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= Abstract =
A study on manganese health hazards among experienced welders

Gyu-hoi Kim, Hyun-Sul Lim, Sunhee Yu

Department of Preventive Medicine, College of Medicine, Dongguk University

This study was conducted to evaluate the health hazards and to develop early diag-
nostic methods of the manganism in experienced welders and to know the meaning of
signal intensities on the brain Magnetic Resonance images. It was carried out from Dec
ember 1996 to February 1997 with 277 male welders, the duration of welding was at
least 5 years or more. The study was consisted of a questionnaire, physical examin-
ation and measurements of blood & urine manganese concentrations. Brain Magnetic
Resonance imaging was done on 19 study subjects by random sampling.

As the duration of welding increases, the positive rates of clinical symptoms, neuro-
logical examinations and blood manganese concentrations were also increased. How-
ever, physical examinations and urine manganese concentrations were not statistically
significant with the duration of welding. Authors couldn’'t observe any
Parkinsonism-like diseases.

There were statistically significant correlations between duration of welding and
blood manganese concentrations(r=0.16, p(0.0l). There were not statistically signifi-
cant correlations between duration of welding and urine manganese concentrations
(r=0.06). There were statistically significant correlations between blood & urine man-
ganese concentrations(r=0.34, p(0.0l).

By viewing brain Magnetic Resonance images, 13 welders(68.4 %) among 19 welders
were found to have signal intensities. The positive rates of clinical symptoms, physical
examinations, neurological examinatjons and blood & urine manganese concentrations
were not statistically different between those with signal intensities and those without

signal intensities.
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We would like to suggest that some non-specific clinical symptoms and neurological signs are

correlated with the duration of welding but any Parkinsonism-like diseases had not been obser-

ved with these welders. Next we suggest that the high signal intensities on TIWI of brain Mag-

netic Resonance images are not the sign of manganese intoxication but the sign of manganese

deposition.

Key words : Welding, Manganese, Magnetic Resonance imaging, High signal intensity, Neuro-

logical examination
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Table 1, Condition of atomic absorption for
analysis of blood & urine manganese
concentrations

Temperature () Duration (sec)

Drying 120 10
Ashing 500 20
Atomizing 2300 3
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Table 2, Distribution of general characteristics of study subjects by duration of welding

Duration of welding(years)

5-9(n=87} 10-14(n="70) 15-19(n=60} 20<(n=60)
Contents No.  Relative No.  Relative No. Relative No. Relative P-value
frequency(%) frequency(%) frequency(%) frequency(%)
Age (years} 0.0000%*
<40 58 66.7 42 60.0 31 51.7 10 16.7
0= 29 333 28 40.0 29 48.3 50 83.3
MzsD' : 36.5+8.6 38.1+6.4 40.5+4.4 44.8%5.1 0.0000°
Alcohol drinking# ) . 0.1810"
No drinking 25 28.7 11 15.7 17 28.3 18 30.0
Monthly 2-3 times 20 23.0 22 31.4 20 333 9 15.0
Weekly 1-2 times 38 43.7 © 32 45.7 19 31.7 23 383
Weekly 3-4 times 3 3.4 4 5.7 3 5.0 10 16.7
Dajly 1 1.1 1 1.4 1 1.7 0 0.0
Smoking 0.4110"
Non-smoker 8 9.2 13 18.6 9 15.0 9 15.0
Ex-smoker 8 9.2 9 129 10 16.7 10 16.7
Smoker 71 81.6 48 68.6 41 68.3 41 68.3
Education level 0.0010**
Middle school or below 39 44.8 37 529 36 60.0 46 76.7
. High school or above 438 55.2 33 47.1 24 40.0 14 23.3
Marital status 0.0000"*
Married 66 75.9 61 87.1 60 100.0 60 100.0
Single 21 24. 1 9 12.9 0 0.0 0 0.0

* comparison by X’-test among groups A

$ comparison by ANOVA test among groups

** comparison by X*trend test among groups

# Alcohol drinking is a statistical analysis by two groups (no drinking, drinking)
' M£SD; mean * standard deviation
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Table 3. Distribution

of work characteristics of study subjects by duration of welding

Duration of welding(years)

5-9(n=87) 10-14(n=170) 15-19(n=60) 20<(n=60)
Contents No. Relative No. Relative No. Relative No. Relative P-value
frequency(%} frequency(%) frequency(%) frequency(%)
Type of welding 0.27807
Electric arc 46 52.9 35 50.3 32 53.3 33 55.0
CO, arc 30 345 25 35.7 16 26.7 12 20.0
Others 11 12.6 10 14.3 12 20.0 15 25.0
Starting age of welding (years) 0.0000°
Mean * Standard deviation 27.8+7.7 26.3+5.3 24.0+4.2 21.81+4.5
Daily welding time (hours) 0.5130°
Mean * Standard deviation 8.1+1.8 8.31+20 8.2+%22 77123
Working days in 2 month 0.1280°
Mean % Standard deviation 24.61+3.9 25.3%3.1 25.1+4.4 26.1+29
+ comparison by X’-test among groups
s comparison by ANOVA test among groups
Table 4. Distribution of use of protective devices of study subjects by duration of welding
Duration of welding(years)
5-9(n=87) 10-14{n=70) 15-19(n=60) 20< (n=60)
Contents No. Relative No. Relative No. Relativé No. Relative P-value
frequency(%) frequency(%) frequency(%) frequency(%)
Anti-dust mask 0.3130
Never 10 11.5 4 5.7 7 11.7 3 5.0
Often 28 32.2 27 38.6 22 36.7 30 50.0
Always 49 56.3 39 55.7 31 51.7 27 45.0
Anti-toxic mask 0.6510
Never 63 72.5 58 . 82.9 48 80.0 46 76.7
Often 13 14.9 6 8.6 7 11.7 10 16.7
Always 11 12.6 6 8.6 5 8.3 4 6.7
Goggles ) 0.5910
Never 21 24.1 16 229 9 15.0 9 15.0
Often 28 322 18 25.7 22 36.7 19 31.7
Always 38 43.7 36 51.4 29 48.3 32 53.3
comparison by X’-test among groups
3) ST AR AE 4 280k st Al 1357 (48.7%) 2.2 7
7 vhad A8 o P A8Fl 146862 % Bakort A8aHA Qe ARE 559(19.9%)012
7%)22 71 gsten, W npAag 38 R e & o Al 7HA] 2R SRR E f2l g Aol glol
& Qhetol 215%(77.6%) 1T}, BtE 8 A F = THp)0.05, i 4)



Table 5. Positive rate of clinical symptoms among study subjects by duration of welding(age-adjusted)

Duration of welding (years)

Clinical symptoms 5-9(n=287) 10-14{n=70) 15-19(n=60} 20<(n=60) p-value
No. % No. % No. % No. %
Fatigue 37 39.8 34 46.6 28 46.6 25 36.9 0.8267
Indigestion 19 20.8 12 15.6 13 21.7 9 17.1 0.7390
Urinary frequency 13 13.0 10 13.7 15 25.0 20 32.0 0.0018
Coughing 12 13.8 11 16.0 17 28.4 16 28.0 0.0093
Tinnitus after working 8 10.3 3 3.6 3 5.0 7 15.1 0.4583
Anorexia 7 6.1 6 7.3 3 10.0 6 14.1 0.0925
Hearing loss 8 7.8 10 14.3 9 15.1 9 12.9 0.2883
Tinnitus 10 12.9 11 15.0 19 319 15 22.9 0.0200
Visual difficulty 8 8.7 7 9.6 8 13.4 8 12.0 0.5036
Tremor 6 6.1 5 6.6 1 1.6 7 11.0 0.3956
Depression 10 9.6 5 7.1 12 20.0 10 18.0 0.0286
Numbness 22 24.2 13 17.4 17 28.3 12 15.9 0.5944
Insomnia 8 7.8 1 1.2 3 5.0 4 8.0 0.8867
Difficulty in understanding {words) 4 43 2 24 1 16 4 8.0 0.4399
Amnesia 14 16.4 15 20.3 17 28.3 12 24.1 0.0986
Nervousness 14 14.7 10 13.7 13 21.7 16 32.1 0.0096
Difficulty in understanding (work] 4 5.1 7 9.6 7 11.6 9 129 0.0624
Difficulty in attention 11 11.3 16 21.6 10 16.5 10 13.9 0.8193
Hypoesthesia 7 7.0 13 17.4 6 10.0 6 10.0 0.7427
Anosmia 3 3.5 7 9.0 4 6.7 8 16.1 0.0109
Personality change 8 10.3 5 6.6 4 6.8 3 3.0 0.1147
Headache 22 22.6 12 15.6 16 26.7 14 22.0 0.8116
Weakness, upper extremities 9 9.5 5 6.1 3 5.0 6 5.9 0.3600
Weakness, lower extremities 10 10.4 2 2.4 4 6.7 7 11.0 0.7521
Pain, upper extremities 9 12.0 9 11.4 7 11.7 8 12.0 0.9662
Pain, lower extremities 8 7.8 14 18.6 11 18.3 10 13.9 0.2934
Sweating 15 17.2 15 20.9 7 11.7 13 29.2 0.2059
Walking difficulty 1 1.7 2 3.0 2 3.4 1 1.0 0.7201
Libido change 12 13.0 18 25.1 11 18.3 14 22.0 0.2696
Drooling 2 2.6 1 1.2 0 0.0 1 1.0 0.5514
Difficulty in writing 4 5.1 5 7.1 2 33 5 13.1 0.1106
Dizziness 11 10.5 10 14.3 5 8.4 7 11.0 0.9454
Amnesia (speech) 14 155 15 20.3 12 20.1 13 25.1 0.2059
Speech disturbance 7 6.1 8 10.8 6 10.0 4 8.0 0.5799
Behavioral change 4 43 4 4.9 4 6.6 6 10.0 0.1653
Monotonous voice 2 1.8 3 3.6 0 0.0 1 1.0 0.4640
Weak voice 4 3.5 6 8.4 5 0.8086

8.3 2 2.0

comparison by X*-trend test among groups
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Table 6. Positive rate of neurological examinations among study subjects by duration of welding
(age-adjusted) V

Duration of welding (years)

Neurological examinations 5-9(n=87) 10-14(n=70} 15-19(n=60} 20<(n=60) p-value
No. % No. % No. % No. %

General appearance

Appearance {masked face) 0 0.0 0 0.0 0 0.0 ] 0.0 -
Postural instability 0 0.0 0 0.0 0 ’ 0.0 0 0.0 -
Thinking process abnormality 0 0.0 1 1.2 0 0.0 1 1.0 0.4063
Dystonia 0 0.0 0 0.0 0 0.0 0 0.0 -
Speech abnormality 0 0.0 0 0.0 0 0.0 0 0.0 -
Reflex
DTR abnormality
Right 21 25.8 10 14.3 12 19.9 9 171 0.2775
Left : 21 25.8 10 14.3 12 19.9 9 17.1  0.2775
Tone abnormality
Right 0 0.0 0 0.0 0 0.0 0 0.0 -
Left ) 0 0.0 0 0.0 0 0.0 0 0.0 -
Palmo-mental reflex
Right 4 5.1 2 3.0 3 5.0 2 20 0.5036
Left 2 2.6 2 3.0 3 5.0 2 2.0  0.9209
Snout reflex
Right 0 0.0 0 0.0 1 1.7 1 1.0 0.1455
Left 0 0.0 0 0.0 1 L7 1 1.0 0.1455
Myerson sign 4 6.0 3 4.2 3 5.0 3 29  0.554]
Cogwheel rigidity
Right 0 00 0 0.0 0 0.0 0 00 -
Left ' 0 0.0 0 0.0 0 0.0 0 00 -
Resting tremor
Right 17 18.1 16 24.8 19 31.7 14 220 0.3701
Left 13 13.9 17 26.0 19 31.7 15 22.9  0.0804
Cerebellum
Finger-to nose abnormality
Right 0 0.0 0 0.0 0 0.0 2 20  0.1420
Left 0 0.0 0 0.0 0 0.0 1 - 10 0.1420
Intention tremor
Right 8 9.5 11 16.6 16 26.8 15 27.1 0.0023
Left 7 8.6 11 16.6 16 26.8 15 27.1  0.0011
Dysdiadochokinesia
Right 0 0.0 0 0.0 1 1.7 1 5.1 0.0121
Left 0 0.0 0 0.0 0 0.0 0 0.0 -
Gait
Tandem walking abnormality
Right 1 1.7 0 0.0 1 1.7 0 0.0 0.6747
Left 0 0.0 0 0.0 1 1.7 0 0.0  0.5578
Romberg test abnormality 0 0.0 0 0.0 0 0.0 0 0.0 -

comparison by X*-trend test among groups
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Table 7. Comparison of laboratory findings among study subjects by duration of welding

Duration of welding(years)

Contents 5-9(n=87) 10-14(n=70) 15-19(n=60) 20<(n=60) P-value
Mz%sD' M+SD' M=+sD' M=+SD'
Blood pressure (mmHg) A
Systolic 131.5+17.0 128.6+14.7 130.3+11.6 133.0+17.4 0.412
Diastolic 84.0+8.8 82.919.8 84.7+7.5 85.0+11.0 0.567
Grip strength (kg) )
Dominant hand 44.1+6.0 43.8+5.8 43.2+6.0 43.6+6.4 0.840
Non-dominant hand 42.0+6.0 42.2+6.2 41.0£5.7 41.91+6.0- 0.691
Blood Mn concentration (mg/dZ) 3.5%2.7 3.74+2.6 3.6%23 5.1+3.7 0.005
Urine Mn concentration (mg/2 ) 3.2+3.7 3.6+3.3 3.1+33 41+36 0.410

comparison by ANOVA test among groups
' M+SD; mean +standard deviation
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Table 8. Positive rate of |aboratory findings and
abnormal blood & urine manganese
concentrations among study subjects
by duration of welding {age-adjusted)

Duration of welding (years)

5-9 10-14  15-19 20<

Contents (1=87) (=700 (n=60) (n=+60) P-value
No. % No. % No. % No. %
Blood pressure
Systolic 30 345 19 27.1 18 30.0 29 48.3 0.0640
Diastolic 43 49.4 31 443 33 55.0 35 58.3 0.3890

Blood Mn concentration 3 3.4 1 14 1 17 5 83 0.1878
Urine Mn concentration 4 46 4 57 3 50 3 50 09423

comparison by X*-trend test among groups

43 243G 9§ 39 P42 vinde & 2
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Table 9. Positive rate of clinical symptoms
among study subjects by blood man-

ganese concentration (age-adjusted)

Blood Mn cncentration{ug/df)
<10(n=267) 10<(n=10) .p-value
No. %  No. %

Clinical symptoms

Fatigue 118 441 6 719 0.1933
Indigestion 50 187 3 409 0.1082
Urinary frequency 54 202 4 380 0.2254
Coughing 54 203 2 140 0.6924
Tinnitus after working 21 7.9 0 0.0 1.0000
Anorexia 21 7.8 4 48.0 0.0009
Hearing loss 34 127 2 140 1.0000
Tinnitus . 54 203 1 7.0 0.6924
Visual difficulty 27 101 4 380 00168
Tremor 17 6.4 2 240 01443
Depression 35 131 2 240 06278
Numbness 56 209 8 8.0 0.0000
Insomnia 14 5.2 2 240 01074
Difficulty in understanding (words} 11 41 0 00 10000
Amnesia 56 209 2 240 1.0000
Nervousness 47 176 6 620 0.0043
Difficulty in understanding (work) 24 9.0 3 310 00624
Difficulty in attention 43 160 4 480 0.0163
Hypoesthesia 28 104 4 480 0.0029
Anosmia 20 7.6 2 156 05516
Personality change 19 71 1 7.0 05334
Headache 59 220 5 550 00128
Weakness, upper extremities 22 8.2 1 7.0 0.5860
Weakness, lower extremities 22 8.2 1 7.0 0.5860
Pain, upper extremities 21 116 2 339 01110
Pain, lower extremities 38 142 5 550 0.0015
Sweating 47 176 3 310 03939
Walking difficulty 5 1.9 1 7.0 0.199
Libido change 50 187 5 550 0.0058
Drooling 3 1.1 1 7.0 01375
Difficulty in writing 14 5.2 2 140 04324
Dizziness 32 120 1 170 03531
Amnesia(speech) 50 186 5 4L5 0.1082
Speech disturbance 22 8.2 3 310 00511
Behavioral change 15 5.6 3 3L0 0.0208
Monotonous voice 6 22 0 0.0 1.0000
Weak voice 16 6.0 1 70 0.4749

comparison by Fisher’s exact test between groups
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Table 10. Positive rate of neurological exam-
inations among study subjects by
blood manganese concentratin
(age-adjusted)

Blood Mn cncentration(g/df)
<10(n=267 10<(n=10) p-value
No. %  No. %

Neurological examinations

General appearance

Appearance (masked face) 0 00 0 00 -
Postural instability 0 00 0 00 -
Thinking process abnormality 2 0.8 0 00 1.0000
Dystonia 0 0.0 0 0.0 -
Speech abnormality - 0 00 0 00 -
Reflex
DTR abnormality
Right 51 191 1 7.0 0.6937
Left 51 191 1 7.0 0.6937
Tone abnormality
Right 0 00 0 00 -
Left 0 00 0 00 -
Palmo-mental reflex
Right 11 4.1 0 0.0 1.0000
Left 9 30 1 55 10000
Snout reflex
Right 1 0.4 1 7.0 0.0710
Left 1 0.4 1 70 0.0710
Myerson sign 13 49 0 0.0 1.0000
Cogwheel rigidity
Right 0 0.0 0 0.0 -
Left 0 0.0 0 0.0 -
Resting tremor
Right 6l 229 4 480 0.06l6
Left 60 225 4 480 0.0580
Cerebellum
Finger-to nose abnormality
Right 2 0.8 0 0.0 1.0000
Left 1 0.4 0 0.0  1.0000
Intention tremor .
Right 46 180 3 2L1 0.0853
Left 46169 4 380 0.0800
Dysdiadochokinesia
Right 2 0.8 0 0.0  1.0000
Left 1 04 0 00 1.0000
Gait
Tandem walking abnormality
Right 2 0.8 0 0.0  1.0000
Left 1 0.4 0 0.0 1.0000
Romberg test abnormality 0 00 0 00 -

comparison by Fisher's exact test between groups

tp, ‘SlRgzte] Aud E4A A b, ‘wezt 2}
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ol A f-eJ g zfol7t §11TtHp)0.05, F 11).

Table 11. Positive rate of abnormal laboratory
findings among study subjects by
blood manganese concentration

Blood manganese
concentration (ug/d)

Contents <10(n=267) 10<(n=10) P-value

No. % No. %

Blood pressure#
Systolic 90 337 6 347 0.1000
Diastolic 135  50.6 7 70.0 0.3360
Grip strength (kg)® Mean  SD' Mean  SD'
Dominant hand 43.8 6.1 425 5.2 0.5420

Non-dominant hand 41.9 6.0 39.7 5.0 0.2790

e comparison by Mann-Whitney U test between groups

# comparison by Fisher's exact test between groups

' $D; standard deviation
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Table 12, Positive rate of clinical symptoms

among study subjects by urine man-

ganese concentration(age-adjusted)

Table 13. Positive rate of abnormal neurological

examinations among study subjects by urin-

e manganese concentration (age-adjusted)

Urine Mn concentration{ug/ 2 )

Urine Mn concentration(ug/ ¢ )

Clinical symptoms <10(n=263) 10<(n=14) p-value Neurological examinations <10{n=263) 10<(n=14) p-value
No. % No. % No. % No. %
Fatigue 121 459 3 305 02014 General appearance
Indigestion S0 190 4 305 04850 Appearance (masked face) 0 00 0 0.0 -
Urinary frequency 56 213 2 156 07412 Postural instability 0 00 0 00 -
Coughing 3 202 3 164 07435 Thinking process abnormality 1 0.4 1 102 0.0987
: Dystoni 0 0.0 0 0.0 -
Tinnitus after working 20 76 1 5.5 1.0000 ystoma .
Speech abnormality 0 00 0 00 -
Anorexia 24 9.1 1 10.2  1.0000
Reflex
Hearing loss 35 7.9 1 211 0.1102 DTR abnormality
Tinnitus 54 20.6 1 10.2 03153 Right 46 17.5 6 46.9 0.0074
Visual difflculty 31 11.8 0 0.0 03790 Left 46 175 6 469 0.0074
Tremor 19 7.2 0 0.0 06084 Tone abnormality
Depression 35 133 2 156 1.0000 Right 0 00 0 00 -
Numbness 59 24 5 462 01025 Left 0 00 0 00 -
Insomnia 15 57 1 102 05742 Palmo-mental reflex
i 1 4. 0 . .
Difficulty in understanding (words] 9 34 2 204 00173 Right ! 2 0.0 1.0000
Left 8 3.0 1 5.5 03774
Amnesia 54 205 4 36.0 0.1857
Snout reflex
Nervousness 49 186 4 30 0.1578 Right 2 0.8 0 0.0  1.0000
Difficulty in understanding (work) % 99 1 102 1.0000 Left 2 08 . 0 00 1.0000
leﬁculty in attention 45 17.1 2 204 07159 Myerson Slgn 13 5.0 g 0.0 1.0000
Hypoesthesia 29 110 3305  0.0706 Cogwheel rigidity
Anosmia 0 76 2 156 03071 Right ¢ 00 0 00 -
Personality change 18 69 2 156 0.2675 Left 0 00 0 00 -
Headache 63 B9 1 102 00188 R“““f tremor
i 6 23. 4 . .74
Weakness, upper extremities 22 8.4 1 102 1.0000 Right ! 3 313 07459
Left 60 229 4 313 0.7444
Weakness, lower extremities 22 8.4 1 102 1.0000
) - Cerebellum
Pain, upper extremities 31 118 2 204 03916 Finger-to nose abnormality
Pain, lower extremities 40 15.2 3 305 02491 Right P 0.8 0 0.0  1.0000
Sweating 48 182 2 156 1.0000 Left 1 0.4 0 0.0 1.0000
Walking difficulty 5 19 1 102 0.269% Intention tremor
Libido change 51 19.4 4 313 0.4883 Right 47  18.0 321 0721
Drooling 3012 1 102 01883 Left % 176 3 21 07194
Difficulty in writing 1557 1 102 05742 Dysdiadochokinesia
Dizziness 32121 1 102 1.0000 Right Loooa 135 0097
- Left 0 0.0 1 5.5 0.0505
Amnesia (speech) 49 186 5 4l5 00383 Gait
Speech disturbance 24 9.1 1 102 1.0000 Tandem walking abnormality
Behavioral change 15 5.7 3 305 0.0103 Right 2 0.8 0 0.0  1.0000
Monotonous voice 5 19 1 10.2  0.2696 Left 1 0.4 0 0.0 1.0000
Weak voice 16 6.1 1 102 05970 Romberg test abnormality 0 0.0 0 0.0 -

comparison by Fisher’s exact test between groups

comparison by Fisher's exact test between groups
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Table 14, Positive rate of abnormal laboratory
findings among study subjects by
urine manganese concentration

Urine Mn concentration(;g/ ¢ )

Contents ) <10(n=263) 10<(n=14) p-value

No. % No. %

Blood pressure#

Systolic 91 346 5 357 1.0000

Diastolic 137 521 5 357 0.2790
Grip strength (kg)® Mean  SD' Mean  SD'

Dominant hand 438 60 425 6.3 0.3010

Non-dominant hand 41.9 6.0 39.6 5.2 01570

Urine manganese concentration (ug/l)
L ]

Req=0.1182

Blood manganese concentration  (ug/dl)

Figure 3. Correlations of blood manganese con-
centrations and urine manganese con-
centrations (p(0.01)
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Table 15. High signal intensity of brain MRI by
duration of welding

e comparison by Mann-Whitney U test between groups
¢ comparison by Fisher's exact test between groups
' D : standard deviation

1) $871708 SR e el Bt A &
749l 322 HA7)39
huy

H(68.4%)0 A 2A S AT A7o] BET o] w7t 3
2ol oA} o]EL §3V|I7EE A A3}

Duration of welding

590=9)  10-1406=2) 15-190=5) 20<(n=3)

High signal No. Relative No. Relative No. Relative No. Relative P-value

intensity frequency  frequency  frequency  frequency
(%) (%) (%) ()
0.8793*
No 3383 0 00 2 40 1 333
Yes 6 667 2 1000 3 600 2 667

* Age-adjusted p-value comparison by Tetrend test among groups
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Table 16, Distribution of general characteristics
by high signal intensity at TIWI of
brain MRI

High signal intensity

No (n=6) Yes (n=13)

Contents ) No. Relative No. Relative p-value
frequency frequency
(%) %)
Welding type 0.0181°
Electric arc 3 50.0 3 231
€0, arc 0 0.0 8 61.5
Others 3 50.0 2 15.4
Anti-dust mask 1.0000%
Never 1 16.7 3 23.1
Often 5 83.3 4 30.8
Always 0 0.0 6 46.2
Anti-toxic mask 1.0000
Never 5 83.3 11 84.6
Often 1 16.7 2 15.4
Always 0 0.0 0 0.0
Goggles 0.0436%
Never 0 0.0 7 53.8
Often 4 66.7 2 15.4
Always 2 33 308

Starting age of welding” 268 105 268 87 0.8260
Duration of welding® 122 85 117 58 07230
Daily welding time* 70 25 85 10 00380

comparison by Fisher’s exact test between groups
¥ comparison by Mann-Whitney U test between groups
€ comparison by €02 arc welding and others{electric arc welding

include)
$

&

comparison by never and others(often and always)
comparison by never and others{often and a]ways)
1 <

" SD; standard deviation

& clRolAE frolsh g Agl ¥
202 ERIThp(0.05). 88412 Aot &
1IN R Aol el skt o

87 Aol 252 Y3k 1% 270 folah) &

< Siﬁi}(pm.os, E 17).

Table 17. Positive rate of clinical symptoms by
high signal intensity of brain MR

High signal intensity
Clinical symptoms No(n=6) Yes(n=13) p-value

No. % No. %

Fatigue 1 167 8 615 0141
Indigestion 2 333 7 538 0628
Urinary frequency 2 333 5 385 1.000
Coughing 1 167 3 231 1.000
Tinnitus after working 0 00 2 154 1.000
Anorexia 1 167 3 231 1.000
Hearing loss 0 00 2 154 1000
Tinnitus 0 0.0 3 231 0.517
Visual difficulty 0 00 2 154 1.000
Tremor 1 167 1 7.7 1.000
Depression 0 00 1 7.7 1000
Numbness 3 500 6 46.2 1.000
Insomnia 0 0.0 1 7.7 1.000
Difficulty in understanding (words) 6 0.0 0 0.0 —

Amnesia 2 333 3 231 1.000
Nervousness 1 167 2 154 1.000
Difficulty in understanding (work) 1 167 1 7.7 1.000
Difﬂculty in attention 1 167 3 231 1.000
Hypoesthesia 1 167 3 231 1.000
Anosmia 0 00 1 7.7  1.000
Personality change 1 167 0 00 0316
Headache 1 167 4 308 1.000
Weakness, upper extremities 0 00 0 0.0 -

Weakness, lower extremities 1 167 1 7.7 1.000
Pain, upper extremities 0 00 3 231 0517
Pain, lower extremities 2 333 3 231 1.000
Sweating 2 333 3 231 1000
Walking difficulty 0 00 0 00 -

Libido change 0 00 5 385 0128
Drooling 6 00 0 00 —

Difficulty in writing 0 00 1 7.7 1.000
Dizziness 0 00 2 154 1.000
Amnesia (speech) 2 333 1 77 0222
Speech disturbance 0 00 0 00 -

Behavioral change 0 00 3 231 0517
Monotonous voice 1 167 0 00 0316
Weak voice 0 00 0 00 -

comparison by Fisher's exact test between groups
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Table 18, Positive rate of neurological exam-
inations by high signal intensity of
brain MRI

High signal intensity
No(n=6) Yes(n=13) p-value
No. % No. %

Neurologic examination

General appearance

Appearance (masked face) 0 00 0 00 ~—
Postural instability 0 00 0 00 -—
Thinking process abnormality 0 00 0 00 -
Dystonia 0 00 0 00 -
Speech abnormality 0 00 0 00 -
Reflex
DTR abnormality
Right 4 667 6 46.2 0.6280
Left 4 667 6 46.2 0.6280
Tone abnormality
Right 0 00 0 00 —
Left 0 00 0 00 -
Palmo-mental reflex .
Right 0 00 1 77 10000
Left 0 00 1 7.7 10000
Snout reflex
Right 0 00 0 00 -
Left 0 00 0 00 -
Myerson sign 0 00 2 154 1.0000
Cogwheel rigidity
Right 0 00 0 00 -
Left 0 00 0 00 -
Resting tremor
Right 3 500 7 538 1.0000
Left 2 333 6 462 1.0000
Cerebellum
Finger-to nose abnormality
Right 0 00 0 00 —
Left . I 00 0 00 =
Intention tremor
Right 2 333 4 308 1.0000
Left 2 333 3 .231 1.0000
Dysdiadochokinesia
Right 0 00 0 00 -
Left 0 00 0 00 -
Gait
Tandem walking abnormality
Right 0 00 0 00 -
Left 0 00 0 00 -
Romberg test abnormality 0 00 0 00 —

comparison by Fisher's exact test between groups

Table 19, Positive rate of laboratory findings
and abnormal blood & urine manga-
nese concentrations by high signal
intensity of brain MRI

High signal intensity

Contents No{n=6) Yes(n=13)  P-value

No. % No. %

Blood pressure#
Systolic 3 50.0 5 38.5 1.0000
Diastolic 3 50.0 6 46.2  1.0000
Blood Mn concentration® 0 00 2 154 10000
Urine Mn concentration® 0 0.0 5 385 0.1280

Blood Mn concentration®  2.2817 1.0339 5.3931 3.5543 0.0350
Urine Mn concentration®  1.9700 2.1517 8.0462 8.1804 0.0870
Grip strength(kg)®

Dominant hand 493 7.0 43 82 0.0870

Non-dominant hand 482 58 41.5 6.0  0.0480

¥ comparison by Fisher's exact test between groups
e comparison by Mann-Whitney U test between groups
! SD; standard deviation

NT #

N
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