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Factors Associated with Psychoneurobehaviral Outcomes
in Workers Exposed to Manganese

Kyoo Sang Kim'!, Yangho Kim', Youngwoo Jin', Euna Kim',
Jeong Sun Yang', Kwi-Ryun Kwon®, Jae-Woo Kim’,
Jaehoon Roh*, Young Hahn Moon'

Industrial Safety and Health Research Institute, KISCO'
Department of Radiology, Handong University Sunlin Presbyterian Hospital’
Department of Neurology. Dong-A University Hospital®
Department of Preventive Medicine, Yonsei University'

The risk posed to human health by environmental manganese (Mn) exposure is
unknown. The purpose of this study is to establish if subclinical effects related to Mn
exposure and examine the factors influencing psychoneurobehaviral outcomes of Mn
exposed workers.

This study involved 121 male workers of welding, alloy furnace, and manufacturing of
welding stick. Study investigations include: a questionnaire covering demographic charac-
teristics, job and exposure history and medical symptoms and conditions, monitoring
workplace air for personal exposure to respirable and inhalable manganese, analysis of
blood and urine samples, psychoneurobehaviral test(neurcbehaviral core test battery
(NCTB), signal change on magnetic resonance imaging (MRI) scans, minimental state and
neurological examination).

The main results of this study were as follows:

1. Preliminary results showed that, with increasing manganese exposure, neurobehavi-
ral performance was poorer and signal change on MRI scans increased.

2. The resuits of examination revealed significant relations on psychoneurobehaviral out-
comes (neurobehaviral performance, signal change on MRI scans, and neurological features).

3. In multiple regression, age and educational status as demographic variables and
exposure level were significantly related to neurobehaviral test. Also exposure level and
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serum Mn concentrations were positively related to signal change on MRI scans and neu-
rological features affected by Mn on the brain (signal change).

4. Psychoneurobehaviral outcomes from Mn exposure were related to neurobehaviral
performance, signal change on MRI scans, neurological features and profile of mood
states (POMS), and influnced positively with age, alcohol and smoking history, and dura-
tion of Mn exposure, negatively with educational status.

Serum Mn concentrations in combination with brain MRI scans, and perhaps a battery
of neurobehaviral tests, appear to be the best way to monitor excessive exposure to Mn.
These results are consistent with our knowledge on Mn action on the brain and are simi-
lar to the type of neurobehaviral dysfunction. They suggest that there may be age, edu-
cational status, and life style (alcohol and drinking history) differences with chronic envi-
ronmental exposure. These findings suggest further evaluation, particularly on relation-

ships between Mn exposure, aging, and susceptibility factors.

Key words : Manganese, Psychoneurobehaviral Test, Risk Factors

M B

e sluale] Bagxjr] 41 e F&Ho
2, FE AQA gF EAste old3Mdit
(MnO,) 3Hl9 3}§EA F&34 Bt FtY
90% € AAAPANA ALLHT, olddx ¥HFS
Tl AHeH e 4ty f=e v F2 83
Bo| AAd] AMSEW, AAR] Az, HPALF
F 4g Azex ol g¥ct, EJ IS L
Ao wupAlz, f9 AHe EWA, a4,
719 A, v gAZzd AHEHEY W {719
Age Fe AV, WAAAA, = A7
2 ojg-¥t}t (WHO, 1986).

Wzl o ARAHE F2 WA FEd g
ZYHed A& FAMG 288 Ve, 2
7] FRoge A&YA ¥2i 5%, 7Y F
B4, R, 199 € JFHFN, Y, 3
A7Zd, 4z v} 5% o 4 ¥ AFA
Yeldz, F50] AP A5 2% FAHAA, At
A B AA, Ao, & W Fo] o8 &
2lE @4 (propulsion), A4l EFg, 47t HA
ZolA) = @4 (micrographia) ¥ &7kl Al&d)
A7t oA ¥H(Clayton® Clayton, 1981). =
o] Vehd TRA A IhlE =28 FAATE
Yy} ZAL TAHAT o] & HPFof& A&
e 84 9AFEFY Fle 973 979
A% 194718 GFoA Hz9 55 Ae7l Bag

ow, "R 253l 2R AF 2%90A
1 25%9 gale SAEE Rusln Ui Whit-
lock, 1966: Tanaka®} Lieben, 1969; Cook &,
1974). SalvAdE 19899 B3 B4 g
Ao WUt & AF(FY F. 1991), 1993
d XyAle] PEAERAAN) G 22A9 A4 2
228 dAeR & 4T S(FHAE 5, 1994 93
£ 5, 1995)°] Ui, EFAYGoA LHFoNA
AR YFES 189 FFEd 9 eF
7 188 F9F T, 1996 FdF 5. 1997
Ak, a8y o B9 9wy slEFFTa Uzt
59 e F2 d4d 2747 B x=E2Yd
ojEgo] grov} AR EFFF0] BAH R P
k&2He ARA 24 Apde 2 Edge
H& olgi YA}, old HAXZ F(1997)°] FAFH
o] NEHAA LHFAAY FANEEETEY
(positron emission tomography, PET) A#&
Bng b v}

ARZHE HrE] A% PHege HdEAE
ol 43 FAXAPIYE AR PEHAN, an VA
Axsgs, FEAY, HEziA 22 73823 AL
2 AFE|E2EY (computed tomography, CT)
ol\} A7) ¢ Y4 (magnetic resonance imag-
ing, MRI) 5% ©] 8% WA e JAZAL S
At AEAE o] 837 RAle @AM &4A o]
£o] 7bFsdtn IxdE APTIA /L7 AEHAL
wog AAHR e (WHO, 1985), tHE3
Fo3oln| FAY WAFH] HA Y] A&
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of Fo] ojytte AV Uk AAPFHAR=
AgolA o]fe] 7hsstan HlmA Z@AHoln =)
W) 83kt sted 19709UFE fPE& 4o
2 A3EEae] xS o NAG] o
A grpyez drHo 23 Ak(Baker ¥,
1985). °olF ttaq FAAPPH S FYstn Zarzte)
ARG Je ARE duA 19839 AARANTF
(World Health Organization, WHO)$} =)= At
AHARAAT A (National Institute for Occu-
pational Safety and Health, NIOSH) ¥H3}
o] WHO-Neurobehaviral core test battery
(WHO-NCTB)7F A9 ew(WHO, 1985), ¢
F €& 4750 M=ol gt e o3 A
ARFAM e ATE Ve AeEe 4%, ¥§Y,
AR AAE e, &5, ¥4 2 9E 5 U g
AAEo] 1o} ©]E W49] FAlgle] HAF AeS
g wdhe AL AdsA] X3 (WHO, 1985),
A7ZRYFeA Asle YA E urt Qe A1A
A A duaEE FE F 3le 7hl WA
' =@ Bk zln ARAAHAN B A
Ale @A o)A Tt 58 WHHel gle 7w
o] shwdtn @AM Al o]FoA £ fle
A7} e mulg-o A7t o

AW P UEE AEEA € 3 58 W)
ARV FYFAE JYAHo 2 o] 32 ZA o
A= o] YFEe WiAE FAL4Fdn A
o (Ericksson &, 1992), °l23 ¥ Hzt&7
< G3te] A ARz A HAFE 9 &
A% T1 ZZGZ(TIWDAAN 3AZH=2 ol
oAy ole} FAF A AFZEHYY} HaE
3 oh(Newland®t Weiss, 1992: 1997; 4@%
5, A® F, 1997 94, 1997, a2 o)y
T AL W wjdoe] AdtE TARA A 2
7Aoo AP NRE T AN 33
BoeA EAa=En, I APz G =&
He 2229 3lolA HA Y 9 23% ¥
A E-(basal ganglia)d] RAEZAE7 #3dEY 2
AZRE7} ST He WEHHE gnjdie A
A FL F3A7 e 27] 2AQA Y] #3lo
FE 4771 o] 7R up7l gl

meh] £ A7e dEA WL =& 45T &
A, AY, JUNE Az Y 22AE Qe

AA¥B 3T YERH 2UEYS ¢ W =
2 44 R ¥ =2%2 9rhta, o9 x&=
AT AR ST AF 2 AAYEEH AA
ZA7E Hristaa g of 479 TARA &
A A, P =23 FA - AHYTHAL A3zt
o FAE wen, A, BN - AFYTHA AR
o 9L A& 89E gl Aol

AT L Y
1. pigrchat

o] AT e Wto] ITHE WRE A
AEFE AXIAY AFE HAFshke A3 EFY
g Az 1A A=t AZGA &, =7
TZE ARYA A, 2HLA] INELE ¥ E3o
WEE A-GIA A L SHE A=A &
T 1070 JA o] 253 S2RE ez 2AMEL
Aot AT A= F 12190012t

2. Ay

o] ATe W k&M BAF AZ AP 2
ZAE ez A - AAYPTFE YUl ¢siod
2] 9%, u% F 4783 493 35, §
5 37y 54, AgEs g8 2 E
B AL, AP} S Ao 7127 93t
& AR ¥ 9 8F 493 5o AEYH myE
g ZARE Ao, FHA - ARP54H o)
EFEE AEXE o437 AGFTARAL, o|FHA
AAL, AAZREE T AP FHAAHWHO-
NCTB), HANFHEd A4 2 33y Ad&
S L

HFEEe AL =& A BE 7Yl o) &
A, AY, 238 Az I =& FAAAS} vyt
#A YAz QL ApRF oz Beslgn. 3 & e
o2AY] AF AR i), TR (EAE, A
¥, $38AR), 34 55 neldd /Y Al 2
BE Y Ee 132 U F ol&8 ACGIH
7 3 E%5% 0.2 mg/m2] Action level(50 % %)
ol e =27¢FH 22AE AxEF, 0.1 mg/nr
A AEFAR] 0.01 mg/me o] =&FHE Y
23 22AE AxEE, AEYA o8 HxEE
o2 ¥Hid =238 Yrisigoh
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AZtEg AE FEL AN 4902 J1Ee] B
L 53l 9 ¥R S0 88N S F3lo
S84, B, AAA, JAFYAS ST R
FASAHAD - T, 1999).

A7 AL A3 AE 1914 o8
&8 oA 249 1A, 28334, EEA (bra-
dykinesia), AAERFF, FE(arm swing) 5
S 47 AFEa, NAA o A¥xe A, T
S48, $EEA, AAENY, B5d € BIPF]
ZF s Jdowl Fgoz, x glowl &
oz grlsigrl

AAYFRE HAle AARQAZFAA AEg
WHO-NCTBe] 77H] 53 E4%, deuks
A1z, EERAEAY, AR, oAREE, A7
o, EFARI) Y &rgFser] JAHE WHO-
NCTB(1986)9] XFhz Algste] 3iaigict,
AREATE A Jug AYdte F4AIR €
6571e] E¥22 TAH] ew, ol Felud
ool LA HHF] 95t BAMEY Yo R WYy
Hoj Ak (EY4, 1997). 6571 B T A4l
(714—E<¢Htension-anxiety), $-2—49](depres-
sion-dejection), ¥Xx-&ul (anger-hostility), &
71(vigor), MZ(fatigue), &= (confusion), I
ZtH(friendliness)) & &3 =5 TS Ut

oA AAYS AW AR HALR
G, VIGEE |, F4IF LAY, Y93
A R o] & e & oA} 190e] 223} 19
¥ HHE B3 Al 2 498 Jetie
w, FHL T Fusto AL,

A7) 2598 AAE 1.0 Tesla(Picker Vista,
USA) 2157158 o83l Iz Algd 29
d=2 TI(TR/TE, 600/16)% T2(TR/TE, 2200/
80) 7A=97¢-& 256%256~224 x 256 matrix size,
22ecm FOV, 6 mn slice thickness, 0.5 mm inter-
slice gap Z8l3 2NEXZ2 died 24574 94
< 4A gsith, AR FHAS 248 T1 2=x9
golA HYE g AT B3, £4, v,
A, H3kpAl 2 axe] AIREE FY dHe
AFE A 9 ygo] Na7twe} vlmsle F7gt
A4 RAZRE Je AR Bl

3. SAIEH B4 WY

234, P 2 $HE A2 ARF T
b B 1040 AR 2229 4 - AR FEEH
ZAL Aol i oA £4E 8] fEA 1d
AdAe ARF 2 T2A9 AYPeE =22 97t
3] xd Fxd wE B4 -ARFYF FIH A
AFe] BAEN 9 wAEA-E AASHT

2eAZ AA - A5G AL Ao AT
o] FAE A¥ Ry A3 FAEAE AAEAT
AHENE 53 AN - AAYFRH AL A
A7 28E 2&stuxt .

AR FA - AR FF 2A Aol YIS
e MEE ol fi3ld SYPdsR 223
9] A73rA BA, 249y € AHF 54 AHE
stglow, EH5WULE U Bl A5, ol
AZRAAL, NAPFHAAY, HX7|FEEY 289 A
A AF 238 AT PR =3P EE 1
&7, AxET, HE2FOE olE Huldfs
Helslant. o] 394 ENde =Pz we f
%t AAYFHAL, HA|FHYY 24 R VA
A ol AZE FHASFE dlo IHAEAL QA8
R, 948 FEUFE F Ad BN £ U= F
THTENE AAEA

ATal

AT ddAte] At E4E AWEY, 1xg
T, Axdd 9 HxeET £o2 i Yole &
Z} 43.45A4), 41.224], 41,914, #HT 247302
9.419d, 10,964, 12.86Y3, HT o&7|NL
15.45d, 13.13d, 15.2349, 43 #AH (Y F
AZ1re 13.539, 6.359, 0.914, &F9Y
(packyears)< 14.20, 13.57, 11.68, 58 (2
F 2% -d/F)e 24.95, 26.39, 21.910]1%1¢},
&7k G BE AY FAIRE] QoM T
ol BAALZ o AolE BArh Al £
o vindy 4% i AgelEd Y .F
B FAACR {3 AolE Holxe &gttt
(Table 1).

&R xe wE A - ABYPFHAHAZLSAE,
Lol AHAL, AAYFHA, HAAVFHIY &
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Table 1. ZAkEe] dwa 54

5 3 22T (n=76) Ax=EF(n=23) H &7 (n=22) p-value
vol (A]) 43.45(7.23) 41.22(8.06) 41,91(8.61) .405
E71ZHQ) 9.41(2.30) 10.96(2.75) 12.86(3.27) .000
2£713HQ) 15.45(6.20) 13.13(4.89) 15.23(8.68) .323
PHEA FHH7(Q) 13.53(7.47) 6.35(7.12) 0.91(2.76) .000
&9 (packyears) 14.20(11.09) 13.57(9.99) 11.68(11.66) .641
39" 24.95(34.58) 26.39(36.52) 21.91(27.22) .900
43 F(ue/dL)! 1.43(0.56) 1.27(0.34) 1.19(0.35) .080
Aoleld B4 8% ¥1t(us/g Cr)’ 1.21(1.19) 1.11(1.02) 0.78(0.76) .269

* @ (EF 2& - 4/F)
# 718 I (7St EEHA)

A, AR%H AF 27)9 AolE Byt AAH
o2 ALFE, WelBAFAA, AABYFAA
(WHO-NCTB) & Z33u=x, 434 A% &
AqA A 318 FeiF Je7t g o, &
AR7l, AR5, SRR ($A FEA 4
9] A1), &/FRF =7 (AFE Re £)6A e
22, AxET, HXxFIFOE =E3Y5Q] i
el 3 o] I T #AT AolE
BA%(p<.05). F, =& F71d & AAFYPYEH
AHEel 38 Tl feldtA Fasgivh Yol
L7 AT fodLe ARz dlel &7t

FE7](AF 25 &AM Vet (p<.05)
(Table 2).

A - ARYFHA AT BEE A5 o]
YL & F U SHUAFTY Y BHS A
ARt Ak, A4 3 ARYFHAS PSR
ArE Afstne SHASFY FoF AWAYS
Byt ol A e FoF © AAte] w87
3 B3, 4FFHSe 949e Bgen, )
3L olot AL BAY. ABYFAHAL
' U], 2517, 458, =33x, 930 3
2494712, F4Y {3 Q3RS Hola S
71 e A4EE9E BAT. &, vol7t &S,
o473t A4E, YA 2FE5E, Yt 2
=2TUSE, I B APl A4S, F4
go] AFE AAYFAA 7Y FYo] WolXe &
Ag BEAot, HAZFEIY 22L Y], 87
3t AR, =33s 9 8- A3, EF
U o AdAel IR, VA AT &

A% ol AAZEE vo], w83t FAYI L3¢
3} Folg 84S BAHTable 3).

A - ARYEHA ARF ARYFHAE T
L2 @ SATYNA GEiSAI &8y
AR E oA FEsle SPAFE e
U, 2A471F ded7le F3HN w87)3te] A
$E A7t T e, AFENE Hed T
o Hlgl AxETdM 2§73l AFE, FAYo]
HETE ARZ] 3 FYo| FUlsldm, Al
7197349 8 8L @870 AFLE, B3
AZ7] F3 FELE Yolrt ALFE, :§7|Lo
AFE F7MIAeH, &rEREYr]e 2873t
A4E, =25 1xd, AxZE:, HxE2Fo=
=% Zthd e, HA|FEIY 235 25T
=7t JeERA] L ARAAE Bl AL 43
o] FI7IIAT. ERNSe Aol £ARD
3l, 8RR, &R ERY], <AY7], A7)
o, &I A), SEWSAIZY] £oBA LAl
338 F5U5E § A7) 56.9 %= Y e
A98E H3lrH(Table 4).

HAANZFHIR 224 INEREY] F5E 24
HEZ § B 28HEN S 53 4 938
Qo] wau|g g Au 2T 22T 4
g ax&F)el mAMZE 20.346(95% CI-=1.889-
219.115), ¥ 93]l w7} 3.263(95 %
CI=1.133-9.398) 2.2 HA|3H 4 2448 34
37z W d¥edez foF WLAT
(Table 5).

A73A AF A8 o]} AFY FFE F45W
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Table 2. =& o ©& FA - AR YFHAL 43 H¥lw

AANAPFAA A Me&(n=76) AxET(n=23) H =27 (n=22) p-value
Az53
284 2.49(3.01) 2.48(2.87) 2.05(2.57) .815
2437 0.95(1.36) 0.70(1.06) 0.91(1.34) .19
Bet 1.11(1.80) 0.96(1.40) 0.82(1.53) .763
AZ9YA3} 1.76(1.81) 1.57(1.93) 2.05(1,89) .681
ANZTIRS 11.78(10.30) 10.91(3.07) 10.45(8.51) .830
AR}
Add 9.97(0.16) 9.96(0.21) 9.95(0.21) .867
R 3.00(0.00) 3.00(0.00) 2.95(0.21) .105
FAAZ 9 A% 3.66(1.18) 3.57(1.31) 3.95(1.05) .497
719314 2.55(0.55) 2.52(0.67) 2.41(0.67) .610
o] @ g 8.88(0.33) 8.87(0.34) 8.95(0.21) .582
%3 28.07(1.52) 27.91(1.83) 28.23(1.57) .803
AR YZHA
AFa=
A-Eet 10.62(7.26) 10.35(6.79) 9.95(7.13) .927
849 17.43(9.73 15.00(9.15) 14.45(8.30) .308
B2 16.58(9.40) 16.87(8.24) 15.32(8.77). .818
7 15.55(4.28) 15.26(4.64) 17.32(4.53) .205
= 13.26(5.33) 14.39(4.95) 12.23(5.69) .397
EE 7.12(4.70) 6.70(5.20) 5.90(4.51) .574
294z 15.92(4.01) 16.52(4.15) 16.91(3.73) .546
24 49.46(33.58) 48.04(33.87) 40.55(33.52) .549
GEURS AR kg A 3H 293.54(49.26) 304.26(52.00) 282,77(44.35) .342
(msec) -EZWA 69.86(36.44) 66.48(25.87) 66.41(45.25) .884
&ENAL-F 2 & 41.83(7.32) 44.17(6.28) 44.14(5.38) .198
- 2 g & 39.42(7.45) 40, 35(6.90) 40.86(4.99) .648
A7 -A e 6.11(2.27) 7.00(2.52) 7.55(2.56) .028
-9 ¢ely 4.28(1.73) - 4.26(1.36) 5.32(2.36) .051
-4 10.38(3.50) 11.26(3.31) 12.86(4.59) .022
AR5} 43.32(15.48) 46.09(15.44) 60.45(15.59) .000*
A7 7.43(1.70) 7.26(1.71) 8.18(1.62) .133
EARH-2e § 158.37(41.42) 165.70(35.42) 184.59(43.33) .032
Ed & 21.64(20.69) 14.39(16.53) 16.05(11.61) .181
i 178.70(39.86) 179.70(32.10) 200.55(44.98) .072
ENAFEYN-AF 2E & 61.30(6.35) 61.58(7.20) 67.39(7.35) .001*
25 24 Fe & 56.81(6.30) 58.45(6.79) 60.08(7.12) .104
A7) 2 2 38(50.0) 3(13.0) 1(4.5) .000
NHEA A
A4 4(5.3) 2(8.7) 1(4.5) .796
874 5(6.6) 1(4.3) 14.5) .888
EF e 1(4.3) 117
AN ety 1(1.3) .142
AZeA o)} xS 10(13.2) 5(21.7) 2(9.1) 444
* . Uolgt mR7|t AT BAA {44, p(.01 # o WNE(%) t o INIRE A

$ 1 AA, S5, S5, AAELY, B R 2P F shEE e BY
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Table 8. A4l - AR FHA Aol UL viA e 293 A} BN YV ¥4

N . - N . Tt ¥r 83
g % T a e wa o3s g Fod FE o ap
A2 ,
247 075  -084 021 106 .052  .074  .131  .097 -.069 -.017
A3A 010 .007 .054 005 .031 .09 .04  .060 -.099 .072
B -061 .057 -.006 .035 .068  .070 .04l  .037 -.042 -.119
AZYAs} 052 -010 .090 -048 -.040 .135 119  .115 -.100 -.042
ANZPAS -014 .000 .028 .053 .05 .105 .117  .075 -.094 -.013
ol F A :
Ay -152 .134 -.001 -072 .046 ~-019 -079 .091  .005  .043
Jss 140 -036  .169 .07 -120 .067 .047  .0M4
z33 ® AN -.072 . -076 -120 -075 -.113  .000  .007
HELEY -1  .055 .087 -051 -.024 .053 -.023 .000
Ao} R @ty 006 -135 -075 .007 -120 .024  .048 -.004
23 -.096 -024 ~-104 -105 -.046 .004 -008
ANBYEFAA
AREAE
ARt -148 .083 -.026 .004 .03  .057 -.08 -.013 -.063  .049
$-g-Ae -053 -023 .068 .120 .135  .153 -013  .047 -.045 -033
By -168 065 -.008 .091  .044  .076 -.087 083 -100 -033
o -143 (A280% -o064 -127 -128 -085 -.133 AN .033  .066
Mg -.153 063 -.007 .100 .043 044  -.066 -.074  -.020
EE -.059 053 140  .096  .147  .041 -017 -.014
AUz 144 -036 -.139 -100 ~135 172 % 021 .04l
23 -.105 026 111 094  .115 -032 .069 -.072 -022
@21z (msec)
B ergAIzt 010  .028  .050  .158 079 -012 122
EEWR 012 091 042  .122 03 -110  -.028
+71ERIE4
3 re e ~128 -058  .091
A& 2A ge &
LAk
Ader)
¢
23
LA E3}
Az
22357
ste 4
B £
2%
&7EFELr]
AF 2 &

AF 24 e &
A7) g3 &A1
AREA A% 42

A4 W28 -151 160 -.008 -.006
2873 162 -.151 029 097  .040

$5¢A 087 -.042 .113 .036 -.052
A7387 o) AF® La el .020 .088 .013
* . p{.05, * = : p(.01 t,$ : Table 29 ¥4
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S22 OFEAZEIAARYE B3 A Y8
o] wAH| g ] AF HA|FPIS &A% 1A
A% g wawl7t 6.898 (95 % CI=1.372-
34.690)2 ANAEA 7 1A ol AT Ui
ddeglez felg W H(Table 6).

AN - NAYFAA A3 AFE(FSAF)H o
o Jg& FX e SPAFN] BAE A £43
7] $i8te] AFFB/EMS Q). olm AR F
Wee 443, FelFAAA, AFEEE, @
kgl ETlEIAA, eAYY], ARREE,
A7, BRAA7), &rEFEY], AVFHY
AHAANFRE), AATH oA 1279} W
oln, EYPAsE AN AL 1149 WsE
o]t F&HALAGT EPALI UL AT
#A4=(canonical correlation)?t 0.6 ©]73¢1 A7
29| AHE AA A Table 73 2},

AZFBEANE T3 U A=A FAR A A
A GACA 5 JAd SPALPED A
ZABASE 0.82201%0e0 A@AF7}E 0.2 o4
9l AFe FHUSF oA ZR&AEs} -0.279,
geukgA|gte] 0,257, &71IHEA 0l -0.312, ¢
AN -0.333, £AF-EIIT -0.440, BAHH
717} -0.527, E1FE77 -0.203, A71EY
I} (ZAZZE)7E 0.290, AAEA o] ZFAF7}
0.427019 20, EYP¥USF JadMe Yol 0.635,
W57)3F -0.411, 43t #A Y21 0.269, FQ
g 0.585, 259 0.464°]1c}.

ol& FFtA, Wt BA AYF o=Ae H
A - ARPFAAL Al o F8F WEE AA
PEHAHWHO-NCTB), 4388 g 274 of
AAE, HAFYI 23 3EPE, FHEA
= AAte &ojon, AAYZTAANE SRA7),
LAR-3E, ALY, SR, aetsAl
2, EFER], Ald71Ye ol o]F Al
AYFAA AFE GEEAE ALt o
#AE BA. A - AAWEHAL Ao d%E
vXe £Y Weze v, §499, 859, 2%
712, B3t B FYAY etk & o], &
A3 &3, 90 T4 AYrIR] FoNn 2%
713te] FHEFE, AAREURY HF i A
BYFAANEY 3 ol A=Y HAr)FHY
A 2% BAZRTS ARTH A7 274 3

Ay b

29 92 v
n &

& W7t AaE olfstd AXITL Hrisln
A g w, ARZ o]$E F Ae ARZE F¥Y
(F5-8H, A7 5), SRR, s
84 muUEd 287 dow, Wik =& g
Me I 230l =2 e HAZ|FHIS 24
(A ZZ=E)] & 4 doh. a2 eyt
Y2 AYel oAl Al ol AFo=z
A Y AL Ad, AL 2R A
4ol E3A, dF A9 54 Hoe ARA
AAFA T Ao g 9] 7] Fo= Y
g% F8 SYPAETFE ¥ =F HUHE 37 9
dodn £ 4 o, A8 mUEd A ¥
A AQEA ST FBAoA dAHA] Y A
FA3471 g4(Smyth %, 1973: Roels ¥,
1987). a8lx HAEFHG S A8 E =& ¥t A
R EE 93 Hog Holok stevtel] disiA
€ oM 477t o Yoo} & FEolE B F
uct. o

welr] o] AFdMe AJPAARE B =&
B7HE dHon, 71E9 Wt k& 22A g
A - AARFHANR FEEEe SR, ToFA
AAL, AZAPFAAL, ANFHIS 2 AAEH 2
g adez &4 FAEt @ARA ALl
3 &$4d€ =& Yt Ho UX e, EF
53] B3tel] oigt EYo] o]RA|A] S A
13 382 =& Y718 At AYPAA 92
A FYL o] FEAFS AdHojo FEHSHA| A
T ojd Al 1~3/0930e] nERE FFE HY
#7]1 NFsta(Roider, 1955), AZ3NE Yo7
€ Hele W¥ojzt v, AlgeA ARYH 4TS
vyeid 5 Sl 2358 0.14-0.30 mg/m* U
olch(Whitlock, 1966: Tanaka®t Lieben, 1969:
Cook &, 1974: Saric &, 1977: Iregren, 1990:
Roels &, 1992). ©|& 477} £33 AE 2
AFede 218X $A T Iregren(1990)-2 0.14
g/md FEE Frd =g 2R A 93t
Z7] 9% El3ty] 8 ARWFEH AHALE A
3l NAEA ol AAo] vehd& Lohudlch
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Table 5. ¥A7)3EGE 224 AT F&E v|AE a9d g 2A 28 ALY 29

] & HAAS b X 0dds ratio 95% A&7t
ol () .0716 .0450 1.0742 .9835-1.1735
PR AYr|(d) .0060 .0397 1.0060 .9307-1.0874
»3E 1 1.2259 1.2750 3.4072 .2800-41.4671
2R 7 3.0129 1.2126 20.3459 1.8893-219.1148
¥499 (packyears) -.0034 .0257 .9966 .9476-1.0481
59 .0055 .0081 1.0055 .9897-1.0216
¥ Wzt (ug/dL) 1.1827 .5397 3.2631 1.1330-9.3981
2% ¥ (eg/g Cr) -.9223 .2216 .8007 .5186-1.2362
# . Table 49 T4
Table 6. 27383 o]} AX% JFL v|A= 2 T 2AAE AR 43

] T AAS HEFEe X Qdds ratio 95% N7t
el (A1) .0198 .0588 1.0200 .9090-1.1446
Bad AY717HQ) .0031 .0500 1.0031 .9095-1.1064
=2AE 1 .8312 1.0622 2.2960 .2863-18.4140
2R 2 -.7942 1.2950 4519 3.6E-02-5.7202
#9498 (packyears) .0427 .0363 1.0436 .9720-1.1206
&5 .0128 .0081 1.0129 ,9969-1.0291
B3 ug/dL) -.3688 .7554 .6916 .1573-3.0398
85947 (ug/g Cr) -, 2783 .4040 7571 .3460-1.6712
HA7 FHDF (FAZAE) 1.9312 .8241 6.8980 1.3716-34.6895

$ : Table 28} ¥, # : Table 49} Y

ool o] Ao Ne /e Al AAE AH £& T
Aoz YR F ol& ACGIH #7 8871&d%
AE{A FTol RFo] LI, AxBT, Y=
ETOE TEIIALT.

AERH =2 NF2M ¥F Ye APES
A Ao B 2R L0 WE Tt 2olE R
ola 31ew (p=.080) Pt AA AY~IZH(Rs=.239,
p<.01), HAV)FHYE 279 2ANEZR=(Rs=
.305, p<.01, odds ratio=3.26)s} 3#4 2 A
89024 fo4e gley, AA - ARPYFHA}
Aol ojud AdBYE AL F AU HEF
A xwd NES) AAPJAEZE 27 715 Gae B
S B =852 A7A ¢ duda Aukd 2
#}E Holm 9t} Smyth F(1973)& ¥3 WUzt
S5} =&Y veBF AloldlA] 2 Aol7t 1K
ta E3skn gloy g A7AE AR & A
79 4t =2 Z2Ae] 95 U3t Fevt dx
= Hlgtd Ao Erhe A& Eudka St

ol He Aol Al kg HA NN dF
B3t et AZFE e e HIHAR Fa
Row, ol B FF& v Wity diFon
e w71(10~40%) MEQ AR AzEn 2
38 FAA W xF = QXY ©E 44
ol Ay Udel AU 89U Hozm Nz,
MAWele} tie] a3 dF I Fxo 443
& AP AA 9 AR WE AAES Y
o|q Zapake] PHE ollA &3] A A 2F
o2 BEH3la A¥oRE vig HA wAdldg
(Klaassen, 1974), ©o]3 o] f-& ¥z L¥ie] w
T FEL 53 U =2AEE U £ fln
B =& o JEE Follled o= Fx §
B3t Hol7l U AX AdALE & v&% 9
d At e Zoll7] ol Wizt USS el
t}.

ANFd GEL 718 ¥ FYS B 9
#d FA RJAENE B3 4 AL (ESA,
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Table 7. A4 - A3 WA B3N

£92)s) SPNRSIS) BRIV 23
W

= 1 F&94 2 F5W4 3
FH
A AL AZA S ABA AEAE ARA S
A2 172 .013 .079 -.003 071 057
ZHo) A A HAY .106 -.022 .309 .294 .097 .012
i A -.478 -.219 -.088 .086 -.084 -,029
TERhg-A) 3t .260 .257 .290 -.087 .008 .070
AR E .025 -,312 -.088 .096 .214 .192
FSanird -.458 -.333 -.331 -, 120 .283 .088
AR 53} -.130 -,440 -.312 .046 .655 .194
AlA4719 .079 -.199 .335 -.189 -774 -.341
52347 -.416 -.527 .136 .050 -.638 -.129
ElEREY) 187 -.203 .665 .343 .378 .255
A7 FH G HINERE) .336 .290 .562 .181 .047 -.005
AR ol AF* .358 .427 -.603 -.364 -.008 -.084
cqua Egi4e 1 =YPds 2 sgma 3
AEAF  AWAE FEAT WAL BFAT WAL
o) 716 .635 -.141 -.041 124 .096
28712 -.154 -.411 .136 .050 .633 .315
24712 -.342 .092 174 .201 -.283 -.069
S F)71 .184 .269 .219 .408 -.415 -.236
7Y -.097 .017 -.317 -.099 ~.322 -.262
EAE] .054 -.055 -.250 -.556 -.068 -.035
=&2RPEY .067 .069 .622 .565 .085 -.158
99 .240 .585 -.064 -.050 -.37 - 154
459 .289 .464 .101 -.008 .242 -, 052
43 W3 .090 .084 .038 .118 .332 .265
83 W3 .100 .038 173 .168 .299 151
AEARA S 0.822** 0.694 0.636
* % : p(.01 $ : Table 28} %, # : Table 49} Y

77, B, JTHAHE o] Bk o, =
Zd e A5 IV BY¥E AU fosAE
wskew, ol o3 MR AF AAFFEL
H SolHoln AAYE AU YA ot =24
Aotz o3 ndE ¢ Uh(EFE F, 1993).

ZelBARANE AdY, 719%E, FIAF
A%, 71927, Ao R A S Hessie Hrt
Ao 2t fol Zolrl YA ole el
BAAAZE QA 716E Hrkhe AeRA F2
o] 71%E B Aog A Z2ANS e
2 @ o] d7dME IS vAA W4gke e
waEy.

AASAEH A N0 GE S AvE e E
2337 A% A 7194 BRIz, F8E 7
AAEHE HriRg, 53 AAd folo] 434y
A7, 433 Byt 2oy, ofln A¥xxodt §
A Wol o]&Ho] gor(McNair %, 1992), 3}
A=} e 45 Ao JrEHdn, #71E
A, % Wolv FL2, F T FFE B9
ot XA FAe] HrlME o A73YPEe
A A =7E3 3 FL450] i (Liang 5,
1993: Mergler ¥, 1994:. Escalona %, 1995).
AAEAE 7} 8919 oA =EFE] ©E 2}
ol gidoy, 88 AT AARMAM &
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 FE =27)300] F71ErE E-Hul(p<.05),
EEE<.DAA F3HA A= F7t Forsiach
&R e 8719 A4S Adstn 4 813
o] Aol 0.6~0.92 viwad zpz Y3 4
FolXe FHE AT F vz Bed (MceNair
5, 1992), $49 A$E o] AN W #HA
A7l AFE R FH FE Hyon,
ol Wzte AR FEH FaloA FAF olde] &
AT F Uvhe AM Y X =HE 200t

ARYFAALE St 39 J5 Y,
AR = A 719EY, & NP A & =
2ol &g, TAIE AR EEEE, AFY
Arke AR 719, BA4A Hrle &% &)
FHE B HAITHWHO, 1986). =23 %
wE Aozt Fo3HA vERrd Arbe 2391, &
AR3538, Z2RAR7 (R §), wEFedr| (=
F 2 &) Avh. AAYFHA] F8 dYgE v
e AEQ volst wE7|7hE BGF Fo] A
fred-e AR ErgF=ardAet AU
th. AR FHA 3 Yo dFE A= F8
HAEE AWEN, Yol AT, 5AHHA7],
E71EF=87]dA foldtA ARSIl we 539
e #4E Byon @87 £, &=
N33, AZ7Y, BERAAY (R F), &M
FEH7(RAF 28 €)M n{7|3Ne] AFE
3 5ol VIS & 4 Ut

ol Iregren(1990), Wennberg 5(1991),
Sjogren 5(1996)2] A9} AR UX 3=
FLg ¥xeEed v Axdd, e v
NLxeETAA ©lE A 8 FEo| AES /1Y
Atk & €Y, Wennberg $(1991)8] 91L&
2R, &2 FAYE dhe AUFNN Az W
740.19-1.39 mg/m®)ol] 1~45d =ZH 3049
da 2229 gz g A4k AAMY H 9t
AR BAAHRA HAl M Zolrt ey, x&
oA R71A] 543 M=} p-300 latency ¥
ASAIE F7HEY Sl R ET| g &
A471E A7t UKk oldel= weelAl xRy,
By Aul, WAE SME Wxtel g A
73 BENH Y Yo FAvl Bag wu o
(Brown &, 1991: Roels 5, 1992 Chia %.
1993: Mergler &, 1994).

$evet 4 =& 2R U AAYEHA
3 A A ATE o ARSHEA =
ZEA] @& AAF dAY A PFetE HAL 3
8g B, dPE oAz vo] @ m&eFe
FEE e AoE eI ME 5, 1995), A
AEANEA =327 JHNA F718A x2d 2
AL daTd 8 <A, ARz &
8 80| AstHo] UJR(ZFE 5, 1995), d%F
o WM 2AN(EE), A3, Al
Ao|A nF=dH FAFETl AT HaE)
frelatA 3 THol A=Ay, dHH w87
el BAFAE Al71geA A8 fodF Hda
g B9a, 9% 9 wS70 Aol g 2
PEL AR ERIZ 5, 1995).

HAZ|FHEE 2N nAIAEE 223 E
o W& T3k Apolrt foEA Fen, ole 4y
P =& AEE WGt & 5 Yok Yol ns
712, A59H, =&2FE, #3748 FAY/L 2
83 P {3 AU S BYed o3 Y
713998 A0 DN EFE JFS nXe
AP 8l 3 222 ALY AN 7
8% 8ol =P =} 5 @olUn}. ol
Adte nAERE] P8 oM 46.1 % (3
75, 1997), 66.0 %(F9%&, 1997), 77.1 %(Y
A+ F, 1997)9 ol271717] thgsigi ot ol F
2 22} AT 37t =& 42 9 =24 59 3}
ol 7IQlEle Aog Koy, 53] @zt xdo)
A SHFAM e Tt o]l HAAFHYAL
AR 2NARe] FE ANFREE BT S 9
Ak, E3 2T gk AF7F T B A
F (1997 Eie] o3l dzFolAN nils
BAEE Hole v 4% FE Adsae g0
o] ApAnte} visElATh. wWEkA Pt =34 U
Ehbe 2AE0EE 9t =& 220 W% =
< YHES Holr =2F T} UHT 4BAYE X2
49 & F Uvh dFEe A7 nAZAET)
F2 Jepte 71ARY @37 A3A=AREE ¥
Z B =9 T ARBAE BdFa e
o], Krieger $(1995)2 Rt tAwgxlolir] @3
FARY VF 4T 5] AHAe] we e
(Rs=0.8, p<0.01) ¥I'd d)ZFdl|M & opid A#
BAE BolA] #2(Rs=0.3, p)0.05)S ®uss
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o A= AEIHH wEA Hoe| JEdA
' HuAe mel 2ol Holed ol AL thAt
29 At =g A ue deiidn e,
Z, dAMER AT TAYARAY) AS ¥E o
B Hul 9 SA LY 0 2R Y
AAQ HHZHZE QT B ABBAE Kole wt
W, AT wFo] dFER] e £HFY B vl
A @739 A FHFIEE Jehle €3 9t
Feo B} A7t FH ) P& =g
Role AZAE 71 e =2 A=Y =2
| 9 72w 08 e 3dE 4 g
Rolct(gsi#, 1997). 71& Buge] A folx H
28 AT A=t FARE $HFE tidez
T AF(LIES T, 1997)01A FL ABUAE E
4 de ¥ A8 AR $3FE des @
ATFAEHE F, 1997 M= ABAA} v @A
o HoMZ ol& HAF 4 qle}.

Bt & 2EAE] A FHLGRNA BEHE
IAFAEE dAH R 22 &4 E Wy ¥
3RIA] T2 ded 43 B A B
Ao g3 =&e] Ut 2 AN 2NEH
= 23& MR, &, o] FUHE )Y
~14d] X 3AZPRE 2Ac] AAHET ol& A
d44 AFE B3 957 P9 FFUA0NM e W
2717} 50~2009¢)gk= Aax R, EAE,
A3tA QoA RNERE AN AARH gA
ZAAste] BYAZ Q5 o8 AR AR
¢l A2 W HtE =E3FEE Ulle Aow
HE 2o o A oE WolEdXan U}, 2y
Y olg 99d-A3 #AZ BrlE oy doEie
o] AFMAF(Rs=0.255, p<0.01, odds ratio=
6.90) 48 5(1997)9] AFlA A7 Y3} =&
TEAZ BAZHRE 2L Hole AdA A4
A HArdatel A@Adol Hov(Rs=0.422, p
<0.05, odds ratio=2.42), AZ}E 2] Al
AP FAANEY NP (R 2R G $), ©
AL7HHe D7), AFES, BAHH], &1
Fe=7)s 484l dor, nAERE i uf
& volst m87te} RAFe ABYFHAHEI)
HRAHY, &EFEZ)IT £9F AolE Hd
(AR, 1997) 9 B AE AARoz B
£ olgva g, 29 AR TATA

= 27 9R&gd U@ AAPFHAAE &lEE
=g]71(4 bars tapping) A%/} 53] F3ict
(Anger %, 1997). %A HN&FFLE 94
g F e B8 AP o) dE YeEe A
e g =83, 233 VIR FPYEo &3
¥ Bt} g2 n8AHFoRA P x=F SEA(A
HF) oMt Bol= AFHTA, 1997 nAZAE
A710] HFHHQ AVBAE 7] EHol, dFEA
FAYor A7 xFHE W =30 ¢ 2 9
TS FUE Aoz Ay,

AEZBENE B3 o|de] 2HE F33IE, @
 BY AR 2249 A - AR FAA A
& Sol3iA EAF ¥isE ARAYEHA, A3
AZ 2744 o|AAF, HAZFHIL A7 n23z
A=, AAEFUE A ¢ollen, ARPFHA
9] 9% AV BEFFAHY], £ARE3), 2R
A7), EENHA, dedl3An, EETeg
7], A9 otk A - AAYFHA A}
de Jo], F98, 58, 8L, 40 #A
AQ471te] AYE vFk. F ve], FAY &F
g, w3 98 AYrizte] Frlsta w871k #
S5, FARAEUREY F4) Fadtn ARYPEA
APRel 8 8-S AFAIN HAZ|FHEIY &
A9 nAZATG ARAH A& L9 ol AX
o U 4 W}, o8 Rl ARy
Fig. 13 2},

B2t B AR A 228 Ao R J Al -
ARWEAA AE AgAH o2 HYrIjt o] =§
dAe A7EE EA4Q o], &7z, FA 2
5 59 AR Y x=FY Boh v & 9%
< "R A& Holed, o A Y 224
g 739 &3t 2AE sen, 53 R o
Z2T9 YxeEro 2 AP ENE BBV
Ao, ANZE Yo A A&HA A7)te)
=28 7 x=2F22A WrlEA R3] Wi
2 AZEd, 18y FEFoR $AxE ~ A8
A YPred: - Hy =22 A% 9t HAF - 2
7] (subclinical and preclinical) 41733538 (A
AYFAA, AFEH AF 278439 o) F AF)9}
o] FdAY & 9L B & U Gwt o] a4
AT &2 A WS Be FANAAEH Y
A3} (health outcome)2 BI|Ethe 4l - 4733
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FAA 2 A% A F 2T HALE §
g Wzl (measurable change) %/g3e] #Ho=z
Rojof & ot}

agln AA PFEe s gds gd ¥e
ojgt F4I AAEH AFpez JkE £ A
27134 2 AFEe UFd 5AHRA g &
T H2o A7dA 1 e Pt = #A¥s
o Fojze AT, HAHRAH HALE o A%
3 Hole TEAA A4S Ave 43H AF
7t 2719 de& 4 4+ A2 (Roels T, 1987:
Iregren, 1990), °|& AZXE W =F SEAY
A ko] JAbd FEE HA g F e FE
3] Solgt AL o}, wEr] ko= Wt AYA
9] HEFFFY 2H AN =& ¥
B71e7) Sl Bo g 4te] ¥ = F
o] gyl gEo] =2 ZEAd U ZIE AT
o} mRley fAlolxe el s AR
FA-UN T A7t FF @EEA o]FoiAor &
o},

2 dm

4 B

dEAQ WY =& 4FF &3, A™E, YHB
Az AGH 2248 ddes APIAZHE F
T 9 w2 A 2 =3FE yrlsta oo o
AN ARYFHAANE T A7 A5 FEA € 99
89& O33 g

1. B xFo] 45 AAYF F3 Yol §
AR oz fosA it

2. o] AFA ZAME AHA - AFPFHAR] A
2454, TR, AR WAL, AA%H A
F 27 T AR FEALe gkt AR
AL FAHARJ AGFE Be AAF 75
JVebe AARNE ARG AAYPFAAGE] 53
Y, HAEHIY 2200 4384 1A 5 B
o} @A HARY @A el &kt

3. ¥ExE - BT YixE - HU =E2
Q7 4t S AF - Z7](subclinical and pre-
clinical) 7334 5FN (AP A4, 4484 A

A3 24 Qi 29l | e 29
— AYBA=EHE &7 — o] I e |
PERAwEAE 28712 29
l #1Y 29
Y Y
N o AAREAA |
Snm— T O Z R 1Y) (F3%9)
EY A
Y
L uRH A
Uy 24

Fig. 1. 33t =& AdA e B4 - AP FAA 23t 88 895%e] 34
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& 27739 3T B R ¥ B &
et

4. B FA AGF 2229 A - AFVFH
AL At old e vAe 8% BAE ¥
N A3}, A - ARYFHAL AAE FoldA &
Y AFe AZYFHAL, ABHH A 233
AT, HAATREY AR RAZAE, S
AE ZAte eolien], BA - ARYFHAL Ao
d 9FE viAe 5 ¥ISEe Yo, 499, &
g, 2571, W BE A7 oAt
o], A3t 539, U #E Y71l Fkst
I 287|130l FHEFE, FYFUR A4 A
i ABYFHAE F FYol AdSn HA
718998 279 nAEREe} AAEAH AR &
% o8 BAF FRHoE 9T FUH.

2oz, U9 #Y AAY 91t =2 B2
€ 29 S0 me} ZpolE Holu, ojd A&}
2 g =299 AU 93t A3 3 WA R
o2 BZsg A - ARPFHAE A7HH 5
49 vel, 25717, F4 R 5 T A7y
% A =29l R os IS mAE AL
s

FF P F AQYAIN BT 8 Ui
A =29 b e A3%3 3F ¢ i
F3To I AN =& IS HUls) §
3 224 W 3 A7t 2asitt

ol

(=]
L-O 1L

e

A feve B3 E2 22 ArFEdd 23
B4, B3] A% 229 A, APdRAATY,
1997.

A%E, AAL, BAdm, JEe, AEE, AT, £
. PFFH AR AT FAARED
24 (PET) 23 tigaielge) 1997,

ARG, d¥8e, FoAd, By, 4% T 22A9
PRE2 B A BY AT AEIYAHR)
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