 A
% 10.6 VU, & 12.2 VUe|dx Al &= 74
724 AEE A AR sA] Zao, W 165
Folle Al 25 1.8 VU, && 2.7 VU, 8 &
= 3.6 VU, #&& 3.3 VUR ¥dx5] zd¥ov
0F Folle A 3 4.5 VU, &3 6.5 VU,
A $& 19.2 VU, &3 19.4 VUR A o3
HAL 325 Folle 44X 2% 4.8 VU, #5 4.8
VU, 8 & 10.3 VU, #& 16.3 VUR 943t
ZAEAH

ANAGEAE AR FE AR, dx) ¢ g
Sl AYsAY. & FF, HF, vF AT
27X AR FEAAASHAY 49 e
BT 34 Hd FIs 238 BRov 45 %
47 9 ¥R EFIPEAY WVEo] fa
5ol AT HE u|FNAe) 2FNAAELEE]
At s AUt ¥ AFNAY H& FF
273 F-zhe] A7} 2 A Ue W&

947 ¢

l\D

HET = uBFAAAE Pz §ubsla] gl
o ARANAARAANY A FEAATH HE
729 ZRAABERSY 2AZo) BT Faslo] YN

o1} 99 ZAAE 34 Wee il anogoen
AAel BALFNAH sAe) BAuFAA 2 v
BAANNE FAlst A2 25 B4 Wl ke
ek, AZTATHA £24 AAle] 298 2
LR 254 AtHez wiHd AL #
Feged ol £ 5o 4X 49% 25
dlx @A e AAR oz AFA]7re] 1 ThAMA
EELAETAA dehtn TG0l s
Ao & g AeHIAME vggadel #F
Ak oY 24 aAst WAL A
% EBNAY BE I ¥ 2aeyye

— 392 —



7t o
67— FRE Fas] veged & 103 FREH
2p7he] 15@01 HEE 7] ARl

Fol olzr7 A%z
a4 ago] sHe WA, BA a]—x1e1 &Mz,
Y Aelrs e AR s
Qen) i 187 Fhx A2ATAe] v A
A9 HAB 2ot FA S 49T 2L A
& gaAsglon g 2ANAREH e A el
A Al AR

L‘l)‘
H‘L
oA
2o
:.._;E. L)

>
o
>
ofd o
ok
A
e
tor ol

n
£
JpH
[
ol
)
—
)
2
o
uu
b
s
[u
o
-
>
114
i
=]

=
e
oL
L,
2
2

ol & a8 4
32 5 G709 2H A

l
/‘] 325 kA ”‘6]—/-] _?_]l“l_oﬂ)\ __i;)\_}_
2

>

o

L
.2
o3

o b
i

rlo

b

r
Lol R g Jo !

do ofy FIOT ok o ¢

or

i
T

b
2,

>

32 e
o

I -
-~

ol 7
ox |
Er

12
l% )
;Ta

Tt ofte) TAE RGOy
H]g- opati]o] gllch,

=

(N
Gk TRg SAke 246 sk Qi
Yrem N A 26%0) 2rAT e 3
A% e AGFOR F PUFL olnFREY
PN 10954 THARE olAZelnng ez
Bros AL 29E A A 10960 1
YrH besiart. 19964 49 3 SAg
mﬂm] chlshe 59 £Vt wasel dua
) $4 YL st
ohAHol| Ry SlTYTUELRRE 20 o
Foled Tt e BreS AR o,

szL'

3 .-hﬁJ _I.'C{_'. _Zl

CH,CHCN + 1,0 ——--#= CH,CHCONH,
QEREIR]L! olagoh|=

o ARG E F
SRCES owm 2

“IL—F'-'- f‘Ji’%H ‘“Ltﬂ o= HlA &S w el
oA HAE Fulg olfdte Aoz
ujek 9 Fe) Ehhg gl 3o 33 5 A2A
712 oz FAAEHFig. 1).

13] A4k F7)= & 459 AR APt Yak
aho] Z718k 1997 6-89 Alolol= F 2-3 &) &
T Abstled Sdd T4 de o] 7ite]
e THY wEEUY. -ﬂ-?i% 47 3w 8rIgt
TR ey HElaal wAldlE 3R JadlE &5
o glen 13 A4k FA o] FB o Hrjna
HAtE olAoln| =yt QAR E FEE W] wA]
T AL FE o THFAvF 9slar Yun-
£ BE gt AL Ak F A
Moz MY AR AFsta AEdelA] vy
% o] &te] ¥l WIS £=E FAHG

Aq3A A7 wiTs T dHFH R o)F
o)A gle] Fte] fANA olAHeln|ze] &
B shaAde WX ore Ao e ot dAEl
WA TRE "y wdkdt o] "e)r) AatEo
e A7 Axzp]] 9l A4=ga yJael F3lalgel

e o)A olo] Lo xlz g 7].:./& o] e 4
dez grisignt, 53 F 18 Ax e TRE
e 2@ 2R AAAYL BY YrL L 3
ol A4 F 578 9 AFEE e ¥ R
o G E AFste 74011'% AGA] gl whe}
EFEST W MyE B3E 2547, 154
3 5o NEE Hesdo} Al DeAE s
7 REF ALE ARzEgein o Aol FR

Ao o] o]FelAng HEE i dF 7=
Zre] S0 zﬂc]; XA A% orere Aom 2AE
11 e A= 1996\ 19970 Zzt 2

‘,Jan ol 2@ =3 obd) &R

]"131 < 2AR[AE R —017}1\1
1= nRAle Ao bl o] 3 oA
}%9-1 ol ol =d] xE" 7}kAo)
Y. AT EFA AYalzr 44

.o F.U
ok e

i



— &6t

Fig. 1. Process of acrylamide production by biological catalyst method.
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Table 1. Airborne concentration of acrylamide in the workplace by work shift

Work shift Point measured Time measured(min) Airborne concentration(mg/m*)
Morning Worker 1 122 ND
Worker 2 120 ND
Areal 274 ND
Afternocon Worker 3 104 ND
Worker 4 305 0.045
Area 2 268 7.650
Night, Worker 5 180 0.182
Worker 6 180 0.230
Area 3 213 11.650
ND: not detected '
TLV-TWA: 0.03 mg/m?
Table 2. Mean number of symptoms complained Aol gk & ST 4rE HF 6212 G& 24

among acrylamide-exposed workers

Factory A Other factories

(n=10) (n=46)
Neurologic symptoms*®  10.0+7.9 2.7£2.6
Q16** 6. 2+5 9 2 0+2 4

*: p<0.01 by Mann-Whitney U test, comparison
between two groups
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Table 3. Result of nerve conduction study among
acrylamide-exposed workers.

Factory A Other factories

(n=10) (n=28)
Motor  amplitude 1 10.0 2 4.3
latency 0 0.0 2 4.3
mCV 0 0.0 1 2.2
F-wave 1 10.0 3 6.5
Total 2 20.0 5 10.9
Sensory amplitude 1 10.0 1 2.2
latency 1 10.0 2 43
Total 2 20.0 3 6.5

(5) TSLLAx|HAL Hot

AFZARA = AAE7ISe] AL 22 25 F
FE A7 g ZoA B gxp) de 34 2
245 OE 3 224 HEe f48A &
& AXE EYrHTable 5). F& ¥ Z3 T2
22 Gy ENY gH e Aoly FrddM 2E #
A ¢ gk

AR ErHeM AR SRl AFHLEAE A}
7b B 3G 2EAELE U8 T TEAS ¥
3l FelEl B8 9AE BT FE 2 2
2] GA] Aol7} F2 22| = £ ¥dl o o}

3. FN=AL dn}

E A A 8 2AL F 3 AieA
AT BEe] wAE HAS T Y F FH 2
& ANE A diF R FRANN S8 A8 &
Aot My AdEE A 2 Asdadxgal
AL g 58E #HRY 4 gUAHTable 6).

Table 4. Result of needle electromyography among acrylamide-exposed workers.

Factory A(n=10)

Other factories(n=28)

Number Number
Abnormal spontaneous activity* (10.0) 0 (0.0)
Polyphasic motor unit potential ( 0.0) 0 0.0)
Reduced recruitment pattern (0.0) 1 (3.6)

*: p € 0.05 by Fisher s exact test

Table 5. Mean vibration perception threshold among acrylamide-exposed workers.

(Mean=8D, Unit: Vibration unit)

Site Factory A Other factories
(n=10) (n=46)
Index finger  dominant hand**" 1.94+0.40 1.47+0.46
non-dominant hand*" 2.02+0.62 1.49+0.51
Great toe dominant foot*” 4.00+1.00*" 3.36+1.59*
non—dominant foot 3.31+0.61 3.656+1.93

X IV 3V

and Other factories

p € 0.01, p {0.05 by Mann-Whitney U test. comparison between Factory A

*: p ( 0.05 by paired T-test, comparison between dominant and non-dominant feet

within group
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Table 6. Follow-up findings of the workers exposed to acrylamide.

(n=10)

Date of examination

Aug 1997 Jan 1998

Number of symptoms  Specific questionnaire** 11.4+8.7 5.2+6.2

complained Q16 6.5+5.7 5.0+4.9
Vibratron II

Index finger dominant side 1.9+0.4 2.2+0.3

non-dominant side 1.9+0.6 2.0+0.4

Big toe dominant side 3.9x1.0 4.5%20

non-dominant side 3.2+0.6 4.2+0.9

**: p < 0.01 by paired t-test

b

al

olagelulus WMol ARAZ Aol e
off 2V Ed 2 E] HAgeh Fo wjf- 2 Ho
o &A F otE, dtE o= & sgd. F7%
o] wol F7] F vt F2 ot 4qe] v
Bl R o] TR Folgt gloul WAlrt glo] HE
< AE] g8 Il dolvt FujE 718
AA Furgo] dolt B2 niEA HFES
BAsked detRer F¥AAE 0.05 - 5.0%
zo] @FH 7t Fhsle] UrkWorld Health Orga-
nization, 1985). Y& skrdt WS As) A}

3 WAd] EFE ofaYoln= “’f%‘*ﬂ% B
< 29A1A ¢ 7HE SHe] BEF $EE Aol vt
(Igisu &, 1975).

ool = EF7|MY op 437 2 o

g M= 44 FEr. §¢d olaYein =
€ M el gXHW dhiz FIITh AN 2
FEFA & conjugation® decarboxylation #4-&
AA 1A ol EAz diAlEH LM WA
5= AME % mercapturic acid?t oF 45%=2 7t
B Be BES AR P ol o =9t AES

SHAR LR Z A2 2 3 JRIEVA F
AW ojglez zF AF ® AAVdE &FHHol
geiA gict. olFdelnine F2 AR Fatad )
AHv dEE BES Bl jddd. F58 o2
Yolr|=o] 389 28 W7 AR A2 o)
e AIZE o] wid€nt, duat st 83 o
Az 2HE oladesr 10¥ 322 o

71 vizk7) g 7B (World Health Organization,
1985).

oo =L 2AFAS 71 54 BRR of2
Yolu| 2ol o3t ARESE 2o o H2 W 3
o] Fhaae ARAC Agehs AdARE o
E T Ut ZaAT o HeEe i £
AR A viRate] 4 alie] JMAg £5 Fugl
. 2RNAA ulA e 2 A 027, &Y,
71938, oA HE Folut 43 FFAdE con-
fusion, A'g¥ 44, &8z Fo| o= gt
truncal ataxia’} 3oz vehtsd 7ol
e A9 slurred speechE FHIE7 %
gl ol Mot e 8 f[EE= Lot}
(Auld®} Bedwell, 1967: Garland ¥, 1967: He
%, 1989: Myers %. 1991; Bachmann %,
1992).

B2AAZAN = HEFY R FAAFH &

A F d Fo] EHEEEE AR &Y A

Fa7re] &, OE AR A4, A 4987
o5& 4% 59 €M7 APt FE FHAo| F
ARG Rl £4o] Ateh. A&AAA A= 3}‘4
g dg, ZayEd &, v 2 i o 59
FAo] vepdt. 2271 $Xd ¥ gy &Y
A\ 3 Eo] FAYNA Fide] HH dojrb= B¢
= 9

olagelnee AlgdXE ol wgAe Wt
Bz glav #oja AT Fe B F9A &

2 42 fEsH g Z2¥A @R340uE §0E)
£ Aeg Bage] 19949 I gA P e wet
¥4 274 2B(possibly carcinogenic to hu-

1 o
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mans) oA 2A(probably carcinogenic to hu-
mans) 2 AT FEH Ak (International Agency
for Research on Cancer, 1994).

ofAYolu| 2o} I T} AR F shiE oEA
#3ME9 glycidamide?t 2=t o] Ezo] A4l7)
=24, AFE4, A0 & QA Ho| B fdsle
ASE gdejd glon} o= QA3 ZPREe o3 B
1A 2skek(Dearfield 5, 1995). Glycidamide
= olRgop| =8} tiatst AU W17 vl fA
gt IR FriEE A4 B oh it
BgE Agshe 53& 7Kz drHCalleman
%, 1990: Bergmark &, 1991: Costa 5, 1992).

2 Hue FUeda H2Z ¥ag olmgelu=
o ot AZHH Alefleic}, Balrt AT AGA
3 8 2EAE B AshEa D AdBA A
7F Zo] o|Folx Q1A FNWwL olfz} FF o
S-S go] FHE £ silew sl 43
FHog Bt oW A AFY & AT
FollA ojejr} gltkm sAYk. IFulelld ol Zeln|
=g AAEe FAE 230 3t o 2Ald
Me T R E57 TEREAeH olAdeng ¢
B2 HFee T ZEAR £ A I
A ZApsGAT

THAYe] vug Z3 B o) 59 A F=E A
AT ARG A] o] Fo)2H 7o) Agatat g uk
0] BYUE oA Zo] o]0l = Ap7t Bol
terel @zl st Qo (He &, 1989:
Calleman %, 1994). ¥ ZAE §dlo HEF 2
el oimdeln: AzFELe 8T HAFH 3ol
A o] oA 0] ApFatE o] glo] AA FRA} ol
Holml=g A3 HIshe 4t 24 gt =
& olidelu| =g HFske ARANME A A
He] ojadelv| =g HFde XL 42¥oE By
A #Adste 14 ARl Baleigon] dige
2 #Agsete UviA 37 AR 25 Ao 98
£ FFsns 98 FYA Al £ 4384 #F
zpo] Rze] Fo] 3y ERo] golojatn kel
th vyt 7 S AR RS FHE A
g3l olAYeln|=& Aatete A FH A
A3 AF AIE Fol v|Ee FAl vgle mj ¢ 2
A F AA L £ AF Ea 2 RF a2,
AR, Am 45 € HAA T2 de 3N

HE 2 3FNE T F571 givin g4,

olAdom|Ee B S WY 3 AFE 5
g Fr7h Bdsich A B Y E AF s
Hevl FAUA A ez 9 oA}
Tz §AE FEE T gu S4EQA AFFAo)
37 gornz AJAAY AR F&7h AW Fa
83 FES (AP FUNE BT F5E I
ghol 1) A govt 899 v ez &
71E& B8 . ofZdolrirel 7] F ¥HE
E5+= 0.03 mg/m3eg o= F4d vl =) %
®e Holug vad e FRIAME FA7} 2
F drh
ofgHolul o] X2 Prlo] glojr] F7] F F=
ARE B3 F4E P AL F5HS
B3] ki) Jemz API[EH T v B
E 2UEIgo] Hadit). ofZPolu|z=o] A
B3 AERE A7 F2 AEHT el 8
& olAoE Frv AN FHAF3d dA
717 #emz &3 1 AL ellly] 2ur|zie)
Eg2vke yrddity, 25 tAMEQ] mercapturic
acide =% F TA|7HRE 242130 2R g
dtdshd olzdaYEE F ke Ed gAaEd
FYsnE olmd U EYE FA ) AHEee &Y
Ao M= ofZdoln = X2 FEsHA Yy
e FA] A7 HY 22 WwdsiA] &3t
= @o] i (Wu %, 1993). =3 F &g =3
& AsliMEe 24743 2RE AAF ol ) olm
Holm =7} Ay o] B4 A Fuaag
RBMEL Y7 £ 22 1209 Fxe 2 W
2718 7R BE 1Yt HR ola™olu =g
FRAEZ2FE FHYste MY 23 HCosta 5,
1992). Calleman $(1994)& ojmdojm|=d] Z
28 2EAEY AR EE drI28 BB
LY MY T 4BBA(R=0.67, p  0.001)3
He] g% ojmdoelwi= 2 23 mercapturic
acidell ®jste) AA=HE /M A vepdtin #9
ot a2y eyl B Ed g3 dabs o
FellA AlE ul flo EAapge] of g ¥t
dAA o2 Atgsted e Tzt sl

2 APy E 83 T f8 olmdotrutd ¥
Mot BE Al FEFA vTeli, o
£ oA 27§96 24 Aol AU Al A&
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o7 AL AT AE oA Fele T
oA ofAdoelnur} A AZHA Utxn Sl@
9 olIRate] Afdx EHOE AJAlRG
MRAA &7} Aol o]yt B FRo] 2R]Ae]
37 F Fe WS ghoy Az dgEe=
Ao A 2ol dEtgjonzs A Z2gke A
Haes Uokm w3 @xb w4 I Moz Azt
T APol7] Wi ZAgAEe] Mz AHHE BE

& Ffralglel AAaA ZET AdeelA A
7] W&ol AA AW FrHe] HEFHA nger
g Aow 3.

T o7} o] A3 w2 TR olmdely|
Td 22A 5] ERdx Bvdly o 5 A
7] AJ/AFZH AN otz olul=rt mid &2 JE
ks 01%3& A el 544 7|08 ez B

A IR olFdeE X2 FE Q9
7— T FR7)9) of7t TR-ZeIA Bol dolvte

. HPEE SAL 3 AYAA o] RefA]7)
E]]—“\v:Oﬂ AEo] A &d Ao FAL)

AAEA 5 olRBopE FRHWYPL 0T Y
A B A (Occupational Safety and Health
Administration, OSHA)2 Analytical Me-
thods Manual(1979, Acrylamide 79-06-1)&
A Algetdr)t. OSHA AMMeIMNE 437
o] A4E 13 mm f-2ldH GBS AMHESe EF
stm A4 H#&7] (nitrogen/phosphorus detec-
tor. NPD)& Al-&dts Aoz =Hoj i, # AF

dre Alad#A]l feldAdy o4 Sdeds
ol gatRor g ofHES AHEIIGIL HE
' BE0)2384%7] (flame ionization detector,
FID)& A-&38t9ct. ofadeln|o: Ayl 28
YA 25 72 leng 44 e 4d
£ 73 ol EAE, REdf ARk Sl
Z FAHng fds o gARS Abgshde
= 4 o Aol A4 Yupn BT o3y
ofaPolnl o] galA] Alg $£4o] ¢odr] 49
DE AL AAe XA @A ARG 23 L)
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F3A o} Gargul 2 ARSI THAAE N 5, 1998).
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Zo] 9l 2t urodynamic study 54 AALE B
3 dF3A = X3t

gl A7y AL ol ol so) 9t
G244 Ne] dutA gt dX 3= (Fuller-
ton, 1969) &A% 27AE BHech #a9
ol SAlol A Algstd L stxe] F4te]l o 4%
So= Betn AAARHAME AR A= 7
44 59 AT EIoy 4N e 2F%
FAle 5 AR 2A4E B B4 244
He) A% ditdez dAder o x|z AR
2o}, 9927 SREY o A3 ee A
(Dumitru, 1995)% Ztd o) £ SejldA 3kxjg]
ANRARAZEGAL &10] o] }& HolA] gty HL &
o]t hHoz HRE ol 9 olmHM =
Z27F TR opel &5 BR AR HEFA
9E Ze] AW Zo| § 29le] & & gl Aoy
Holgh, a3y AZAE 2L AR REdA
HEE o] gAdE BYon 3ol A=Al v
gt o &3 RAR F4e AP} v Fg
S EYT

e L 3 AARAGA e I 27 1
3 AgEot FET AA2AE 4r] Félo] o
24 4&3-& 44 Rsioh

o 8N FARAA T BFstn A7)3
A HAaAH DFELAGA YA LA gt
3ES BolA sttt HE M= Ygidsidol
7V d5gn JFFAG4AHALY] 3Ee] JowA
A7IAGA Artrzde] M £ P Bivh
49 BB oxe ARAAAY 3 He] 4wl
3 A=A EA e Mg A £57 2R 674
45 E o}FY A4S 4K gdn 44
AE % o} FA Aol gIUT). AZ|ANTFEE A
AME HEe eMe HAA, PR e AR, &4
o) 2958, 24X %9 oAHRE FEHIL
2o 4ffe ol HZAINEY AA AL
Holx| gpsirl, 2 ofetd 6/0€E o4 w712
webd Aol AFHD sdzt) A3 g E"Hus
23(Fullerton, 1969)7F sle.mg &% A%<
FRFE] Byslr}

ezt BT AGAE Tl ofAYoln=E
AzsAY FHFde 284 Sd4 AR 7

.
& 4 e AR gigith dwtAes @44

o g

T A fstd AMgshe A8 A 22
oluf MZIATEE HAF &HAL B dFM e £
2] zlolo] mWE PFte] AolF HAFA] EEQ
ot B9 FHFA 2AME A sty HAt
T A% SR BPsla 49y Aave] o)A
£ Bgom q4Ede SBex Bydtun A
@A FaaA L A o) &do] A&EH] Iy
24 g Z29) A 2HF0]l 32 4 F U
t}. wala olgdolu|=o] Z2EE ZEAld Ugt
BEAZAPF 271EAS HalM= aEHl My
Arte] Ade] AAEE & 4 Uk

ofAYoln|me] 23 w2ARFWZo APHALZ
AFAARA2HGA de] ARgET gk 2
5 AFEAE Ao L F2ABE R 98 A
€59 (Steiness, 1957) ol dolu=of o3 WX
A7de] 27198 e Q4R @A wRAsk=
o $3HBove &, 1989). ©] Ay 577t
Aatg Agdez 538 F dov AXNdgs
AAtel H|ste] 7hdElm AAllEe] A e
877 AR 2 g B ol APAME 4
A M@ ¢ glom ZHAle] ARxs) Fol AEH
AR ARG A 2348 Zea dva B
T}, Calleman $(1994)2 =9 ojadejnj= Z
2 22A5 dig a7 Vibratron IIE A&
# FHAEE(R=0.81. pC0.001)x A1 27
(R=0.69, p£0.001)8} AFAARAX= AAEAA
i} 7 F2 AEUAE Bvn ik, 2 4
TFAME FRAAXN AL 26 wE T #3¢
9] zpolE WEHA RHolZ 8 ol M7AwEA
AAL Hl8le kg Eo] wow M BEA F
Aol Al7E Al A7|ATEA Al vl dle] o
Fol A =M FE49S HAY £ gl

AFHLGAE Aalske e o ARz 9
oy dutde g AlgsHe X9 B¢ FEFHol:
ArtAle] wE Ae)7} E Mohjzh wzle] A
T W=7 dude s dojxn AlReEr)e &
Hgsliths 23E 7R n Utk (Steiness, 1957).
AFRAGAS AFFor 233 sl o
JHEA 71717} s e g AgHe dege
Biothesiometer, Optacon, Vibrometer,
Vibratometer, Multirod, Vibratron II 5°] ¢l
th(Mergler %, 1995). o|& 2 ¢o]a ALg3t
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Vibratron II€ n-hexane. %3784, orga-
nophosphates pesticide 5 AZAEHEL] E
B 494 22Ae Al 5oz s g
20|31 31e™(Bove 5, 1989; Bachmann %,
1992: Deng &, 1993: McDonnell 5. 1994;
Stokes &, 1995) 77t ddtn S WEe] b
98 9 ASizrt 9381tk (Ohnishi &, 1994).
E3] olzaigoeln| ] o AW A 9 A
ZFAd W& 88 HAleltHMaurissen ¥,
1990: Bachmann, 1992: Deng %, 1993:. Cal-
leman &, 1994). IRdlHe EE2AE7E A
3t AFAAE ZA% Kzl gleu(elHy T,
1993) ExAE7+ 250 He o3ty ForE @ F
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o] A=E dfdoz 2AY £ glon HEYY
5 d8 7ix] 2] EEE Hel A Zeol Hut
EESHE AAPH S ARgo] vighAsitin A2t
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o S ARRe] 3 = deng fYdiun B
R AHGerr} Letz, 1988). ¥ Q79 Az
& HluA @&FFEe] & ¥ olve At 4%
34 Ao g gL Aala} HYE gkl sl
A3 Ho|2Z method of limit U4nAES 24
ghed 2 247 vk Btk Z; Al glof
Ae) HapAe] Wolel FEE AAAZL WHEFE
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of gloiA obf Ifelln 7lRoR & 4 Slv B
FuAzl A=A ehgteoa &F A4S e
2 % 8 At destvn A7gc)

ol MPAALZ FA4F MR AMAHAL Fo
Wol gl F4de] AR F o £ Aol B
fom WA digel xol AAFAY] S22 e
H 7FsAde] %82 AARIET 94 34 gz

o] v nE B3 F¥xe) A2we HYe| Wast
ok AZpAAL B RRAAWE )Rl R
Arte] AMEE EF pse]of & Aot}
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Frolslodot Fei(igisu 5, 1975).
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