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— Abstract —

Study on Clinical Significance of High Signal Intensity by Brain Magnetic
Resonance Imaging in Mild Steel / Arc Welders
(Clinical Significance of High Signal Intensity by Brain MRI in Welders)

Young Seoub Hong, Jung Il Kim, Kap Yeol Jung®, Joon Youn Kim

Department of Preventive Medicine, College of Medicine and
Industrial Medicine Research Institute, Dong-A University
Department of Industrial Medicine, College of Medicine, Dong-A University”

Objectives : This study was carried out to evaluate manganese exposure marker and
the clinical significance of high signal intensity observed on brain magnetic resonance
imaging(MRI) in mild steel/arc welders.

Methods : Brain MRI, blood and urinary manganese concentration measurements,
physical and neurologic examinations, questionnaire and biochemistry were performed on
53 mild steel/arc welders(exposed group) and 112 non-manganese handling productive
workers(control group)., We calculated the pallidal index. the ratio of signal intensity of
globus pallidus to subcortical frontal white-matter on sagittal T1-weighted MRI. And we
studied the relationships between the pallidal index and other measurements,

Results : In 35(66.3 %) exposed workers, high signal intensity were observed on the
globus pallidus. Blood and urinary manganese levels were higher in exposed group than
control group. Pallidal index were significantly correlated with working duration, blood
manganese level, urinary manganese level and positive rates of clinical symptoms and
signs.
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Conclusions :

The results of this study suggests that high signal intensity finding on

brain MRI may be considered as useful tool for the evaluation of workers who have man-

ganese exposure.

Key Words : Manganese, High signal intensity, Mild steel/arc welders
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SAIPL A3t 2AFE4T Sy e
ceFatAl EREed, 7P BEstd Aguwe o
Eolagdd stxola ey YAl BAEHE £
AFolY F5%9 FAHF BZAFSHY TR o
g A 9 we) dnFoz s Bol A4
Hi AE BAFEL d%oln 2HQlHARE o
5 AMHY 1 99 RAISELS F3] A9l AL
2 g8iA] ok ZAFSEe] 974 We 43834
Alel &, 3L, A, e Fol 22 @l B
o 2HQA2Y We A 32, YA Fo] Bo
dA At (Voitkevich, 1995: Wd4, 1987).

olg¥t SHFe FANEFT 53 I B9 &
Ao gide]l Ha e W A9 P4 vFd
224 st oze FIYPY, YAr)e, RIS
Ee AAdA] B93AE Aot wEAdEe F5
2% oPE F e Aoz A Ut Wity
EAL F2 YR Yeted 2rlde &
3, 927, 55, 99, 79z, Fud, ¢
Ao, 71jgolyt JAFHA, 9% F 7193
Q BANAR FA4e] veptiyt AEA ARG ¢
B2, 259 oA, ARG 59 AA, doF,
AA o, WFAE 5o wrtdHQ FAL2A
(extrapyramidal tract) 573l <3 HR&FF
I 22 A FA] GARH(Barbeau, 1984
Clayton, 1994).

ARA xFo T YANFEL F2 Y3lo] ¥4
Aoz A WS U, WA™E, GAgs
A, oS AMdshe AR Axy T
SR 22A A TN 4HFdez Q%
PFES] YA 10 % 139 HHE TR §
7 433 759 =AU THe Eu(Clayton,
1994) ojgldle F3] =8}, wEA A =3
& e 9ol B AW F2 YA LA
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g o] PtEe o S4FuS, WF, A4,
H71RAD T F2 ZEF7HAZ R FFEA
o} 2 A Y3t HF 2EAE UF 259 97
AA AAAAN, AEBAAN Ee ¥=7)A N
Bol #EERGn s oS WAFHA
vehd £ de 5ol 34 F9 sz o)A
ga ot FAYse & dWe] e 2EA AYY
A7 Uelg & e tha HEelFQd 47
o7 ek gtk (Voitkevich, 1995).

ey 2o o] £AHE Fol THE 4F F
49 I FARE W A Aol oyt
2L Fo] AREH FAld, vy 4
Aot 2RAY TRANA AEFFETe] T4
AL JHoz s (FEE 5, 1997) vind 3
o] Wle AT 2udHez 1 gol
2oli Y& A (FAFRF 2 % viWH) /o2 3
AdAlol LAE FhFel ofjt QA< Fugol B

& AF7} o]FojA L PRS- F. 1998 F
55 %, 1998). 2 A% 9 FAxy A ¥
e FAE A% HlETEA EF, 8F Ee
Batge] ik AU AAEH F4E M
£ A3l FF T AMETFA0l AAlH
2 e} oA A o # FEES Wixdd o
g B FAAY PAFE A4F Yo AP
ZFnX2A A 23

29 A7AT 2 Add] F4E WL
I ZEIRA w7l 4~3992 & B oy
A3 Agde URE 3 B4 % AALE F
3 Aoz wlAdsolX A e P RaAle A
Hog Mo FAe2Ad FH=o] YANFE] H
22 A4 & vt §H(Erikkson 5, 1992).
olg|t Mool MYAHQ WAL Wt AA
A A3H(paramagnetic effect)d] 93] =zl7]13%
g3l A E7=(signal intensity) 2 1€ 4
et A% (Newland 5, 1989) Hd7xl& 3
o e 9% H7)1A Y (basal ganglia)e] 3



A3ZE7E AYe A49%3, AP gv)d o
e FueA oz =de] Ha 3ok

old] ¥ ATFAEL AZ/1EEH 2249 HA
71339404 B H7AYY pAER=IL A
Ue oviE o8, A7, WA % 43}
FAZAL, W3te] g =FY, PAeEAFEH
Hlm BAEld AR o] o3 2UYRF
B U@ JGET2A HA1THYE o8 7t
& Testn ok, AFA f3Adol @ol
deA A @3 FELAY HaE =EUE A7/
ol SAARAAl Bk Mol Al A=
= I setstuzt & A7E AP

Chat W Uy
1. A7chy

EPA Ao AT ARFE W F AFZE AF
AAlolA L4437 Yeiz A S3AYE s ol
44 S=2AF 639< FAAE AT &3
222 aF Az € CO2 ol284 4 9
E olagA e e mAFESeRE AL F
2 AR ATk At gujE HEAE B3t
o A QY 4 ¥y 5 Bo] VAR EA 109
< A 534L HF =2FO FP} U=
ToRy T I W LA ARIAE B
g X AAEGE vehlie EES AMSEA
ge fAd FAke dA A 224 1129
£ 792 AR, =&3TQA 5399 of=2 83
F AYy dzTdAE 1129F 1088 dge=
¥ 27] 3299489 (1.0 T, Picker, Vistar-HPQ,
USA)E Aysiior] HA|FHGZELE A3
3t 1 AFE 309 WA ARQ7 RESA
o x=&2F F S oe AZREY) dAE 35
P9g NIZPEFoR, §AHog JIHEs}
FEAEA gid Y] 189 & FRNIAE=ToR
oAl RIS

2. oAty

1) dE=AL

gt 7 AAFAE FrHEr] st duta
A AR, A UY ¢ HEY, ¥ AUy L 43
o8] 2ed + de F4 Fo A AT 48X

SYZEX0M BHEE DMSHE] YHH 9|9

& AT, AR A Ao HEAE )
#3ie] A717194 pEoz Agsgon, HE &
A FEE 239 gelae 977 53 Bl
EOUE

2) ZigiEe| 8YE A 53459 53

A Ae] AEL A& w1 o] F] 4F
WE A AR Gan ARl o&stn AN
}. & £3¥&(total welding fume) F=9 TF4
23 ¥ (respirable welding fume) 558 233}17)
A% AlEXFHL NIOSH Method 7300(NIOSH,
1984)< uwie} A7 37 mm, 7 0.8 m9] cellu-
lose ester A3 3}A] (Nucrepore, USA)E HEelx
g] 3¢ FHHIE (three piece cassette)o] LA F
N4 A&XA7)(personal air sampler: Gilian,
USA)ol 42l 2axte] 3F J9elA 240~360
¥ A 88 PG AlEER FF2 1.9~2.0
L/min®3L, &3 AFd vrAFHCE FFRE S
AANEAT, AlRXER A9 BE A& A4AIZE o]
4 diAlAlo 8] (desicator) ol B, A=3IQ L vlA|
AAA & (electronic autobalance, 10° g,
OHAUS, Switzerland)& A3l Heg & A3
ol o]g3slglen, X3 Fo AAAle A8 A
EA3 o AR F TR A% A F
o] A8 il KFo 2 o] SHFFE A3}
£ SRR AT B8 4 A7 22
Ze] APAE 13 ARVIEHEEE(TWA)
g Taad. Asdd @8 FE45S NIOSH
Method 73000 we} AA 2§ F WAFFETIE
Al(Varian SpectrAA-200HT, Varian, Austral-
ia)Z 319 (flame)d & ol 83l 43,

3) MHARS EF3&sEe 53

A7 date] A ES PdL FHodo] =¥H
FHe] 10 mL, &9 &9 AFH S FH 50 mL
AEE Wol o] F 10 mLA sl ZHAAR ¥
ZRrEHAT. A ¥Y9 3% 0.2 % Triton
X-10022 1080 Mgz, 289 9= T g
A3l YAEFFEFF=A (Varian SpectrAA-
200HT, Varian, Australia) %34 (flame-
less) YAFTERFEY L o83l EFHMY
(standard addition method)2-2 #4331t}
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4) o|=t2tx] HAt

olgta] HAlZE ¥dzAN, AlE € AHAHALE A
gtk oS 934 (dynamometer, TAKEI,
T.K.K. 5101)& o]83}d 7z} 23|14 &3l 1
F B2 #XE A939er (major hand) ¢t
G4 (minor hand)2 FE3%th. A3Ed HAR
£ ¥¥2, 8783, ¥A asparatate amino-
transferase(¢}3l ‘AST 2 <%3D), ¥A alanine
aminotransferase(e]3t ‘ALT 2 °F§h), €4 3,
4 2 ¥F $Fe260 89 g 380 9t
=23 B £ U AFGH ol FAFo digt A
723 AAe AZBA RS Ao Bed) o
3 FEom FYPHUD

5) BAMIELE Z{A}L

Yedy BHE HA|FYAGAM Y KA
¥ Roe] AIAEE AWy A P Ate]
F8 BAHREYF il FFT(globus pallidus)
9] As7=e] qF FFFA 4 (pallidal index, ©]
3 P.L'2 9HE AEFIHUG. FAPAFE o
A71E9g4el AlY T1 Z=293(sagittal T1-
weighted MRDoIA @379 A3d=d] i &
FH 3]s WA (subcortical frontal white
matter)®] AEZEe] HZ ALdsgen], o #
AR AFRe] v BT AFR 9As)

Table 1. General characteristics of subjects

AR ¥&3E 11 mm's A9sle] Mz 39
g3e] Ao A=) (console) & o] -5l 2A 5T},

6) EAHIH AMe|

RE ARE SPSSWING| 3¢ ¥ 239 3
= AE AlAstd ATEE AF-E AN,
T B RE Qe ANOVA % multiple com-
parison test, x¥-test, ® Fisher’s exact test&
o] 83, Wete] FIAAE BY) HdMe 4
BENT A ENS AP3ATH

z o
1. ATChARLES] Yt B4

ATRFAES] YA 5L Table 19149}
Zo] 4%, TEFE, &F AF % F4 94F9 o
HMe ANEAET, FRNEF=ET § 2Lt
o et AolE Holx| fgteyt YA ot
vz E A SFETe] YidFrIto] 18.23+
6.67doR FAAIZFAEFY 3.17+1.10d R}
FolatA #A velstHp<0.01).

2. MAT W MH AMRE IS

&7l AT aFAR A 3F9) 73
HAEEE 13.22 mg/m’es $-evele =375

Exposed group

Characteristics Control group
*High signal **Normal signal

No. of subjects 35 18 112
Age(years) 40.21 + 5.32 38.16 + 6.75 38.77 + 5.27
Working Duration(years) 13.23 + 6.67 3.17 £ 1.10 -
Education

Middle school or below 19 9 53

High school or above 16 9 59
Drinking

Yes 29 16 97

No 6 2 15
Smoking

Yes 31 15 103

No 4 3 9

* ! High signal intensity in brain MRI
** : Normal signal intensity in brain MRI
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Table 2. Welding fume and metal concentrations in work site (mg/m®)

Contents No. of samples Geometric mean Geometric S.D. Range
Fume 8 13.22 14.93 3.24-34,76
Mn 8 0.4810 1.8884 0.0421-4.0645
Pb 8 0.0125 0.0077 0.00-0.0148
Zn 8 0.8262 1,9599 0.1445-4.7701
Cu 8 0.0093 0.0056 0.0042-0.0236
Fe 8 2.5623 4.2748 0.0646-9.4746
Cr 8 0.0120 0.0097 0.00-0.0081
Ni 8 0.0009 0.0006 0.0002-0.0022
ca 8 0.0002 0.0001 0.00 - 0.0003
Table 8. Mean values of manganese and other exposure indicators in subjects
Groups®* Exposed grou
P P Control group !
. High signal Normal signal (N=112) p-value
Indicators (N=35) (N=18)
Blood Mn(¢g/dL) 5.60+2.56% 2.60+1.35¢ 1.12+0.42 0.000
Urinary Mn (#g/L)" 6.31+3.90% 2.96+1.65¢ 1.01+0.49 0.000
Blood Cd(¢g/dL) 0.7210.302 0.67+0.16° 0.28+0.16 0.004
Urinary Cd(u#g/L)* 0.72:+0.342 0.62+0.19¢ 0.41£0.18 0.012
Blood Cr(#g/dL) 0.78+0.21 0.66+0.21 0.69+0.31 0.159
Urinary Cr(#g/L) 2.97+1.052 2.56+0,71¢° 2.15+0.62 0.000
Blood Pb(pg/dL) 7.70+2.362 7.021+1.70¢ 5.35+2.21 0.184
Urinary Pb(sg/L) 8.0512.45% 6.9912.14¢ 5.22+1.54 0.021
Note : * : Oneway ANOVA followed by Duncan’s multiple comparison test

. Geometric mean and standard deviation

L]
#
a : p(0.05 compared between high signal and control groups.
b
[

: p{0.05 compared between high and normal signal groups.
: p{0.05 compared between normal signal and control groups.

A 5 mg/m’Rr}t EAc) WE VP EEE
£ 0.48 mg/m’e2 $evEe] x=271718X9 1
mg/m'Bths Bgkont = A AR} 323
(ACGIH)®] #7t&3 R Fo x=&7|&X(ACGIH,
1995~1996)21 0.2 mg/m’Ech= E3tch, 4, of
4, 78, 2§, U4, JI=F T Vs iEEe
2E feuEe] x2718A o9 ve g e
UATHTable 2).

ETF INIRETY §F ¢ 8F 99
T 42t 5.60+2.56 pg/dL, 6.31+3.90 pg/L
2 Buchet(1976)9} Watanabe(1978) %ol AA]
g A e JEAQ EF YL 5 4g/dL, 8
% U3 5 pg/l B w5k WY ot AT

ZA=Td dzdd HHAE fo8HA L A8 1
B (p<0.05). 8% A¥EE INZRE=T
ARAZA=TT hzad v feldA =%k lp
<0.05), ¥% % 8% 7l=F% 8% A8 % ¥
49 FEE IAZAET] HERT R fo5iA
E& A& YERIR 21 (p<0.05) =5 B3EH ol
yger 83 A8 e 4 I f@ AolE
YeERlA] e3kcHTable 3).

3. YA MY

1) ol&fatx #A
A7 ZAES ol R YA AAYAY F
AST#S A Z7EFo| 28.17+13.63 IU/L2A
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Table 4. Laboratory and physical findings in subjects

Exposed group
Groups® Control group

o High signal Normal signal (N=112) p-value
Findings (N=35) (N=18)
Syst. BP(mmHg) 121.57+12.29 125.56+14.44 119.73+£12.66 0.537
Diast. BP(mmHg) 78.00+ 8.68 81.67+11.50 79.02+10.09 0.320
Hb(g/dL) 14.65x 1.28 14.33+ 0.90 14,994 1.61 0.054
Hct(%) 44,81+ 3.18 43.72+ 1.78 43.20+ 2.61 0.052
AST(IU/L) 26.07+14.53 22.38+ 7.08 23.35+ 8.27 0.155
ALTIU/L) 28.17+13.632 23.40+ 7.75 21.57+£12.77 0.304
S-Fe(pg/dL) 109.09+15.97 112,39+ 4.49 110.55+£12.55 0.000
Calcium(¢g/dL) 9.96+ 0.77 10.09+ 0.64 10.36+ 0.83 0.350
Cholesterol(mg/dL) 181.67+32.69 184.00+:20.06 184,13+32.66 0.032

Note : * ' Oneway ANOVA followed by Duncan’ s multiple comparison test
a @ p{0.05 compared between high signal and control groups.

=9 23.35+8.27 IU/LEG {o3lA & 3
& JeEA 2 (p<0.05) B4 o, £
7] 2 olgr|¥st, YA, ¥ r8AR, ALT, ¥
A A e 9 84F F2U20EYY g2 4 #2
of efzte] Aole ARV FARHCR FA¥ A
E& oY UAcH(Table 4).

2) MBS U B

ATFRAAES ABFY FIEL Table 5904
8} o] INTA=ETANE AEH(71.4 %), ADF
(51.4 %), BE7RE(45.7 %), FE(45.4 %) B4
THE A9 A FEA iz H|3te {25t
FS HHES B (p<0.05), AeN(71.4 %), A
AHN(51.4 %), BERE45.7 %), AFE R A}
79 A (40 %) 59 I FEL INIP=TEHY
ARNZA=TLNE FoF 2ol YA p
<0.05). a3y AJNEZ =T 2] vl
Ae FgEde fod Aold Ueid 52 /ISl
o AFdEREe] 9T FHELE Table 69
Mot o] RAZHREFAME Palmo-mentle
reflex(34.3 %) ® Myerson sign(31.4 %)°] 7}
F we FHES BAT BY opE ANNIAE
T % H2T FT BT HHNE A we
#& JERIAR(p<0.05), AZo|}(25.7 %), ¥
YuARGE A (17.1 %), 71=R0A(11.4 %), WA}
BR(11.4 %) 59 FEL 2T vHA fels
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A ¥ FHES JEMIATHP<0.05). &H 2N
A=A JYehd FF2e /MY BHGT7
%), DAFN(5.T %), SNF1R(5.7 %), W
3 F%05.7 %), AYEF 2RSS (5.7 %), ¢
ARA2.9 %), BBAH2.9 %), BPFR(2.9
%), BFAM(2.9 %), Snout reflex(2.9 %)
SolAct.

4. INE Aol G ojxle Erkel uy

Pedo BHEE HAVFPERAAY H71A
Y F9e] Az E AFsr] A8 YAz
F8 AR5 Q) @Y AEA = o
g FATATE AT AANIF=F P
o] HAFL 1.11+0.0628 FFNIZFE=TY
P.L%9 H#Y 1.00+£0.01 ¥ W= 112935
A7 399 4EEE AT 1099 P.L&9 Had
0.99+0.02 B} felsiA &2 @< et (p
<0.05)(Table 7).

k& da AN H4E F HnE §dlAge)
g 22E 3P e WK ¥4E Adslg 1 B
AME3Ie] FRBAE BHF 3 Table 8% 2
o, AERE] EAFERA ARE P18 fog
ARAAE veErd Axe FAYAE(r=0.61), ¥F
4ZHr=0.54), 8% WHr=0.44), 43539 ¥
E(r=0.46) 2 43539 ¥4 E(1=0.39)°1AHp
<0.01). 277483 fo% JEAE Jepd ¥



SYZEAM MEE NSzl Y 29

Table 5. Positive rates of clinical symptoms in subjects (No. (%))

Groups - lExposed grou:: 1 l Control group
High signal . ormal signa =
Symptoms (N=35) (N=18) (=112
Headache 16(45.4)2 5(27.8) 19(17.0)
Weariness 25(71.4)#b 7(38.9) 50(44.6)
Weakness 14(40.0)2b 2(11.1) 10( 8.9) .
Difficulty in attention 12(34.3) 3(16.7) 27(24.2)
Depression 5(14.3) 1(5.6) 9( 8.0)
Nervousness 18(51.4)2b 2(11.1) 16(14.3)
Insomnia 5(14.3)2 1111 4( 3.6)
Amnesia 18(51.4)2 5(27.8) 22(19.6)
Decrease of libido 16(45.7)2b 2(11.2) 8(7.1)
Difficulty in understanding 12(34.3)8b 1(5.6) 4( 3.6)
Tremor 5(14.3)2 111D 2(1.8)
Nightmare and hallucination 3( 8.6)2 0 0
Speech disturbance 4(11.4)2b 0 0
Urination difficulty 3( 8.6)2b ] 0
Hypoesthenia 7(20.0)2 1(11.1) 1(0.9)
Asthenia in all four limbs 5(14.3)a 0 0
Arthralgia 9(25.7)2 2(11.1) 3(2.7
Myalgia in all four limbs 10(28.6)2 3(16.7) 4( 3.6)
Difficulty in writing 6(17.1)2 0 1(0.9)
Numbness in all four limbs 14(40,0)2> 1(5.6) 8(17.1)
Heavy feeling in lower limbs 4(11.4)2 0 0
Salivation 8(22.9)2 2(11.1) 8(17.1)
Behavioral change 7(20.0)2 1(5.6) 5(4.5)
Note ; 2 : p(0.05 compared between high signal and control groups
b : p{0.05 compared between high and normal signal groups
2 P.1(r=0.61), 93349 FE(r=0.59), I

JAFFo] FAE(r=0.42), AST(r=0.38), ALT
(r=0.33) 2 ¥F I7Hr=0.32)°]A03(p<0.01),
A3 2 2F9 J9EY A-dle 4G r=-
0.49 2 r=0.36224 fo% 29 Au@AE Y
EITH(p<0.01). 3 FEHA¢LE PLE 3a
EYPUFZE SFUNE ALY 2E Akz & 0
GAZ AR BF P 50.0 %, APYAHL
36.5 %< oI A98& Yehiin, EYPHsE
EEUNE A9 ZE W2 § § OGANAE
HoA 25 e 49.1 %, AYAYHL 36.5 %
9] fo) g A& Yehigick(Table 9).

AA g5 vF 45U 9L AW A7 =
e FYe A=Y 1 d=A4, %, FH 59
B3 444 7134 o8 FRe=E AR
a3y S A, 48 84 & gRA4 Afed
gzt FHeFAldie Wte Azl Ko 71A
o] FA|= 3hed, olv Wt ¥H- FY
€ 4A Baste 447 K9 FA2A FH9
B3ie] i 5EF W8 97 Aoz YEo
(Krieger %, 1995).

FFEL Couper(1837)d] 9J3) Moz B
¥ e 4wt Aune 28y 7L 43
Ao A2 B3to] Fre)BolqlA (catecholaminer-
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Table 6. Positive rates of clinical signs in subjects (No. (%))

Exposed group
Groups . 1 . N Control group
. High signa ormal signa =112

Signs (N=35) (N=18) (2
Masked face 2(5.7 0 0

Speech disorder 2(5.7 0 0
Intention tremor 4(11.4)2 1(5.6) 0
Resting tremor 1(2.9) 0 0
Palmo-mentle reflex 12(34.3)20 0 1( 0.9)
Myerson sign 11(31.4)80 1(5.6) 2(1.8)
Cogwheel rigidity 6(17.1)2 1(5.6) 0
Rombergs sign 2(5.7) 0 0
Dysdiadochokinesia 2(5.7) 0 0
Bradykinesis 1(2.9) 0 0

Gait disturbance 1(2.9 0 0
Postural instability 102.9 0 0
Hyperreflexia 4(11.4)2 0 1(0.9)
Micrographia 0 0 0

Snout reflex 1(2.9) 0 0
Dystonia 2(5.7 0 0
Paraesthesia 9(25.7)2 1(5.6) 0

Grip strength(kg)

Non-preferred 36.67+4.18 38.613.01 38.68+6.02
Preferred 39.5631+4.90 41.00+3.31 42.21£6.86

Note : @ : p{0.05 compared between high signal and control groups
b : p(0.05 compared between high and normal signal groups

Table 7. Mean value of Pallidal index

Exposed group
Groups - - : Control group
High signal Normal signal .
(N=10)
(N=35) (N=18)
Mean=S.D. 1.11%0.06 1.00+0.01 0.99+0.02

gic system)el] £4& Fo] AAd= Aoz 33

o} PER P AAEAEH FFPol 1AE
WiAe EHUAHPentschew 5, 1963: Neff
%. 1969: Bonilla¢} Diez-Ewald, 1974 Inoue
. 1975; Autissier %, 1982). 1 ¥ Yamada%
(1986)2 LbFoll A 2HF Z=2A 7AeH TAF
PAFE A i FHE B HelxHRy A
AT H7|AEe] @] 7B A% FEe) A
BAAE 24T el TR A, AR
ARAAR AR F2o] BFEEHI LW olgdx
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ulg8s e e ol Wil #REATI B
aske] ey 3 7)AE welev F89 @A
£ AF3A. =3 ShinotohF(1995) = Bzl
A2 MnCI2)E BHFARE Fo HAAY ¥F
A3t 8 A3 3o 2ARH 02 HI|AY
o] BT A% ARM TS 247 A3nFS

A3z, o2 YT Azte] 4L FFT) e
o Zoln 3ol o ¥ &4e] F #A(main
focus)e @72t 28 Wiglch ol o] o
1A B F &BFNE AN AL W
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Table 8. Correlation coefficients of selected variables in exposed group

Variable Pl WD Age BMn UMn Hb AST  ALT Cholesterol Symptom Sign GrSA
Pl 1
WD 0.61* 1
Age 0.08 0.2 1
B-Mn 0.54* 0.32* -002 1
U-Mn 0.44"* 0.15 0.00 051~ 1
Hb 0.07 020 -064 012 003 1
AST 020 033 001 -0.01 05 .02 1
ALT 0.13 0.38"™ 007 001 000 013 079" 1
Cholesterol €.25 0.01 019 014 -0.18 -0.05 -0.42* -0.3™ 1
Symptom 0.46" 059 023 028 -0.22 017 021 0.29° 0.02 1
Sign 0.39" 042* 023 026 012 008 004 0.13 .12 0.65" 1
GrSA 002 024 -3 010 009 -017 013 024 -0.10 -0.49* 036" 1
Note : * : p<0.05, *: p<0.01
WD : Working duration
B-Mn : Manganese concentration in blood
U-Mn : Manganese concentration in urine
GrSA : Grip strength in major hand
Table 9. Results of stepwise multiple regression analysis of pallidal index
Dependent variable  Independent variables B 8 Partial r* P-value
Pallidal index B-Mn 0.012 0.480 0.500 0.000
Duration 0.005 0.605 0.365 0.000
Pallidal index U-Mn 0.008 0.359 0.491 0.000
Duration 0.006 0.605 0.365 0,000

Note | B-Mn : Manganese concentration in blood
U-Mn : Manganese concentration in urine

3} FA3Yo] & A TPl o] Fet M ¥
7] 8l Re & Yyt (Newland 5, 1989).
ol ¥ A7 ZAEL FHH & W YFEe] WA
7188 W3te] A9 71AY FAHREQ oA (cau-
date nucleus), 3Z(putamen), B3 T(globus
pallidus), ~1/33}¥(subthalamic nucleus), |
o] ZA%FH (substantia nigra pars reticulata)
o &4& fEtn ol2d FAE K99 &4
=99 AR SAHdopaminergic projection) 2]
&7 2o FAE fdsld H&FIFTe] T
£ Aoz Ht}(Barbeau, 1984: Erikkson %
1992: Yamada %, 1986: Shinotoh %, 1995).
¥ 271299 TIA WA R o 2%
AE7F vyebd 4 sle AtEe M 35 (para-

magnetic metal)Ql ¥zt ojeje] A, Fe] Fe) 3
A3 TNF NANREE M3 58 & 5+ U
(Osborn, 1994; Montgomery, 1995). 22|\ &4}
F, AAAREZFT € A¥zs ARPIFHIe) &
o] v AeH tlgo] EMFH AFHRFTFLS
JdAFRezx 4A FER & U9 9Ny
(Wilson’s disease)= o] T2l Aoz §AH
22& 29 £ o ol f3A4 dAg Afe=
85 Felo Wiz € 8§54 Ud9 27e] B9y
314 vl Hallervorden—spatziE o] o]
A& o] ARG FdS vl 4 glent o] A#S
ARG FA4 A APez BN AT
2L FA Aol Fol JEld § ke HelA YA
ko AF & A7 dIREY nsA=Sde= T
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HEoh HA)FEEANA Grhe] AAd Aol 9
3 F2 o]¢hAZt ZA(T1 relaxation time short-
ening) ¢t W3kl HzAY Ex @ RGNS wot
3171 et dgoldl Fsbgte &Y 2 FUFA
sl H7|A e v, 9zt GAF, AR, F
¥ o nAIZ=s vepg g dEEen
(Newland %, 1987), 93193 5 mg/Kge] &%
oz FAuFAg wiey FFTe A 3eH (pitu-
itary gland)dll A E3=7} Yehin A3 $3&
Z7184E e udde 233 Err $3H
o] S BAE RS, FUFAL] w]shod
£ 94 2 A=Y Aole AT 13T ¥
e fFARIE YR Buslg ot (Newland 5, 1989).
olgigt Wxtel MAAL A uATA P U(total
parenteral nutrition)2 2 W3to] FH31E FAle]
A7 2GR TIAAE H71A8 2@ FHdA 124l
377t $AEAInoue F, 1975; Ejima %,
1992: Mirowitz %5, 1991). ]33 RaEd} B ¢
FRIAES T3 R FF, REESE, 28z 1
AZHRERY & 83 9 =5 We=EE 2H/E
FH B o & d7A vehd HAFHIYE
JollXe RNEAEE YIte] FA ] g AolEn
B4% 4 ik

Phed2 Qlsld QA9 AAA Y FiE dod
T A i §FL ol WIRA] ggten, 53
WHEo] BAShe 8RS WY ¥ 7I3Mdel
o & BHEA Adrc} gt delA IAT
FU e or FELY B}l =80 & By oy
o] JA& E&Yrt. a2} Chandra 5(1981)°]
0.31 mg/m’ ©]’3<} WHEol =29 609 4H=
2x0] g AN dz2FE Fol3A B2 AF
A ol daAE FURA LW, Rosenstock T
(1971)%E 0.14 mg/m’e) ¥& s%d] 1~35d7F =
29 IEAAN ARYFHA o] i) YEGE
Bt o2 ATEAAES vlFo] ¥ W AA
o A74d ¥ Ul e xdeEe
0.14~0.31 mg/m*® WYL F3E & U
(Rosenstock ¥, 1971; Whitlock ¥, 1966:
Tanaka$} Lieben, 1969: Cook %, 1974: Sano
T, 1982). ¥ 479 A5 AFRIAE F =&l
AT nFAZ ARG A[Y¥E 33487 8L
B A HEFEE(TWA)E 0.48 mg/m’SE
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SeuEl FEe =71 (e, 19919 1
mg/m’ oA, vl AP PAREIT Ple
BHEA 2 Fo] =278 (ACGIH, 1996)21 0.2
mg/m’Boe & =G, 1996'd ol@A7A vF
ARIANAEVE Heoldle YA x&27FEAE 5
mg/m’, HEFE =F7ENE 1 m/mE AR
(ACGIH, 1995), %olld AAIgE wie} o] w3
Az Phedd WE AR Fde ¢4 sbs
A W Eo) AR Aor AR 249
A4= WYl &3] o]FojA ol Aoz Y&
€}

Weddt Y3y HAaZe] gk ATellA
Suzuki 5(1973) ¥F W3t 32.7 #g/dL o]/3)
PAFAF S22 dE Q7oA dFEHA], 8
Az g G| Fe) 749 et R AST#e 3717}
FEEHNR, 8F Y 75 ug/L o] 2RAE]
Ae gquFa gA47F @38 FrE AT B
3512em Charles $(1979) % FE4E L B3l ¥
F Yexrt o4 s gL AP S
g3tz 3} Jonderko $(1971) 713 w3t
o] 0.4~15 mg/m'2 €5 W=7t 20 psg/dL
ol 49l WHEHFA T2AHEY g Aol ¥F
FY2HE, 83 XA, Axegd, ¥y e,
2, 83 AST 59 gto] Assisln 4o ¥
B4y 59 e FAaHJGn BaEe ey
¥ AFdMEe IAZRET] 784, AL,
ek, ZE, 3 FEU2HE, ¥ ASTE ALT
o] g 2T APEAUten giisxele] Alojd
= fog AudAs A ggicr, w3 AAE
5(1994)°] 715 ¥# ¥t%s=s) 0.60 mg/m* T
AT B S5 2EA ] UiF A7l ¥
g, "M, ¥A AST © ALTHE #+9& 37}
FEHA gkx, Y F(1991), AEE F
(1998)¢] AN = AT LANNE RT3
o7} |AER] Ysktin dho] APREZ ] Rle)
Aolg Holm k. ole WA YFEE
9] APA x| AR 719" Aeg YgdHed W
P7hed AL Bt B2 FEo Wik ki
o] T PiFEo 2 SHHUL Wl Ao
2% o8 717 ¥t & £= A& AL AAL
£ Aoz Jyzidd,

AL 5(1998) A EREs) e Vel



H2B|Al §HZ2A e ¥F wto] 2.3+0,7 pg/
dL, 83 W3] 2.6*1.5 pg/L, 73 EE S5(1998)
£ £322Ae] ¥F U3lo] 2.00+1.64 #g/dL, &
ZF Wzto] 4.18+£2.06 pg/LE Hudle] nMIAE
298] ¥ YHEE7} 5.60+2.56 pg/dL, 85 W3t
F=7F 6.31+3.90 /L8 BQ £ AFoM9] F=
7} D& E$Th ol Buchet(1976)9F Watanabe
5(1978)0] AAG Wt} x=Bo] Z1EXQ ¥F T
3t 5 pg/dL, 8% W3 5 pg/LEOE B2 $EOIN
o, fEve ERe] FAFRA (BN, 1994)
83 W2t 10 we/dL, 83 U3t 10 we/L Brke
22 FFolfltt. a8y Mena 5(1961)& €3 ¥
=7t AEAE RASeUE Bt UE
Eo] gt 343 F37 Jehe e A4
PN 23] EF WE=rt A4E 8 Hu
3l91, Hanafusa 5(1989) M4 420
A B BNEFTFEE B ¥F P 1.9 xg/
dL, 8% e 1.0 pug/Lel B3l 4559
A o]& F Tt HIEHYL AAeT. &
ATFAME HUNEFFET] 4lse 2718 Bl 2
ge] 22a &% 8% YeEE 5 ug/L °l8 Ao
Y, I F 19 8% PAEES 5 pg/dL °l5te
Aezg JE WY F(199=E 499 %
AFE FAZE AT PTG UG gAY
A 713 93H5E 0.3~3.33 mg/m’e] =& %)
A 2R 174 O§ 2AMEH ¥3 R 8F W}
TES QA5 $ ¥ A ENe Fo UA
€ ZollE 4 fiokn 9ith. A7 Addle %R A
AR AT E AT E NI E7) gEE
B 2EAF ¥F ¢ 8F Wt = v
gl =BR FYFIA (=T, 19998 ZFshe
SEA}L 242 273 39l EEiiS Wet ohw)
H w3 AFxRl ¥F U3 5 pg/dL, 8F WL 5
#g/L 018te] SEANME zhzt 41,4% R 44.8%9
Hwd e Uk aMNEREs) BALRH F=3
B AFRIAES] ¥F 2 8F Wtexs 44T
4 R %] FYEINE Fog FadAs} #F
HA @& AeE Hol o]F ¥F ¥ 8F Wk
€ A =2XEE Jo} Ad, NERQH Ee dF
o] #dd] gR37lde o Aoz g,
BAFES 34 L 539 A= w 2A 37
2 FEE ¢ A4 171e ZAAA dHe] AR

SYUZEX A HaE TMSZTol A 9|9

e ATVIZ v2, AAdY, 223, FF,
ARFEE, 29, A&RR, AyE, FéH,
7719, 89, 4434 F9] 793R v G|y F
o] s, ole ko] Fxd wal Friddl
Al d Ateld] RAYF & gl 7)e FWNE 1
718] 4R FA4o] 3= AT tjio] FA92A
3ol HAEAT. & 3], 2EAd}, FPLY,
TN T FH7E HAAle A 2L A3
371 JeEe AAFYo2E o|AEE Fol W
Wi Jehdd. 37 12 SR A 2
A3 A FF o8] FEAR NG, A FF
2y 2URYAC F 47, AvEY 24, By
2ol BEAl, AN (E=R), WA, ARAL F
7, 255, o7z, 471%3N 59 ul7rgAQ
A3 &3 WG 37 Jepe FAed
o2 B, e, Ais, 3E 84
%o| BA€}(Clayton, 1994; Mena 5, 1967;
WHO, 1981: Rom, 1983). E& <& 7A& o
& WAFFe FHol Yehde AET P HLS
TR & FRA T B9 NI FEeG Y
EZ4E FFF dFE AWEYH, Newland ¥
(1987)& zoldl] uig AFAFA Frjzle
%oldl 5~10 mg/Kgel Ft& F3 F H71A9
o] T nAZAET BAEHY ol2E Yo
HEle vebde] #EEden, & 30~40 mg/Kg
9] & FYF Foe EFWA(movement
tremor)& #&3CE Pujol $(1993)& w4 3t
A3z E HA71FEG G BT nAIZR
=7t BFE 7799 A R AR AAldA
57 9] gAlolA PHFFe A 34U PBAE
27& #FRNoH 1879 FAA g=AE
#F39 . Spahr 5(1996)2 @37 Yehd 2
As7tze] AREA Qug velsty] §Jdid 579
o] 21733t FAte tiEt] HAIFHIL #9, A
A8AH Fgo A Hrt 2 AAFNEH AAE
AP A3 88 %9 VAN @3 nAZARE
7} BN, A, B, YA T FAg=
373l U@ Columbia scale®] BAATE BF &
7o, A, B ¥ §#oz pAE AR

FRAAAN FAFY $£YHAL Ae 78.2+
46.0%, 4¥AAI Bt 214+11422 Y279
38.9+£13.5% 2 83.9+31.8&0] vlald R-2l3A
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Z718 248 B9} Krieger 5(1995)2 743y
Zog Qg HrIAYd nATHREr} #EE 84
1099 ol AFolA Wzte] AAERTY IHF
49 fAMGOl disl g pEe F & /A
T BAEY] AN T e T Who] FFS
a3 £ IS AARIYZ, Mirowitz 5(1991)2
BT AN Es} BAEG ok A wAF
A JFE AT 97 FApA PAFHI F-
B Mgty F4g 2 ¥ 59S Eaqit
=% Nelson 5(1993)2 2583 4&F(11~14 %
g2t el =dE F2RSF ol ZLHT 199A
2713 H DS TIoA FF 71 @7 3
AZA=E FA¥H oty AAF, 719¥ A,
AR Azt YA Atar, B, Ao 52
Y55 Aol YEEES Budtd g3 1
AZZ}=g 12T 458 € FF9 #Ao] s
stk e, ¥ dFdAx aiEREs)
d 83FY SEASY 9IFE 2 FFY HEe
o] AJANZA=TH 2T YAET H FHRM
Eol ATy aAZREr AAFTY R FFA=
JEg5 vAchke 99 7 AHEHG dXHe FY
< eI EF 2 AFoA vnd RleF
F29 274 vEhg F e KPR g
Palmo-mentle reflex$} Myerson sign®] ¥4&
(Fahn, 1995)¢] A &A=welr 242zt 34.3 %
9 31.4 %2 2AMEZ 7P A v A
A BAFEY SR AIFA JMEG 2, Ao
Ao, A AA, SO X AT NHEES
Z, BFA3, BYPF, EAFAA, Snout
reflex, ©3% o] §°] RAZHA=FAX T #F
2 AL FAFY nNFAEI YFEY] APy
433 #8471 9SS B3g Shinotoh $(1995)9]
A7Aztel A3 2HE 274 Aoz Jyhd,
YFE oJF ZYAFAAL AARAZTFY] £
Fol o3t F719 AFHE FHLE & AT
A AR ETY e AN dERT
o Hlsld FAFHCE Fo¥ Axe At B
A ¥stn, @A, 2749, ¥5 ¢ 83 ¢
A= Fof FEEAZ dEHRA] Fkont
A3FE L 5F9 FPEDE FAT 29 FH
A EAEJG Y 5019919 WFE &
A7 AT GAENF G dF JEAlIME
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T2ALES G feF A7t EHA ggkar,
A4 5(1994)9] WA TN S5 22
A g AFME B2 M foF o
g Ashe FAHA Gol & A7 dnet 22 ¢
< Ve EE & AFA 445 2 5%
o] JAET FYtol FeF Ao FA|AI R
g AL Fujae Aol s}, ol AT d}
t U223 ozte] #dAgd Ug A =8
3, A Mg =9sir 28w J, o
gE Zsterle dhdA A e s49 33 24
oju} wie] zlojo oFiME W& W3yt Jeld
F ke A, 34 2 T 294 vRe 4%
A@sE7] el F 5L uEY 139 4HE
3 A3 2 AAE HrHe] 3 XER o8I RT}
e N9 FAZAL oJF 9] wslE ENse
Re] ¢ vl Hog wady),

Roels(1987)2 ¥3 Wile:e Al 2332,
8% YeEre @7Ie =2%E delsted #
g3} ol F2 Fdel Y =2 EE {831
AQALANE =29 el 2oz A&
. zeu, 3734 38 31 wrle
54958 260Y Alel2 g4 9lew (Newland
5, 1987) 53], 24Tl H3}E YL =E2FA
180 o]F ol HA7]|FH I FNAN AT EI}
#agoin ¥t Montgomery, 1995). whebA
a7 g gl o #Ee SFTATE =E2F
I} =24 F30 ¥F 2 8F YUEE 2o}
EolAQ EAAVL B F ASE F530 B & Uk
£ Aol @87 Aee P B AUH
A BN A5 85 9 ¥ 8.F YExle)
FBAT7F 42 0.564 @ 0. 442 F9 g 3B@A7LT
AL, o)+ Krieger $(1995)% Spahr ¥
(1996)9] 7stE A HA| FHPGLA A
TN DFTRFL 45 PHeetd ALt
1z} 0.8 R 0.54%2 #ojg FAFAN} A= @
FAzel XAy, AEE 5(1998) AT
(1998)¢] A+ ¥F Wzuto] 9u|de FaTA
£ Hof Fo] B Ay YxHA gt 3 £
Aol Wit #HE Y35 € 259 SAHE
I SR e FEAA BMA fF A
#A7 JebtEd, ol @37 2AEREI} 3
55 Aol AR ] 3o AHRE & AU



£t BAA2AS oort Uchd, PIFFA e
g & Qleds B8t F2 vl a0
AFE o] AHE]) HE dAFeIY FFEE G4
A3s $a% 4270 8 F Qo A& A F
7] W gog i 2EAEEL FHY A4
de dAFE L T3 dEME M52 dHE
71&cjolet Ao2 Az},

Wy WRtERog =] Ao 2rld WbF
5& Addte R A7t oHh. dustE ofx 7t
Ae Bedol A F42A YA EA A (biologi-
cal indicators)tt 437AL &) B YA
S& Wy ollg U)|AGH WY xF A T
& AU REFE 28] A8 A AAjstn QL
t 8% 8% ¥ 59 Wk AHE A A
&% uis} go] ol AMAIRI} AUx H[Fo4d
ol AENA 27FEA] T AWV|Ee g
AFAE B2 @] W] wiEelt}. wely
Z7)d WNFEL Ad3] 9 e Fix=E: 2
2R g F713QA ¥F ¢ 8F Wexd &
A3} o] dAFE 2 S50 AT wEAHelnw
A&l FAPALE Algsof At o] gz ¥
oA velhd uie} o] HzZIFHD ] #F
2 Hr\AHY aNFREs} AYe Id4E 29}
H A PAFEY o) HrAY =Rl £4
Ao &4& JA% AFH A} (Cuesta de Di Zio,
1995)9} SPECT(Single Photon Emission
Computerized Tomography)& °]43ld 713
o] #F7 FAE AE By AFAF(LIll,
1994) 52 x8js) & o HA|FHI94E 213
o @ =7EA AMY & USAE AFSA A
Es] Holof ¥ Aojt}, 13y ol& M WA
HAAY & FH 9 PP o] mEFET UH
o "Xe 4ES Bt 3] vl A% B
FHAE A&AQ A, AT, =
A, EAYERH, YA A7 °o|F
o|Aok & oz Ytec.

2 %
85 : Q%/olagd 22 HAFH Il

A g2 AT NIA=st Ad 933 99
st AL =FAE2AY AMg7FedE HetstnA

BUTEX A DEE DNSHEe| HYH 2|9

£ Ad7E FPsrh

gy o xe3EQ A%/e1E SRR Bt 2R
A 5393 WL AMERA g A FAlshe
dA gz 224 11298 e ARV FEY
A8, P o AE2AL, WeFA T
R AAE, ol3d L NARA AL, ASHEA PAL
€ Agsta, ol Hap|FHE A #dE
AZA=E AFs7) 98 B F2 #H
H2eze] el @3 (globus pallidus)e] 437
o g FRTFAFE A&

2 47 /1a43 AASE2A 5339 KA
FYGRNA BT aNEAEr B 223}
£ 35%(66.3 %)olen Ha Y7L 13.23
+6.67322 wAIFEr BAHA G ISR
Aol B Y71 3.17+1.104 B} §-93HA
A9t ANERErt ddd 22Ae 3 2 8
Z WP 42 5.60+2.56 we/dL 9} 6.31+
3.90 wg/LE SVl 83 ¥ 8F Wt AR
X E 2IA e gkoyd DAEZZRES} BEAHR|
e A=A 2.60+1.35 w/dL ¥ 2.96%
1.65 w/LEths #o3td & &g Jepidh.
DT AQ7AY, €5 R 2.F Wk, 2
A3 A FEE 93E € I3 Y ¥EF
o e ARBAE By, 2 EF L 8
F Ybrxe} 435G 9 FF9 FHELdE #
o FBHA7F JER] Fstch

HE  HA|FHI AN dEE 2T 1Al
IAEE YA ERA BT opg} 27l @
AFES gAY 49 & FHere /-8
T 270l € F U Ao A= olo] tisiiA
€ $F A&AQ Bg A7) s9Ent

Anzd

e, BE, &34, WER, oldE. 9 £4FY
H A7) 2GR EG ) VERE 3BT gu], o
T4kl o] 32 z] 1998:10(1):41-52

A7, SEver Pzt 22 sl A)E9Yead
4, w4te] 9@ 22Ae] A7, dFrAATd.
1997. 11.20:105-116

AA 4, 98z, Y, G, 9% UAHF 2279
gEZ P A0 BF A7 AFAG A
1994:6(1):98-112
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