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— Abstract —

Effect of Chronic exposure to Low-Levels of n-Hexane on Peripheral
Nervous System A

Hyunju Kim, Young-Jae Park*, Soo-jin Lee, Jaechul Song**,
Eun-Cheol Jang, Kyung-Young Lee***, Sanghyo Shim***, Si-Bog Park*

Department of Occupational and Environmental Medicine, Hanyang University Medical Center,
Department of rehabilitation Medicine®, and Department of Preventive medicine*®,
College of Medicine, Hanyang University,

Occupational Health Center, Hanyang University Medical Center***

Objectives : The effect of chronic exposure to low levels of n-hexane on peripheral ner-
vous system and the relationship between duration of employment and impairment of
peripheral nervous system was studied.

Methods : In 21 workers at two shoe - maker factories and 21 unexposed controls,
measurement of exposure of solvents, symptom Questionnaire, physical examination and
electrophysiological study were conducted.

Results : Mean ages of study subjects in the exposed and the unexposed were 39.9 and
40.1 years old. Mean durations of employment were 15.1 and 10.0 years, respectively.
Mean concentraions of urinary 2,5-HD were 2.23 mg/g creatinine, 0.23 mg/g creatinine,
respectively. Mean concentration of solvents in air were 21.1 ppm of n-hexane, 72.2 ppm
of toluene and 0.5 ppm of MEK.

There were no differences in the prevalence of subjective symptoms and abnormal neu-
rological signs between the exposed and the unexposed. But vibration extinction
time(VAT) of the exposed(8.8 second) was shorter than that of the unexposed(11.9 sec-
ond)(p < 0.05), Mean values of electrophysiological studies(EPS) of the two groups were
within normal limit. However, mean conduction velocity of median motor nerve and
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median F wave(MMNCV and MFCV), mean amplitude of median sensory action poten-
tial(MSAP) were decreased in the exposed(p{0.05). Moreover, the rate of abnormal find-
ing more than one in sensory nerves was increased in the exposed than those in the unex-
posed(p<0.05). Correlation coefficients between duration of employment and mean conduc-
tion velocity of median sensory nerve (MSNCV) and between duration of employment and

MFCV were -0.57, -0.43, respectively(p{0.05).

Conclusions : These results showed that chronic (mean 15 years) low level(mean 23
ppm) exposure to n-hexane cause subclinical impairment of peripheral nervous system.
These results also suggest that the longer duration of employment, the shorter values of

EPS and VAT.

Key Words : n-hexane, Peripheral neuropathy, Chronic low-level exposure
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=24 iHn-hexane)& A4E @314 (aliphat-
ic hydrocarbons)dl| &3hs f714A2 A4, 4
A, A8-7e &, 42 T Az §A = By
s AHgE3 gith. vl NIOSHolAME 3t
25099 Z22A7} =gt Z25 3 gty &
A8la 9lx2(La dou, 1997), SVl = wvt
HAto] WA ko] Aoke A As], A, &
2 Aug Fo #AMYe] FEE vRojE u ¢}
&9 ZRAEC] e ZzeHm glg e
AT, 248 $(1994)9 Bad] ospd 74
AE AHBEL e 1370 AAE Udes: AR
7 670 AN LY ito] F PRoz FHawo
EF4d) olo] F HMAZ Ho] AMSHE f7184AE
21257024

e Abe ARAAEAN S 2 gFEHA {718
Az d8A gk RVl E 1974460 279
nRFH 22 339F 1798 A A, 225
ppmolA 655 ppme] =gAilo) Z2g A3k 2
22} 139 Ago] A HRAAFo R Yy ul
AcHAWE, 1974), =T o3 T2NAFTL
Z2gd wg} APl dEA vl Ee
B 578 ppmol FMYEL Z2d AL 2958
Entshe 4484 oA ©24173 % (sensorimo-
tor polyneuropathy with amyotrophy)el, ¥
58 ppmol] B 64 FU E2E S, BP9 9=
A7 &2 (subclinical impairment)e] Zj€cin
BuE M Takeuchi &, 1980). ¥¥ Barregard

$(1991)2 3013t F 20 ppm ©]3}e] E2E 22
AqA FAA DR Fol AT FHE HauF
vl 9l3, Wang 5(1986)& A9 w=ae4ke] 3
4552 50 ppm °]3ld] E2E A= AAAG
&57} ZHadctn B asigih

+EvEhe ACGIHY 38%% 50 ppme L
=2 &3t Jlon, Arz =Tt vy F2
9] A Qe AT A7 A9 gle 4Fold.
Ve Z2Fxe] A, FH9 AFdE
o2 QA% Z2LF HaE T 23 A
D2AZRFE Folr7] offA =HUAT, FAES
AAste &R A 2F3e $AxFA4E
FHeZ Ak =Yl gy ZE&27] o]Fo]
A1 gleng ol QA nA)e P, 53] ¥x
ARA G&o A 77 a3t

FH AYARLEAA =D 4 Zzgg
B v SIS F8 EZARE AMEEa
€5, Pastore $(1994)& Z57]3to] R2AIA$E
B felF ARBAE olEn RaFert s
Chang 5(1993)2 13X @tk ARE AAen
Aol FREZFE YFEs= AR2ZA IF7L9
oule o AF-=Hojok & Ao}

weba] B A7 53 thgdt 2.

AR, AE =3 Y 29 224573
HEg Z2AEe] FRANA FAELE, ANAg
A RAE, 281 AVNAAEN S AANERE v

o AFE =BHite] BYF2r} B2AAA

o Mlale & AL B4, A¥E =TYY
Zzo) o H2AAE) P 2273} & 25
713ks) Q& BRI, o
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CHat 3
1. Spohd

Z2TL 79, =gl F FE #718A
& AMgste 219 &R AdAd SF-she 9
=22 2170t} v EE dzTe AA B @A
AP o f7]8Ad 2R &L ¢ FEU
gz 3y 224 219< dAez siginth. o
A, 3041 Higk, 60A o], BT ALY AN A
g2k, A Ee A9 AAFANAL, AP SHAR
82, FEUYE B4t T A 9% &
F eus AT WA

2. EApY

1 7ielY =eid 37|15 #7I18H s 53

2229 MY EFd, =2, Methyl
Ethyl Ketone(°]3t MEK)9] Z23 =& 13|
Asted AMIE AREXA7](Model LFS 113D,
Gillian, W. Caldwell, NJ, USA)E Al43lo
249 ZEFAXNNAN /A (LOT #4870,
Gillian, W. Caldwell, NJ, USA)2 2 5~6A|3t
AT, AN ANEEAI= FFEEA(The
Gilibrator, Gillian, W. Caldwell, NJ, USA)
Z F%< 0.15 ! /minZ 3¥en, §dadL 5
HE 7] 98t 1Mo} wAls Y. 2 &
Aede gHE Wiz dEF F X442 &4
e FEAE Aasid SAH(LSF 100
mg, % 50 mg)9) 433 AFL Helsko 7,
fe] 87l (vial) el &713 o] 3hg4(CS2) 1 ml¥
7HY thy 3083 E59 F1 {71848 2R
o g3d 89 1 4& FID(flame ionization
detector)”t #3d 7|4 A2 rtE ey (Hewlett
Packard 5850 series II, Willmington, DE,
USA)el $438t, NIOSH #4493 “Method
No 15007 (1995)¢] &3t HFEA3Act ddL
HP-FFAP(0.32 mm WZ x25 m, 0.52 m
film, Hewlett Packard, Willmington, DE,
USA)E AH833ia 8y &=+ 38 F¢ 37 ¢
A #3 5 Y AeAlA 110 CollA 3oz =2
aPPn, FATF = 250 €, HEV) 2EE
250 C& 3l¥ch
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2) % 2, b - hexanedione2| Bidz} £H

Z279 8+ 3849 AYFEA &F 3~54 A}
oo AMHHAUL, ENE 7] -25 CoAM FER
#atgich WYL Saito F(1991)°] AR
g A%l 8 A8 5 mlE 10 mle) AR
7ol Qe FEAER A3 AF 44 0.2 mle
7¥8t3L(PH 0.5), 30¥3 100 TAA 7keEag
¥ FYAAY. FE2ES ¥¥37] d3td A9
(NaCl) 1.5 g& 718l 27 & UREFEI=
Al 3-methylcyclohexanone 10 ng/ml& 363
dichloromethane 1 ml& 7}3le] 387 2EMAZ]
o2, 583 3,000 rpmolA fAEE)sH, 8139
dichloromethane & #2|¥el & 2 ©E FID
7F ZEE GCol FH3td ATt Z2F9
2,5-HD widz2 A5 A3l £47](Astra 8,
USA)E E4T ¥ olele] F2d o8 aF =9
oleld FxE HANUY. HEER UzFY 8%
9% #FE A £,

£% 2 5-HD ¥4 F(mg/g creatinine) =
A X (mg/ 1)/ ZeelEld(g/ 1)

3) X7 A MEZA

A82 Hogstgedt 5(1984)0] ARl H7
24 559 ZAl(surveillance) Aoz NEd
ALSREE ol §stA e Wee A%, 253
AEAE 5 A dukHel B4, Yy, A
M9 3483 2P o8 PAHAL

4) MBEH HAt

ARYA Are TLT Aol g3 dx]eA &
Zta} 5249 AdAR, AFz £EAIME S33)
Ak FZh2 2E & AMSEl] wAAAY) < 8
29| A5 A o] derke Bya 4
25 gauge needle® AH83le] HAls¥Lh AF3d
Z} AEAIRHe Bachmann %$(1993)0] »-g&AtS:
Tk B3-A7184 Z2 S22AEAAN Aed
Zre] &% F93%ke vl A9 tuning fork W
Hog AU HAA A 2FAAE F2 A
RS =77 AR AR ReAA 8 Az
252 § 5 128 Hz tuning forke] & 28 %
Al Fojg ¥ e HyrzRe FEHEEZAEA



(metatarsophalangeal joint)e] vl2 ¢ 5o
o] AFALE Fct. AEYRE 23] de F 2
3 24 gages g

5) T7|MZHY=IEE ZAL

ARAGE TS} AFHEAY 2Ee] &3 23
=71 (Medelec MS20, Medelec, Manorway,
England)& AMH-R2, Al &%= 22~24 td
o 7@Ae] &we] EHLEE surface ther-
mometer2 &3 3td BF 33 € ojde] HAUS W
T3 AT Al

% %27 (median nerve)? ZAANZFFHSY
(sensory nerve action potential)& GW&4g A
=¥ (antidromic technique)o.2 ZAct. =,
AAAZE $£ul5-(hand dorsal surface)ol 3]
A1 FA2 28] A3 (ring electrode) s 4%,
A 2R Z9AE 2 dAXHE F9 L F
g#A9 Y9FE(distal crease)olr AFA7A
2% 1314 0.1 msece EAAFE 7FEIAch &
o] ZEe A7 8% A7 A AFd =98
Y7 2ok 35749 LA EANe F
Aol BAAFTE A7, @FAAZ(abductor
pollicis brevis)e] &8-(belly) € (tendon)o
A A7 S distal creased|A EAAFTE
7tete] A% SBAAGFANE, FEAEGNA
BAATE 7Hetd 29% BN EFANE 9L
F 5 AFARAAele A-E FF8] He(fore-
arm)olA e EFNRFAGEEE Tt EAA
F& 2R B2 SFARN FFAEE 1249
1314 203]9) Z3dl(supramaximal) A& 7}
3t Jehve Fob FoA 713 wE FEALE
Holy FuE 7183giv}t. Fote] A=EHEE 73
7] Y5t S@A) AFHYA C7 spinous
process7HA €] AgE FFst] thge] FH ¢
g3t

-5 A== (FWCV) =
Distance X 2 / (F latency-M latency)-1

HZAASEANE ANAZTE S A3
AAANF 2 F Jle] BAAFE 47, EERAS
(extensor digitorum brevis)e] 28 % 1 A4

ez =ysde| Y2271 dxNFAH 0 0)Xls S

AN F, BAASE S vy Fgd 71st
o AujFAAe] dR FFNAEFAHE ¥
31, HEFFE FPGM e ZHE SFAAE
FH9E Atk vEAAC dE HAAle g8
g Eo9lz w3 A¥sin AANAFEFANE
A7) g8t} F MY BAAFTE 742, H(later-
al malleolus) A3 € 22XE 3 cm 995l
AN F PAAZTo2HE 14 cm 2R o}
2 2A 9 =v(lateral aspect)old] A7|ATE
7istdeh. 2 AR EERNe FAl(latency) e 7]
A& Al (onset latency)2 3o, AZ(ampli-
tude)® 71X %% (baseline to peak)9 ¥
2 A,

3. RI2EA

2A3 ML SPSS 7.5 for PCE Al&352
v Zggd vER gzFe d&HSe vme
Student’ s t-test®&, WFE W9 ¥lae Log
liklihood ratio test® AMg3Hth. EF2ZFUA
o] A& JVBAE Pearson’s correla-
tion coefficient® T3tsic}.

z o
1. HRCHAS Y S

Aqddel A8 Zagol HF 39.9+7.1A),
HlE2 g2Fol BT 40.1+8.24% 2, Ao
£ 47}, 66.7+3.4 cm, 67.5+2.1 cmel3, &
Adole 47z, 66.5+3.9 cm, 68.0+£3.1 cmZ
5 TRl Aoz} gk, 4571 Z44, 15.1+
7.99, 10.0+6.1d0|1, W87+ 27, 8.5+
2.34, 12,011,502 Z2FdA 257|3] ¢
41 Yol o ¥yt FFA v &L ZE7|
A 189(85.7 %), ¥IEZ dizTolAl 1993(90.5
%)°lRn FAEL 4, 169(76.2 %), 174
(81.0 %)o.2 F 7319 Aoj7t YA HTable 1).

2. &% I3 7UI8H s % 2% 2,5-HD
s
AAF 715 /718419 HE v =T
21.1£15.7 ppm, EF4°] 72.2+52.2 ppm,
MEK~7} 0.5+0.5 ppme]®l 8% 2,5-HD¢| H
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T Z270] 2.23+0.08 mg/g creatinine, ¥&
2 giz=3o] 0.23+1.46 mg/g creatinine22
2§ AolE BATHTable 2).

3. YENBEY LT AYEH HAER
Z275 HE2 d2Tg ez Ad 14 F
¢ B2AARY T 7FA 4 dF BHARE =

Table 1. General characteristics of subjects

ALY, F2A SHFel g wrlete]l Aty
t 354H, 19.0 %) AYsty & ¥ EF 15
% °l&e @ 3AEE Hgd & B 43S
A7 ofH 3L 34F Abge] E2FolA 29(9.5
%), M1E2 tzoA 39(14.3 %), ‘SA2H0]
E At & 42, 29(9.5 %), 38(14.3 %),
‘AN 2ol =AY ¥+ 42, 39(14.3 %), 1

General charateristics

Unexposed (n=21) Exposed (n=21)

Age(years, M+SD)
Education®*(years, M£+SD)
Duration of employment*(M+SD)
Length of UE(cm, M+SD)
Length of LE(cm, M+SD)
Alcohol intake(n(%))
Smoking(n(%))

40.1£8.2 39.9%7.1
12.0+1.5 8.5+2.3
10.0+6.1 15.1£7.9
67.5+2.1 66.7+3.4
68.0£3.1 66.5+3.9
19(90.5) 18(85.7)
17(81.0) 16(76.2)

* p<0.01 by Student t-test.
UE, upper extremity: LE, lower extremity.

Table 2. Concentration of n-hexane, toluene, and MEK in the air and u-2,5 HD

Concentration of solvent

Unexposed(n=21) Exposed(n=21)

n-Hexane(ppm, M+SD)
Toluene(ppm, M*SD)

MEK(ppm, M£SD)

u-2,5 HD*(mg/g creatinine, M+SD)

21.1+15.7

72.2+52.2
0.5+0.5

2.23+1.46

0.23+0.08

* p{0.01 by Student t-test.

MEK, methyl ethyl ketone : u-2,5 HD, urinary 2,5 hexanedione concentration.

Table 3. Subjective symptoms and neurological signs of workers

Unexposed(n=21) Exposed(n=21)

Symptoms and neurological signs n % n %
Incoordination or loss of balance 3 14.3 2 9.5
Loss of muscle strength in legs or feet 3 14.3 2 9.5
Loss of muscle strength in arms or hands 1 9.5 3 14.3
Difficulty moving fingers or grasping things 2 4.8 2 9.5
Numbness in fingers lasting more than a day 2 9.5 3 14.3
Numbness in toes lasting more than a day 1 4.8 4 19.0
Abnormal tactile sensation 0 0 1 4.8
Abnormal pain sensation 0 0 0 0
Vibration extinction time”*(second, M+SD) 11.9+3.1 8.8+2.0

*p{0.05 by Student t-test.
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3(9.5 %), ‘€1FEE $F A EAE A
Ay & &4, 24(14.3 %), ‘SRl &71er
o] Aty + &2, 349(14.3 %), 29(9.5 %)l
T} 3ol ErtEe] ATy & ZRFAA 49
(19.0 %), HIE2 Yz2ToA 19(4.8 %)o2 &
27 oy BAACR {o ol Hol
A gsketh, #Ae) 223 e ZaFdA £
AAo] INY 19(4.8 %)& Agstne wF FA4
olgict. Ao AFz AWt HEFL E2F
oA 8.8+2.0%, ¥|EZ dZFIA 11.9+3.1%
2 ZaFoA fodstAl 2 cH(p0.05)(Table
3).

4. FrjaZMelery Hatdnt

zZ N7 Aggre BEHY AT FAEge
Za3a vERE gaF 20 F3Ee olddl
ARy dAZ EuFo] HER dRTERG Ah
He 3L 2ivt

AANAL] BS AFANAGN AEEEr 2 F
oA HF 51.1+5.6 m/sec, H|ZZ tlzTollA] ¥
# 55.0+3.7 m/sec® FZTNA FiFPou F
AR FoA4L N (p=0.59), A AEL
z}z}, 15.3+3.5 uv, 19.51+4.7 uvad Z27oA
$-ol3HA ZAPTHp0.05). ¥ EAA M Add

Table 4. Value of electrophysiological study

NesT cydse| Ot E271 BEMPA A 0|Re B

=7} 4z 50.7+5.4 m/sec, 52.6+2.7 m/sec,
gAY AEo| 47k, 14.1+4.1 uv, 13.5+£2.7
uvd ¥ 3t Aozt g, #5489 A% A
ZAAN AEEE7}F Z2FAN HFE 54.5+3.6
m/sec, HIZEZ2 tixTolA BT 60.7+4.6 m/sec
A3, A9 AEe] 22}, 6.9+1.6 mv, 6.1t
1.5 mvE Z2FA FosiA ABAeE=rt 7
A8ta 995 A7 F71IATHpC0.01). HlEA
AoA AEEEE ZZ A Hd 51.0+4.2
m/sec, ¥|E&8 d2TA HHE 52.2+4.3 m/sec
A FEAYAZo] 55+2.2 mv, 4.912.1 mv
2 5 TN 2olst gl AFAE Fohe) Ag
&5 oA e 58.3+4.0 m/sec, HIER
z2oA HBF 61.0+2.3 m/secE ZE2FNA
225 ATHp(0.05) (Table 4).

Zagy nEE gzeda Arjd7AAests 3
AV HAR AHES viag Ad, #Agage A3
$ HER dizTe BT 34 &AL Bov %
2T AR AESE HAFIAV 15(4.8
%), BEAY AZ u|A A7l 69(28.8 %)l
3, HEAe) AdE&x wiAdAE 144.8 %),
549 AF wFYAE 29(9.6%)olAt. EF
A7Ae A9 vEZ Uz AFATY A9
AZ v A7) 2%8(9.5 %), F2TNA 1%(4.8

Electrophysiological study

Unexposed(n=21}

Exposed(n=21)

(M£SD) (M£SD)
SNCV(m/sec) g’ffrff n gggi; Z g(l);igz
AR g st raa
MNCV(m/sec) llllfaerii::; gg;i:g 2‘11(5)22(25
WP tosa1 S
FWCV(m/sec)  Median* 61.0+2.3 58.3+4.0

*p¢0.05, **p<0.01 by Student t-test

SNCV, sensory nerve conduction velocity: MNCV, motor nerve conduction velocity: SNAP,
amplitude of sensory nerve action potential: CMAP, .compound muscle action potential:

FWCV, F wave conduction velocity
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Table 5. Abnormal findings in electrophysiological study

Electrophysiological study

Unexposed(n=21)

Exposed(n=21)

SNCV (m/sec) median
sural
SNAP(uv) median
sural
MNCV(m/sec) ~ Tedian
peroneal
median
CMAP(mv) peroneal
FWCV (m/sec) median

1= abnormal in median SN*

1= abnormal in sural SN*

0 1(4.8)

0 14.8)

0 6(28.6)

0 2(9.5)
2(9.5) 0

0 0

0 0

0 0

0 0

0 6(28.6)

0 3(14.4)

*p<0.05 by Log-likelihood ratio test.

SNCV, sensory nerve conduction velocity: MNCV, motor nerve conduction velocity: SNAP,
amplitude of sensory nerve action potential: CMAP, compound muscle action potential:

FWCV, F wave conduction velocity

Table 6. Correlation between duration of employ-
ment and value of electrophysiological
study and neurological examination in
the exposed(n=21).

Electrophysiological study Duration of

& nuerological examination employment
Vibration extinction time -0.40
SNCV Median -0.57**
Sural 0.04
SNAP Median -0.25
Sural 0.12
MNCV Median -0.20
Peroneal 0.25
CMAP Median -0.20
Peroneal 0.33
FWCV Median -0.43*

*p<0.05, **p<0.01

SNCV, sensory nerve conduction velocity; MNCV,
motor nerve conduction velocity: SNAP, amplitude
of sensory nerve action potential: CMAP, com-~
pound muscle action potential: FWCV, F wave
conduction velocity
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%)) AFAA AEEE, HEFNE ALdE:
9 G549 AE] v F & BFA 3
Hx Qich. 2 AAA 1A o] HAY 24
e HER dzIdie IHE fed s,
ZaidMe 35ad70] 6%(28.8 %), wEzt
7o) 38 (14.4 %) Z2Fe] FAAAANA
v 2AEo] feldHAl EktH(Table 5).

5. =aito] UEMAZHo| fst 22712k
I

SH713te] B2RAASE viXe 9T Heofst
71 S8t FEIAN 571 A7A073 82 84
ANAARY] FHdAE AR 2571309
AR Aess, 25713 Fot Addee
BBASF7T 242, -0.57, -0.439] o 9] 4@
BAE Y ATH(p<0.05).

i

2k

edE e g Y2 AEGL LR 7
ZN73E, AR R SAE dA AP, A7)
A=A HAMVE 549 AEL Fasta, A4
AQETE FN Be Fae] 248 B,



B AFeA 2ol AV|AAgREE HAR 9
B APEA UARA T W Z2 gzl vl
AR N7 BEAY AEY A FA
AFzz 2HAIE] AU dQlar, vEA vF
FAAE] Y Foz Rol Z2FA EEA
A FRAEG] FAPYE S &+ Ut

E AN A5 gAY AZFo] 10
uv(B4 12 uv oI HEZZAE EE5AY A
Zo] 7Tuv(F 10 uv o) o2 F e #AFA%
M WAG 2AE B A4 LR ER 3
Fale 447 138 A o] FHE As: EF
A F2 ARdAA 10d B¢t 2Fsn U B
FAZAAY 4L vA £ e Ze¥ F U
Ay, FERE, ¢EFE9 AAYHL Gt 28
Y o] Aoz TRNAFANG AATH HAME
o] 347e flo] AP BN LR NAEFe
AdH A .

B 474 Z2F F AVA3A8EE AAE
3} £ Aol AN wHEE Vel ¢ 3
R A A7147 QA AP ¥sle 2]
wzlol 2Ahd (axonopathy) @44 & Y&
Uz g3 IR 423 demyelination) ol
98 Vel wEog AyZEY olg MAYPATZE
el dxstn UM Allen 5, 1975, Geverna
%, 1987).

dutAon ARNAELE WG o A g3te
ANNBANEH A RAgdo] ofd B oy
g SxAAENe 2oz 2 9A9A ge
FAE 71 (Simonsen ¥, 1994), 28y &2
AAPEQ AZAAL AEHQA oz Jdz
AlollA] A g317] ol AFAe] Yz, =T
35 8489 vERAAAY Aesre Fae
HEAARA AT 2 AERAE /g A
(Yokoyama %, 1990)& n=1% o A7|N73A
A FAle TRAASSE Hrlske FdozA
727t A= 3 ik,

Z2FoA #EE L2AASY] 29 As:
ediboe] vHdERR2 AjZtdct, 1 ol/E A
A, ATUY AFEA AN LxAAF dFgF &
F e UE 81EE Ao, 4, AU
7 2345 JEYH ey dy fEAHQA T
ZAREA BAQ @A 2,5-HD7F #E3EA

Mz wYHie| Y E27F YRMAA o} 0|X|= Y

7] doltt, ajd & A7) oA AdAA A}
43 B 3 IEAZ FAEY o T
AHEgE ol O & 718419 9o tiF HEE
gzt 4P SN d3E 1Al B
243 Methyl ethyl ketone(cl3d MEK)S &,
I F ERAL FEAYUS QAE gier &
HAREA 8% 2,5-HDe. vjdE AAAA =
it BFAAEAAE g3lgcia 2R o
(Inoue ¥, 1970, Takuechi %., 1981, Iwata
%, 1983, Saito &, 1991). 2328 EFAL &
drdaolA vehd LD2APELY PAEFAA
WAE 4 1z, MEK® 3%+ 37 0.5 ppmS
2 #4718 200 ppmell vl I3 nng A=
2 AEHNeEE A9 gL nAA] ggkE Ao
2 Ajzpdrt .

TH 7o)l AsYA 22Alelmz A &
3 g@"dA MR o7 #IH FFL
(Carpal tunnel syndrome)d] SA7FsAE )
A £ 11, ¥ oA AN Fod 7
7ol FFAHY AL, $FAE AEEx
et =t HiE XA e AR AT
A ZAAEe Wzlgle] six|9] AFHLaEAte
Zak ek, ¥AY AAEE X9 A7
AMET} gx19 ARAANN FRsA FUTH
28y 3R] AN 2T v3Y 238
o] HZ g YRTHT %I, AFHLAHAZ]
A Add 2P £2# FFETLA 7 I
A JRoze A9UHA gherh, uEhi] E QT
A BEE TRAGFELLE =g AZa2d 7)UuE
£ Aoz Agdr}, .

B Q7oA 27z B 22 A E2A Y 9
g weta) N8 E2FoA ¥/ AN
A4 E AAEAAlole] JABAE metd A
3, AR AgLE, FFANA Fo Adse
o fol@ &9 FHBPAE HAn AA9 WA
29AIZE 29 FBRBA (p=0.07)E RIXT F
AXog feoldixe 4t & 2573e] AFE
Az ARQAGERE, A4 Fo AdEx, A
B34 2EAIT] AaHe AL SF3N) A
T TN PERA] H2e] XEZ {8314 AL
£8 7FsA g RoEY,

FH EF dFdN ZFVAT A7AA AT
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AR Atole] A@pA] s EdULE BAY
A &L olfe AT U AFGAAM 7HsA
Qe EAALTL Aojs A, AH9 A HA A
sE¥Mdn E@As2 43R &3t dEeld
d45e ZETdMNe ASHGAE AgEx, FF
Fu Ag&x, A9 2524 &EARNE fo7
29 AABAE Holx|gt HjEZ g2 TAMe F
A% FHBAAE JENR] GolN EAHo R R
A7V 5ol dFgE vl AL oldS & 4 U

B a7 AFHL AA, HE 27|71 FolA &
el @AI7E Atk Aotk & Ve A
gE 299 4o vind AL Ze &R
AsPA ZEAETS A7 ez 7] il
B A7U3Y fAM A 54 Ze AFRE A
PA ZEAEC i gukshyt bedtcial Als
#c},

X, 9id7 dibEo g JiAe AgFPer
A%22A &7t g 4 e, o YR
Zo] AP o2 YJAES AP wEoler|n
ot AaF FRAYH] apHE SUARYES & F §
of dAE Aoz A, A, 7H4F siEdEst
g WA o8 FAE AYed 53 4
B3 2783 AP vEd AHE el o
G2 ol Rl g M R e B A et 2 = R - R ) s B S B
o} Hejsta Aslel] ule} o7 W F2st A&
He @ /M998 A9 g1 Ao JgzE, o)y
T AFHEL ¥ A7ERE AhYrishe Yo
2 Ag3ka glo], HHE RE Az A48 ¥
A FZE AT ol APHEC] FHEGH &
2 vEZ d2F Alele] HARERY Alole o
S B4 ez Yo v, fA Z2gd
@ ZE7t gl FHERFE g Wi ¢
A7) WEo] EZ gl wrAAEFAole] Pyt
BAE AT F+= Y.

o|ge] ARE FHehd, deAte] AP 3
47182 50 ppmdl R FE "iAE HF7d 21.1
ppme AFE FRYA = F7IHT 15d)0
AR Z271 o]Fold v SR AEA ] W &
U2 AT B 25713t 1 FHeA
G2ABER] BHE FeAol §7] "R ol
& JAgdA 53] T2ARFe] =r)WdT oA
#E AT x=o] Pasivin Yzt
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Y Ak =T BYZ 2 FRUAA
o PR 9L AL LRAAFEAY 2F7]
kel PN BuAE Hetsuzr st

g 5 Al AlSRA 224 219 & ddeR
AAA9] 715 /7184 F=, 229 85 2,5-
HDe =& &3 &8 34, A4EE FHAL
A7NNZ A AAHE A

o ARoiAe) HadFPL Z2 o] 39.94,
HEZ 20| 40149, Hd 25F773L Z
Zy, 15.1d, 10.0d01v. F23F9] 71F /714
Al wxe HEe =T, EF4d, MEKT 44,
21.1 ppm, 72.2 ppm, 0.5 ppmo|t}. &F 2,
5-HD %2 ¥ie Z2F0] 2.23 mg/g creati-
nine, ¥E& thxF°] 0.23 mg/g creatinined]
Aok, Z2Fn vER g2y 4318 &
Zr, B2te] o|AAAEL Aojr} g, AAEH
AL BAY ez AEAMe Eggo] 8.8
Z, H[EE g2Te] 11,928 E2FAqA ZAHA
tH(p< 0.05). A7ANAAN S HAAHe] Hie
T oA BF FAEH oldlel JNey, FFE
A Aggx, 33N Fo Aggx, 3F 7
A7 A9 AZL Eayda foiA i
HRAHp €0.05). EF AF74A0 w)EzkzA
oA 17 ]9 HFY Aol F2To] HE
2 gE2FEG FostA #3eH(p<0.05). 5713
I AFAANA AgESE, 2N AFAR F
o Ae&zte] ARAse 4, -0.57, -0.439
Fo @ &9 FEEAE e ATHpC0.05).

g : ¥ A7AFAZRE Y7 21.1 ppme] A
35 TN AT 159) F27) o]Fo]
A o B34 A4 BRSNS 2ednke 2
& Ak EZ 2F7I2te] 7 FHeed ERA
A&go] LAY 7FsAe] ¥7] Wi oja@ He
di B3 TRAAF 270G outd B
Alget7] @ =¥o| Wasiria Az,

St
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