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— Abstract —

Manganese Exposure and its Health Hazards of Welders
Deog-Hwan Moon, Byung-Chul Son, Dong-Mug Kang

Department of Industrial Medicine, College of Medicine and Institute of Industrial Medicine
Inje University

Objectives : In order to evaluate the degree of manganese exposure and its health haz
ards effect on welders in manufacturing industry.

Methods : The author measured airborne, blood and urine concentrations of manganese
and blood chemistry, and also observed clinical symptoms and signs on 60 welders for case
and 60 non-welders for control working in manufacturing industry by age maching
method.

Results : The geometric means of blood and urine concentrations of manganese were
1.1341.38 ug/dl and 2.52+1.37 we/! for Welders group, 1.09+1.68 we/dl and 1.86+1.34 us
/1 for Non-welders group. Airborne concentration of manganese was 0.15+1, 66mg/m for
exposured group, and the urinary mean concentration of manganese was statistically sig-
nificant difference between exposured and non-welders group (P<(0.05). Clinical signs in
welders group were palmomentle reflex(23.3%), tremor(20.0%) and grabellar sign(5.0%).
Symptoms in welders group were fatigue(66.7%), amnesia(66.7%), excessive sweat-
ing(51.7%), nervousness(51.7%), general weakness(48.3%) and arthralgia (46.7%) and so
on, and there was statistically significant difference compared to non-welders group(P
<0.05). Manganese exposure effects on blood chemistry were not observed. There were
statistically significant correlation between manganese concent- ration in blood and
urine (r=0. 269), airborne and urine (r=0.601) and airborne and blood (x=0. 268).

Conclusion : The author suggest that further studies are followed to evaluate the
health status of welders whose blood and urine manganese concentrations were below nor
mal reference level, and to establish the questionnaire and the diagnostic tools for early
detecting the chronic manganese poisioning on welders,
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Table 1, General characteristics of total subjects

Variables Welders group Non-welders group P-value
Age 0.979
40~49 20(33.3)* 20(33.3)
50~ 40(66.7) 40(66.7)
Smoking 0.187
No 12(20.0) 7(11.7)
Sometime 5(8.3) 7(11.7
Yes 42(70.0) 43(71.7)
Drinking 0.119
No 1321.7) 4(6.7)
Sometime 3(5.0 6(10.0)
Yes 43(71.7) 48(80.0)
Education (years) 0.508
~6 9(15.0 7117
7~9 27(45.0) 38(63. 3)
10~ 22(36.7) 14(23.3)

*; frequency (%)
Welding year ; 14.8%5,6 year
Welding hour/day ; 8.4+3.0 hour
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Table 2, Mean concentration of Mn in blood, urine and airborne by group

Variables Welders group Non-welders group P-value

Blood Mn*
(M=+SD)
Urine Mn'
(M+SD)
Airborne Mn'
(M=+S8D)
Blood Mn*
(GM+GSD)
Urine Mn'
(GM=GSD)
Airborne Mn'
(GM+GSD)

1.21£0.49 1.18%0.35 0.771

2.65+0.94 1.95+0.75 0.000

0.17+0.11 - -

1.13£1.38 1.09+1.68 0.605

2.52%1.37 1.86x1.34 0.000

0.15+1.66 - -

* o ug/dl

t e/l

¥ omg/m?

GM : Geometric Mean

GSD : Geometric Standard Deviation

Table 3, Positive rate of neurological examinations by group

Test Welders group Non-welders group P-value
Palmomentle reflex 14(23.3)* 4(6.7) 0.542
Resting tremor (LD 0 -
Positional tremor 12(20.0) 9(15.0) 0.704
Terminal tremor 0 0 -
Rigidity 0 0 -
Glabellar sign 3(5.0) 0 -
Finger to nose 0 0 -
Writing disturbance 0 0 -
Arm swing 0 0 -
Gait disturbance 0 0 -

* frequency (%)
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Table 4-1, Positive Rate of Symptoms by Group

Symptom Welders group Non-welders group P-value
Headache 29(48.3)* 8(13.3) 0. 000
Anorexia 15(25.0) 11(18.3) 0.375
Fatigue 40(66.7) 21(35.0) 0.001
General weakness 29(48.3) 10(16.7) 0. 000
Drowsy 22(36.7) 18(30.0) 0.439
Dimness 16(26.7) 2(3.3) 0. 000
Dizziness 22(36.7) 8(13.3) 0.003
Depression 16(26.7) 10(16.7) 0.184
Nervousness 31617 13(21.7) 0.001
Excitement 22(36.7) 9(15.0) 0,007
Amnesia 40(66.7) 11(18.3) 0. 000
Sleep disorder 17(28.3) 5(8.3) 0.005
Nightmare 12(20.0) 5(8.3) 0. 0867
Delusion 2(3.3) 2(3.3) 1. 000
Personality change 5(8.3) 6(10. 0) 0. 752
Behavioral change 7(11.7) 5(8.3) 0.543
Excessive sweating 3161.7 30(50.0) 0.855
Excessive salivation 8(13.3) -
Drooling 4(6.7) -
Speech disturbance 16(26.7) (L7 0.000
Difficulty in attention 24(40. 0} 8(13.3) 0.001
Hypoesthesia 3{ 5.0) 2(3.3) 0.648
Tremor 15(25.0) 2(3.3) 0.001
Difficulty in writing 6(10.0) 2(3.3) 0.143
Arthralgia 28(46.7) 26(43. 3) 0.714
Back pain 19(31.7) 717 0. 008
Myalgia 18(30.0) 10016.7) 0.148
Muscle weakness 14(23.3) 9(15.0) 0.324
Muscle stiffness 9(15.0) 3(5.0 0.120
Walking disturbance 12(20.0) 6(10.0) 0.197
Cough 19(31.7) 8(13.3) 0.016
Dyspnea 13217 5(8.3) 0.041
Urinary frequency 6(10.0) 2(3.3) 0.143
Libido change 11(18.3) 5(8.3 0.107
Sexual disturbance 2(3.3) 3( 5.0 0.648
Mean Score (M +SD) 9,72+7.33 5.15+6.97 0.001
*; frequency (%)
Ztel st v 8T 2.52+1.37 w/ !,  mg/mv ©]1tH(Table 2).
Bl 81T 1,.86+1.34 w/ oo 5 3t & 3 =TI HRETO| 0]t ZAL
% el AeRE wel Qold BHTol ¥ 8
To] Hlslel BEAA o2 KA =ULH(P A ZAUAREL] oA AAL PP &S &3
<O 05). ¥ Sxe 715 Wt #Hit == 79 A Palmomentle W2 23.3 %, £ AA
&7t 0.17+0.11 me/n, 718 0.15+1.66  20.0 %, 92 2% 5.0 % 5 o, vL3
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Table 4-2, Positive rates of clinical symptoms among total subjects by blood Mn concentration

Blood Mn
Symptom P-value
< lug/dl > lug/dl

Headache 14(31. 8) 23(30.3) 0.859
Anorexia 11(25.0) 15(19.7) 0.500
Fatigue 28(63.6) 33(43.4) 0.033
General weakness 17(38.6) 22(28.9) 0.275
Drowsy 17(38.6) 23(30. 3) 0. 348
Dimness 9(20.5) 9(11.8) 0.203
Dizziness 13(29. 5) 17(22. 4) 0.382
Depression 10(22.7) 16(21.1) 0.830
Nervousness 18(40.9) 26(34.2) 0.463
Excitement 15(34.1) 16(21.1) 0.116
Amnesia 23(52.8) 28(36. 8) 0.099
Sleep disorder 10022.7 12(15.8) 0.344
Nightmare 9(20.5) 8(10. 5) 0.133
Delusion 1(2.3) 3(3.9 0.622
Personality change 6(13.6) 5(6.6) 0.208
Behavioral change 6(13.6) 6(13.6) 0.312
Excessive sweating 24(54.5) 37(48.7) 0.536
Excessive salivation 3(6.8 5(86.6) 0.960
Drooling - 4(5.3) -
Speech disturbance 6(13.6) 11( 4.5) 0. 899
Difficulty in attention 15(34.1) 17(22.4) 0.162
Hypoesthesia 2( 4.5) 3(3.9 0.874
Tremor 7(15.9) 10(13.2) 0.6717
Difficulty in writing 2(4.5) 6(7.9 0.478
Arthralgia 23(52. 3) 31(40. 8) 0.223
Back pain 10(22.7) 16(21.1) 0.830
Myalgia 10(22.7) 18(23.7) 0.738
Muscle weakness 9(20.5) 14(18.4) 0.726
Muscle stiffness 5(11.4) 7(9.2) 0.701
Walking disturbance 8(18.2) 10(13.2) 0.579
Cough 13(29.5) 14(18.4) 0.160
Dyspnea 7(15.9) 11(14.5) 0.832
Urinary frequency - 8(10.5) -
Libido change 7(15.9) 9(11.8) 0.528
Sexual disturbance 2( 4.5) 3(3.9 0.874
Mean Score M=£SD) 8.18+6.62 7.00%7.95 0. 407

*; frequency (%)

4 =9 XA 15,0 %, pamomental W3- Th SHTe] A$ A= 66,7 %, 718 A3} 66.7

6.7 % B2 o] e STy HEHTMNE %, 9F 2 AA 7 517 %, e 48.3 % 2l
tol 7t §lltt(Table 3). n #AE 46.7 % T &l v EHT A

o3t 50.0 %, -‘4’@5 43.3 %, W& 350 % %
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Table 4-3, Positive rates of clinical symptoms among total subjects by urine Mn concentration

Urine Mn
Symptom P-value
< Que/ | 2~—3ug/ | > 3ug/ 1

Headache 11(18.3)" 15(34.9) 11(64.7) 0.001
Anorexia 10(16.7) 11(25.6) 5(29. 4) 0.392
Fatigue 24(40.0) 23(53.5) 14(82.4) 0.008
General weakness 11Q18.3) 15(34. 9) 13(76.5) 0. 000
Drowsy 14(23.3) 17(39.5) 9(52.9) 0.041
Dimness 5(8.3) 8(18.6) 5(29.4) 0.071
Dizziness 9(15.0) 13(30.2) 8(47.1) 0.016
Depression 1321.7) 8(18.6) 5(29.4) 0.658
Nervousness 17(28.3) 17(39.5) 10(58.8) 0.063
Excitement 9(15.0) 15(34.9) 7(41.2) 0.022
Amnesia 15(25.0) 23(53.5) 13(76.5) 0. 000
Sleep disorder 8(13.3) 9(20.9) 5(29.4) 0.274
Nightmare 5(8.3 9(20.9) 3(17.6) 0.177
Delusion - 3(7.0) 1(5.9 -
Personality change 6(10. 0 3(7.0) 2(11.8) 0.804
Behavioral change 4(86.7) 6(14.0) 2(11.8) 0. 462
Excessive sweating 28(46,7) 21(48.8) 3(70.6) 0.208
Excessive salivation 2(3.3 2(4.7 4(23.5) 0.010
Drooling LD 2(4.7 1( 5.9 0.579
Speech disturbance 4(6.7) 7(16.3) 6(35.3) 0.010
Difficulty in attention 8(13.3) 17(39.5) 7(41.2) 0.004
Hypoesthesia 1LY 3(7.0) 1(5.9 0. 384
Tremor 4(6.7) 8(18.6) 5(29.4) 0.035
Difficulty in writing 2(3.3) 4(9.3) 2(11.8) 0.323
Arthralgia 22(36.7) 22(51.2) 10(58.8) 0.161
Back pain 10(16.7) 11(25.6) 5(29. 4) 0.392
Myalgia 13@21.7) 8(18.6) 7(41.2) 0.327
Muscle weakness 9(15.0) 7(16.3) 7(41.2) 0.129
Muscle stiffness 3(5.0) 5(11.6) 4(23.5) 0.188
Walking disturbance 8(13.3) 5(11.6) 5(29.4) 0.372
Cough 9(15.0) 11(25.6) 7(41.2) 0.062
Dyspnea 6(10.0) 7(16.3) 5(29.4) 0.135
Urinary frequency 3(5.0) 2(4.7) 3(17.6) 0.146
Libido change 6(10.0) 5(11.6) 5(29.4) 0.106
Sexual disturbance 4(6.7) - 1(5.9 -
Mean Score (M +SD) 5.67x7.64 7.95+6. 58 12.35+7.05 0.004

* 5 frequency (%)

9 ole 9 399 w4 N slo]
AsH R fol3
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2EB £ 2WISe Yzt B2ot AL B 017

Table 4-4, Positive rates of clinical symptoms among subjects by age and group

Age
Symptom 40 ~ 49 50 ~
P-value P-value
Welders Non-welders Welders  Non-welders
group group group group

Headache 9(45.0)* 1(5.0) 0.003 20(50.0) 7(17.5) 0.002
Anorexia 2(10.0) 3(15.0) - 13(32.5) 8(20.0) 0.204
Fatigue 12(60.0) 5(25.0) 0.025 28(70. 0) 16(40.0) 0.007
General weakness 8(40.0) 3(15.0) 0.077 21(52.5) 7(17.5) 0.001
Drowsy 8(40.0) 5(25.0) 0.311 14(35. 0) 13(32.5) 0.813
Dimness 6(30.0) - - 10(25. 0) 2(5.0) 0.012
Dizziness 6(30.0) 1(5.0) 0.091 16(40.0) - -
Depression 5(25.0) 2(10.0) 0.407 11(27.5) 8(20.0) 0.431
Nervousness 7(35.0) 5(25.0) 0.731 24(60. 0) 8(20.0) 0.001
Excitement 7(35.0) 1(5.0) 0.044 15(37.5) 8(20.0) 0.084
Amnesia 13(65.0) 4(20.0) 0.004 27(67.5) 7(17.5) 0.001
Sleep disorder 3(15.0) 1(5.0) 0.605 14(35.0) 4(10.0) 0.007
Nightmare 3(15.0) . - 9(22.5) 5(12. 5) 0.239
Delusion - - - 2(5.0) 2(5.0) -
Personality change 2(10.0) 1(5.0) - 3(17.5) 5(12.5) 0.712
Behavioral change 2(10.0) - - 5(12.5) 5(12.5) -
Excessive sweating 11(55.0) 7(35.0) 0.204 20(50.0) 23(57.5) 0.501
Excessive salivation - - - 8(20.0) - -
Drooling 1(5.0) - - 3(17.5) - -
Speech disturbance 6(30.0) - - 10(25.0) 1( 2.5) 0.003
Difficulty in attention 5(25.0) 2(10.0) 0. 407 19(47.5) 6(15.0) 0.002
Hypoesthesia - 1(5.0) - 3( 7.5 1(2.5) 0.615
Tremor 2(10.0) - - 13(32. 5) 2(5.0) 0.002
Difficulty in writing 3(15.0) - - 3(17.5) 2( 5.0} -
Arthralgia 11(55.0) 8(40.0) 0. 342 17(42. 5) 18(45.0) 0.822
Back pain 5(25.0) 1(5.0) 0.182 14(35.0) 6(15.0) 0.039
Myalgia 5(25.0) 2(10.0) 0.407 13(32.5) 8(20.0) 0.204
Muscle weakness 5(25.0) 4(20.0) - 9(22.5) 5(12.5) 0.239
Muscle stiffness 1(5.0 1(5.0) - 8(20.0) 2(5.0) 0.126
Walking disturbance 3(15.0) 1(5.7 0. 605 9(22. 5) 5(12.5) 0.239
Cough 5(25.0) 3(15.0) 0.695 14(35.0) 5(12.5) 0.018
Dyspnea 2(10.0) 1(5.0) - 11(27.5) 4(10.0) 0.045
Urinary frequency 3(15.0) - - 3(17.5) - -
Libido change 3(15.0) 1(5.0) 0.005 8(20.0) 4(10.0) 0.210
Sexual disturbance - 2(10.0) - 2(5.0 1(2.5) -
Mean Score(M=+SD) 8.201+6.14 3.30%+4.19 0. 580 10.78+7.88 5.48+6.14 0.047

*; frequency (%)

%, 719HASt 52.3 %, BHE 52.3 %, ABAN  43.4 %, VHF 40.8 %, 19" A3} 36.8 %,
40.9 %, 31 2 F5 386 % T wolda, 1 A #9342 %, F5 € £% 303 % T &
wg/dl ©1 3T (1678/120) o€ vhet 48.7 %, B= oAU}t W EF W wEd YT AT 3A
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Fe 8% W¥ESL 1 ow/d olskee 818+ %, WHEEF 36.7 %, 274
6.62 7HolAa, 1 we/dl o1 7.00+£7.95 N2 % $olAUT, 2~3 ug/l

1 wg/dl o)8lwo]l ®okou SAGAHoR folg 2 d 719 A3t 53.5 %,

l

/

7 B 71 A3k 25,0
T (437/120) A &= 9=
AHE 51.2 %, ot

ol fASlTH(Table 4—2) 48.8 %, &&, A7 A9 2 H3Y A 39.5 %
A ZAF YA b U e A & Fo goldem, 3 /!l o)A E(1TH/120) M E
A FALS B WA w %%91 e 2w/l AR 82.4 %, S H 719Y A 76.5 %, FE

2
ol sk (607 /120) ol A = CFJ 46.7 %, & 40.0 64.7 %, AAHN L BHF 58.8 % 5 w9

Table 5, Mean value of laboratory findings by group

Welders group Non-welders group

Variables (M£SD) (M=SD) P-value
GOT(IU) 29.8* 6.5 29.1£8.6 0.612
GPT(IU) 27.5+11.2 24.6+9,2 0.132
7-GTP 34.8+26.5 31.1+20.6 0.410
GOT ; Glutamic oxalacetic transaminase
GPT ; Glutamic pyruvic transaminase
y-GTP ; gamma-Glutamyl trans peptidase
Table 6, Mean concentration of Mn in blood, urine and airborne by variable
) Blood Mn (ug/dl) Urine Mn (ug/ {) Airborne Mn (mg/n)
Varlables 3} .
(GM*GSD) (GM=*GSD) (GM+SD)
Age
40~49 0.97+1.99 2.65+1,38 0.16+1.78
50~ 1.15+1.51 2.45+1.37 0.14+1.61
P-value 0.384 0.226 0. 388
Smoking
No 0.93+2.14 2.74+1.48 0.19+1.80
Sometime 1.13+1.48 2.19+1.21 0.14%+1.30
Yes 1.13+£1.59 2.50+1.36 0.14%+1.65
P-value 0.730 0.610 0. 260
Drinking
No 1.04+2.08 2.46+1. 39 0.14+1.45
Sometime 1.39+1.31 2.80£1.43 0.19+1.70
Yes 1.08+1.60 2.52+1.38 0.15+1.72
P-value 0. 859 0.933 0.513
Education (year)
~6 1,08+2.48 2.67+1.45 0.18+1.74
7~9 1.12%1.48 2.47+1.36 0.16+1.61
10~ 1.07£1.65 2.53+1.39 0.14+1.69
P-value 0. 950 0.981 0. 387
Welding duration (year)
~5 1.08+0.37 2.90£1.30 0.23+0.17
5~15 1.4410.55 3.06+1.49 0.20%+0.19
15 ~ 1.2040.50 2.59+0.86 0.17+0.09
P-value 0.948 0.281 0. 469
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B wT UG SR BT 9Y Y EET | onan visEel wazA

= 2w/l °l8T 5.67+7.64 7N, 2~3 we/l T )

7.95+6.58 7N, 3 w/ ! o]dT 12.35%7.05 H&E A 2A HdAES] 9 2= Table 53 &

wF PR} B2 42 AT Q4TE Bae o BRDH MEAT BE 32 wAgen,

= F7kete dE& EATHP<0.01) (Table 4-3).  GOT, GPT % y-GTPelAM &42e] vl$HT 2}
AN ZAAES AFE QUBY BAEE 90 Bkl EAGMCR fels g

4019l 7 SAHTE 7198 M3 65.0 %, HZ
60.0 %, thet 3 #HF 55.0 % T &£olA,
HEH TS AAHE 40.0 %, 93 36.0 %9 ol
Ak =7 5009 A TS AR 70.0 %, 71 A

o3 st 67.5 %, oet 2 % 50.0 % 5o &

o191, HEHFE O 57.5 %, HEE 45.0 % T zol7} 9wt

2 W2 40,0 % T wola), &, 40the) B 7 Bkt mmel olaZIAleke] AT

AAEd TahFe 41T 8.20+6.14 7, wEH

o 3.30+4.19 7 ollm, 50the B U NZ, %5 9 b3 Yitexe dgAele 3
TAFE 10.78+7.88 7N, vl8HT 5.48+6.14 HAASFE Table 79 2o 3 Iz L3
A elglen 50tlolx BATGH R fFogt Aol WERite] ABATE 0

BPTHP<0. 05) (Table 4-4). b Wree Ao deAss 0.601 281

Table 7, Correlation coefficients between Mn concentration and clinical tests

UMn BMn AMn GOT GPT r-GTP HB HCT RBC WBC PLT

UMn 1.000

BMn .269* 1.000

AMn 601" .268*  1.000

GOT -.037 115 .095  1.000

GPT .056 .067 .043 691" 1,000

r-GTP .118 .053 .041 L7200 758" 1.000

HB - 084 .094 .027 .189 . 163 .104  1.000

HCT L1010 - 133 .046 .021 .043 -.004 .695" 1,000

RBC . 148 . 158 - 180 -.039 . 067 .019 .203 242 1.000

WBC - 202 004 -157 0 -171 -.043 .033 025 044 -.123  1.000
PLT 278 1148 372t - 1100 - 104 -.016 021 -.078 -.039 .289*  1.000

UMn ; Mn in Urine

BMn ; Mn in Blood

AMn ; Mn in Airborne

GOT ; Glutamic oxalacetic transaminase
GPT ; Glutamic pyruvic transaminase
7-GTP ; gamma-Glutamyl transpeptidase
Hb ; Hemoglobin

Het 5 Hematocrit

RBC ; Red blood cell

WBC ; White bloed cell

PLT ; Platelet

* S P<0.05

T 5 P<0.01
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]

AAME 25, EAF 54.9380°0.2
(Clayton® Clayton, 1981; Zenz, 1988) A&l

RolA P vlEkedoln, Wrro] Aol sl
AE g dalre 4E3 B A7) o] FolA
gt (Horiuchi %, 1970; Chandra %, 1974;

1981; Buthieau$t
1985; Bolze %,
1989;

-
AF

Chandra, 1975 Lai %,
Autissier, 1983; Aihara,
1985; Alessio 5, 1989; Davidsson %,
Cui®}t Dannies, 1992; Krieger %, 1995).
o 2eA chondroithin sulfate®] 3ol A%k
g dEA glen AXZlE, FuiAl, A AdiAte]
#A3n Ao LA ) g A E el A%
nEFciolo] &HHEe] o] 4bsll 4bsle] #A
st doka gelA dew, HT HJU cateco-
lamine ®lAte]l #AZE FEE= 5 Ao (Wilson 5,
ol#ldt Wite AT EE FYoE A
TE w7ke] 95~98 %E @53 g7
WA By, o] A HR27F ApE )R]
ste] Wl A "ot g Wit 3Eke]
ol ZF 22 oA B84 3 71 (complex
homeostatic mechanism)oll 9j&l w#elol A
2 ujdo] Fvistel whgl A wWzte] ggAde] o
FojAt He] FA| 9 EA (extrapyramidal sys-
tem) & Wikl digt 58 FsEE 7R3 gl
Aol Bolglm o] Ko FHE Wite &
Fae] oz HE& & $ sivn
(Bertinchamps %, 1996, $9<% %, 1998). 7
T AF =R W7he FIfoiA =]
°17<1‘11 8449l oital whrtelgtm oA
7}

FARE W SelA FoEeln) Ae BAH 9
st 27 A4 vL92E o guth Yiel g
58 300 % AR we 4P Dsiny

A& &, 1994).
Ao MnClLE #H7H1# incubatedsts Mn*&
Mn"& iglEn 37 ¢ 2stelAE “Mnel o
o)
=

-2 transferrin® w3 4% e,-macroglobu-
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lin® Agect(Morrow %, 1967). free Mn™%
Mr*38® 24 a;-macroglobulin® A¥3sln &
2L 7+ Aulo|A wEA ZFAsAT transferrin
I Agsta Qe A 2 gart vy 53] o™
FES Mno] thE xZom AEFO R FE o
Ak AZeta ok Morrow 5, 1967). 394
¢l WEEAN MY F8T AEE FYE B3
Zolm(d 4 5, 1991), FH=AR Mn #3le
710l A e F3, Fepeldds B F o
g Hile At}

B39 clearance® o HFHR o2 olibgl WibE
20~30% 2t &AL AgeM J b
AE Wy mlE 2~8413F ]9l

&1 }O{’

clearancet
om, 24~28A17F ¥ a&EE Wolxth} 1 %
7l 62~68U0) éﬁﬁ}(Morrow = 1967) 25

4% @ 4TS Pel wEPEES
HEW 2Ae] AL 2~23 mg/mE HILE
(Clayton® Clayton, 1977) # ¥]&%

£ BRITHE ol Hy ATyt 2o A=
24 71Ye Jide Ho yEg faygs 4E
Ay BEZA el A% AEE T 0. 15+1 66 me/

7]
2
O 2 ol LT} ‘411‘# (1994) & &3 24 e
F71% SHFe S59E A3 AL Aol A
%7]%7‘(‘2 A @ 73‘?“ 0.149 mg/ma(() 078~
0.503 mg/me), 7R E P%?. 3% 0.085 me/
me(0, 014~0, 208 mg/m?) oF W F(1991) o] ¥4
3 A 7% W FE 0.6~2.1 mg/m
oh= FARel ey, Horiuchi $(1970) ¢ %3t 2
A FAge] FF W 4.2~17.1 ng/me,
HqeE 519959 Akl #AaYs Qitske
2o M el 715 WiEE 0.98+2.24 mg/mr, A
A|¢ F(1994) o ¥zt HFHA SEAE e s

g 713 WReE 0.60+2.31 mg/mRTE Hgko
W, ol AL BgAES A9 Fast A5 Felel
Aol Z, B AL OARES A% Ad ol
S0l 84 Ade Yol WRelD Aoz Al



B4RE B2 U9 U B2 QAL 37
1

mgol 2kl Bk, TOkge] 37Q1e] 79 Aol 12~
20 mge] ¥3t& ?:TTrOh_ U™ rate] ¢ nEZ
Egjopfioll F&so] glom Aud ¥ FXy
o] sicka g}, g Bzhel] diated ®jER AgQle]
Y3 W3t FEE 0.8~1.6 w/diolal &% WIte]
718t T % 0.56 we/ ! (0.11~2.67 we/ 1)t

il @} (Zenz, 1988).
E AFdAe] "% 97te] 7sEd v 44
T 1.13+1.38 wg/dl, ¥]8HT 1.09+1.68 ug/dl

ol i, =% Witel JEET v £3F 2.52
+1.87 ve/ 1, 18AF 1.86+1.34 ue/ 1 o1 o]
5 #5535 378 retEd sl oM &
Aol WEg Tl vlsle] EAgE o {olsii
=g D}(p<o 05). o& whgRH(1998)e) MY F
Al £ TS e R YUt Hieke £
AT 3.1+0.5 we/dl, ¥EHT 1.2+0.4 w/dZ
L339 A vd Bekm vEy el A fAkE
Hem, w3 9zt Ve vy T 2.6+
1.1 wg/ 1, W)

BT 1.4+0.7T ve/ | 2 EHTE &
Argtel o wlgH T vhd kvl gk 83wl
A9 A4 vt el AW A AEE
A EF 10 w/d, =% 10 w/19 ¥ &
(1995)2] d3 6.94 we/dl, =3 4,12 g/, 9§
wH(1998) ¢l 8% 5.5 ug/dl, =% 19.8 w/! 2
A4 5-(1994) 2] 5 3.16 wg/dl, =F 6.92 ueg
/1R wskm v 4 Te] A$ Cholak$t
Hubbard (1960) 2] ¥3 1.1 we/dl, %3 2.75 v/
!, Watanate(1978)2] =% 0.11~2.67 w/!,

Buchet (1976)9] 8% 0.8~1.6 w/dl 53 #A18F
flesl, 12l A% UF 9w Wl G2
ol Yo} Aol B a%a 20 WA, )

7&?* I, 2 J&9 zpo] FollA 7191g HoR
AtREH FF ol #F ATVt Bl 8 AL
2 Algdd,

ubzke]l Wk EES HEZ Roider(1955) 9 R
o «M‘ﬁ O 38 gl vkt 3712 Ve &R/
171 FHN e T8, Al
719998t oA A%, F
aahakzl, ol Ak,

A 5o AASFAF A et Al7leld HA
FRORE APURF BE &80 Hole B9 3
or ol dlflel A7) dofub A7t Erbe
g Ate ok 71 @R7)ele AAFe o=
AR AARAR AR Sg] Ak deidn. W8T

A
i 7 FFE o= —rzﬂi =%, &g
= %, 217 #A, ArE, 84
24, 7]—‘33?}, B, %‘%Lré‘?ﬂ, FHER, 9
gz, MEe Wa g
= %‘"] SAet, Whitloc (1966) &
2 E.uﬁﬂ’ﬂ N 3o TE Wize mE 2 0%
P21 (87 %), 7FHM67 %), E’—EJV}"H( T %), &
ZA01 47 %), JA A 4 7 %, 33 40 %), Zl
Zkol (20 % ©l8h), A7} (20 %), Aol (13
%), BEA(13 %), FA= (13 %) 5 @A
3 ek
& AFelxe] A A e 83T A
% Palmomentle ¥Hg- 23.3 %, << ZA 20.0
%, PIZSF 5.0 % 59 wolAn, BT A
£+ ¢ AA 15.0 %, Palmomentle W% 6.7 %
B wolzler, £EH v B8HTU BAAC

-~
I
315
T
>~
=
ok
N

2 fel@ Rel7k gisiet.

AN 24 IRES AN Y TaEE SHT
ol B+ A= 66.7 %, 714 Ast 66.7 %, T
9 A IR 517 %, 3eF 48.3 % 1En BEE
46.7 % T wol:, wEHTY Ay o
50.0 %, ¥HE 43.3 %, WE 35.0 % % E&
30.0 % &< wolglen, Az, 7149 A3, 3

o1, NAIN, FE, T L At 5 Y A

o] tEEe] AFEA AEA Yol LTl H]
g7 W] SARoZ feolah BT
<0.05),
a0 AT WE APZH BASE 9.7
)E}

d
5.15+6.97 M= @EO] H] 3ol M]3t
Aoz fofatd B 5 .05)
olg{gt Aol B Fo] & wl B Ao T A
F 1%, €% 2 uF 9] B =y
T B5-8ki Roider(1955) 9 &R/4 o s
= Z”EO] FHE °1FI slert o8 A A

&

2AE] @A B &8 WY FFo] 13



cistatedeletal X A 11 # N 4 5 19994
Aom HBHL 325 A4 ATE Fohe]
S FEHelol & Aoz AnEth @

[e]

Horiuchi % (1970) & 7]% B w7t 4.2 v/
meoll A 17,1 mg/me]
Yz 4789 S D ATE 2K,

e wEEE MY weol asdan, B¢
WHEE5, Beiole] AFE Wl Aygairt 13
1299°]Ac), vH(1998) o U3t FAL st
238 Az 485 AYiste B AR Py &
B 20W S Ao RE gt B ATl
t #dES 3408 AL
= AN
sicka skt =
YJote] FE ool upel Aty A A
Aale 22A 667 (V15 wWike] VsHETw
FO.2 % %

0.98 mg/m) & ZAMNAFLRT AAEAN = A4
A, THE, SHYH, DG 5o 4T @
g gol gAHTol WlEE Hal felalA w3

(P<0.0D)z sFlem g o|ghd PHAldAle &
AR, HTS AL, Romberg FAL
el Bzlolide] wlgAdte| Hla] &38| B4

BREE

Aoz feotA wdvn dier, dAL T
(1994) €] o5 @zt A7 B 2224 908 015
kel Z1eH Tt B 0.28 me/m) & EAIHGOR
g AR S8 9, ANEs, A8, #
A7) Ask, AlgAe gol WA Tl He] #<]
s wkem EY NASFEE e Tl
3 ZhAgIRIE felaA wsktta Haslet o]
oA B whel o] of] itolla] ek ol
¢ FF 9 e Hasta gl
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A, FR A%, A Ay g
A 71908 Heg 4
£ AT HEN Hed Aow AztErt

A 2RSS BF P2t %Eﬂg R
o =l

E i
09'4 A
=
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=
ok
>
o
n)
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o U 28 52 545995, 1 w/d °) (76
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A, 4009 Fd A} T TAFE L33L
8.20+6,14 7, wl-E&HT 3.30+4.19 7 °I9 =,
50uhe] B 9 44 Z45E 10.78+7.88 A,
B84 5.48+6. 14 7Mejien, 50tiolr FAA
22 {0 zto]lE EATH(p<0.05). °l#g 2o
Ao F7HEFE w3t A4 vl 9 F
T4t Bobzl A Wz 2 &3t Hd
#wyalr] oHeH F5 uS Be AF HEV}
olok & Foz Algdr)
B AellAe] 1 AL Adte B 53 gon,
447 ST EF FA W deon,
GOT, GPT, 7GTPAIA &3] Hl&ygwwt
obzb wSkout AR SRR3R et oleldt
A= Horiuchi 5(1970)9] A7l &332
H G- Tt Zpolzh flled, ©A] 3H71% AL
¢l E3 GOT 6%, A GPT 19e] FAAE
oyt 3 27, ddE (1995, HAAE %
(1994), ¥ F(199) ¢ EaodA= &5
H]S4 77l §oj gk Apolrt gidivta o A YA
tgiou), Charles $(1979) & 28 43 5dl
F 2yl FErE dREENT HET
7t Z7Rl A @ Ao R v o] Hol izt
29 H gL wRd MHer Z2EHUE AT
ojg] 7] Wgrt & JheAel JoBR FF B
A7 o 28 Ao AzE
SR a3, §F9 G5, F A%y,
A 2 F 83 Al T 71F, W ¥

¢

30 N oox (lf
o
Ho

{

O

o

¥

N
)
-
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LS 2 ok offr ot )y el s

F b s7tacte Ae Z AhAA

9 AFer o3P wet BHste g Ee

Tl e weE ez dAddein, &

Z 84 ded 8% ¥ b Wt ¥ vxe
~10d o] gE&wel Hiske ozt Egkont FA
o7 fo@ Aol gl

T dF W =Y kT Wt vt
AN L y(ud B = (w/1))=0.141x (8
% W3 TE(w/dl))+0.835 °Ix, FdEAFE
0.269(p<0.05) 019l eH, ole A& F(1994) 9
0.25(p<0.05) % FAIStAT. 3 715 U3t v

S ( mg/m?))=0,068x =% W3t B (ug/ 1))+0.007
ollar, A#AlTE 0.601(p<0.01)cl%leH, o

o

AAl A S F(1994) 9 0.60 (p<0.0
Abslgiel, 715 W3t TR 85 W 5] 3
A AAe y(F7%F B = ( me/md)=0, 058x
(EF 97t T (ug/d))+0.103 olRaL, FTASFE
0.268(p<0.05) eIl en], ols A& F(1994) 2]
0.49(p<0.01) o} tha wEskow o3 zlele
ZA AR Abeld] 71918k Ao AlRET
3, SVHeM e 7F Bty HeseE %
Zr B A% 5 ng/me, FHEF AL 1 ong/mo
2 Fsla ddom (=T, 1998), 59 =5 97
sxol dig Y FRAE 47 10 we/dl, 10 ug/
12 Fakm Sl (agy, 1989), ® A7) A%
]

& 0,1 mg/miE

2 %

g A §HTES WIER J=e oz <l
ARG B=g St onn I olge YHE
ZE vde] od Holzt FF olF Fol FA
AE AZER diF vl glo} 7|28 E AP
izl & ATE AlfEATh.

gy B dyae SAYE dte 224 60
HE TR gt 5Y FA B FAAdA LF
s 43 Aol Ad gl 224 608 A - d
# A7) P oA R EHT LR Flo] o]E59] V)
Z 89% 9 2F U] v=E Astn oAy

A=

2 o gA2e /1% 8% % w3 U )

[e]
C SR FEE 0.15+1.66 ne/m, 1.13+1.38 us/

dl R 2.52+1.37 wug/! ZA w]EHT ¥F ¥
k% w7re] 71E T 25E 1.09+1.68 we/dl 2
1.86+1.34 we/ 1o, u¥ ¥ = o]
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(P<0.05). &HTY oFd HirdAMe
Palmomentle ¥2(23.3 %), A4 (20.0 %), ¥
2550 %) 59 €z FAES 2y 43

T F8 gAY e v ¢ 7199 A

(66.7 %), & R B ANGLT %), %
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= ”JZ_]'%EQF h:% A (r=0.269), 715 Wi
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4 E: 8% 49 85 ¥ 557} 9
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59 21 A 3
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1994;6(1) :98-112.
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7. 1989;325- 329
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