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— Abstract —

Assessment of Neurobehavioral Performance
among Welders Exposed to Manganese
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Objectives @ A cross sectional study was carried out in the welders exposed to man-
ganese and control group. The aim of this study was to assess the adverse effects of man-
ganese on central nervous system of welders.

Methods : The study group consisted of 49 welders and the reference group. 49 work-
ers matched with welders for age and educational level in automobile manufacturing com-
pany. Concentration of manganese in welding hume, in blood, and cumulative exposure
index(CEI) were determined for each subject. For each group. computerized neurobehav-
ioral test including Simple Reaction Time, Digit Symbol, Digit Span, and Finger Tapping
Speed of Swedish Performance Evaluation System were applied.

Results : Exposure level of manganese in welders were very low(mean CEI: 0.069).
Welders exposed to manganese had slower response speed, slower motor steadiness, and
shorter memory span than control group. But these differences were not statistically sig-
nificant. The performance of Finger Tapping Speed tended to lower as environmental and
biological exposure index got higher. Other neurobehavioral tests were found to have a
little association with the exposure indices.

Conclusions : There was no significant difference of neurobehavioral performance
between welders and control group. This study indicates that Finger Tapping Speed mea-
suring motor steadiness might be a one of useful tests for early detection of adverse
effects of welding on central nervous system.
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Table 1. General characteristics of welders and control group

Characteristics Welders Control Significance
Age(yrs.)
~29 4( 8.2 %) 4( 8.2 %) NS
30~34 16(32.7 %) 16(32.7 %)
35~39 15(30.6 %) 15(30.6 %)
40~44 8(16.3 %) 8(16.3 %)
45~ 6(12.2 %) 6(12.2 %)
Mean £+ SD 36.9+5.7 36.8+5.7
Educational level
Middle school 11(22.4 %) 12(24.5 %) NS
High school 38(77.6 %) 36(73.5 %)
Junior college 1(2.0 %)
Working duration (yrs.) 11.6+5.0 8.8+t4.5 0.01
Alcohol drinking(days/week)
None 13(26.5 %) 15(30.6 %) NS
1~2 31(63.3 %) 25(51.0 %)
3~4 5(10.2 %) 9(18.4 %)
Smoking
None 11(22.4 %) 16(32.7 %) NS

{ 1pack/day
> lpack/day

9(18.4 %)
29(59.2 %)

15(30.6 %)
18(36.7 %)
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Table 2. Work3 related characteristics of welders

Characteristics No. %
Duration of welding(yrs.)
~ 4 9 18.4
5~10 14 28.6
11~14 15 30.6
15~19 7 14.3
20~ 4 8.2
Mean + SD 10.1 £ 6.1
Welding hours in a days(hrs.)
~1 19 38.8
2~3 18 36.7
4~5 7 14.3
6~ 5 10.1
Mean + SD 2.6+ 2.0
Main type of welding
Shielded metal
arc welding 31 63.3
CO, arc welding 15 30.6
O, acetylene welding 3 6.1
Exposure to other chemicals
None 14 28.6
Organic solvents 20 40.8
Lead 9 18.4
Other 6 12.2
Respiratory protective mask
None 25 51.0
Yes 24 49.0
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Table 3. Concentration of manganese in welding fume, blood and cumulative exposure index* of

welders

Characteristics No. % Mean & Dispersion

Mn in Fume (mg/m’)
< 0.01 32 69.6 GM 0.0086
0.02~0.1 8 17.4 SD 1.95
0.2~0.5 6 13.0 Range 0.0002-0.464

Mn in blood (ug/d!l)
< 0.99 8 16.3 AM 1.518
1.00~1.49 18 36.8 SD 0.475
1.50~1.99 14 28.5 Range 0.81-2.48
2.00~9 18.4

CEI * (mg/m’X exposure yrs.)
< 0.04 23 50.0 GM 0.069
0.05~0.09 8 17.4 GSD 2.26
0.10~0.99 8 17.4 Range 0.00-11.61
1.0~ 7 15.2

GM, Geometric mean.
AM, Arithmatic mean.

* Cumulative exposure index(CEI) = the concentration of manganese in welding fume(mg/m°) X

the duration of welding(years).

Table 4. Results of neurobehavioral performance test of welders and control group

Test Welders Control

Simple reaction time

Reaction time(msec) 291+60 282+30

SD(msec) * 54.7+20.5 45.4+23.6
Symbol digit

Reaction time(msec) 3,077+£382 3,011£508

SD(msec) * 893274 1,094+501

No. of error 1.51+1.73 1.34+1.70
Digit span

Length of memory span 7.84+1.4 7.74£1.69
Finger tapping speed

(No. of taps/10sec)
Dominant hand 65.4+7.4 66.1+7.0
Nondominant hand 58.8+7.0 59.0£8.0

oog o o
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Table 5. Results of neurobehavioral performance test by work related characteristics of welders

Work related characteristics Simple RT Symbol digit Digit span Finger TS
mean RT SD mean RT  SD D-hand Nd-hand
Duration of welding(yrs.)
~4 289 49.1 2,911 925 8.04 69.6 61.8
5~10 305 52.0 3,066 901 7.64 67.8 60.9
11~14 296 57.4 3,202 938 7.91 64.8 58.6
15~19 275 52.6 3,228 908 7.79 62.4 56.6
20~ 274 71.5 3,207 993 7.75 55.5 52.3
Welding hours in a days(hrs.)
~1 294 53.0 3,010 934 8.27 68.8 62.3
2~3 286 55.7 3,183 968 7.63 63.5 57.1
4~5 290 56.3 3,296 835 7.07 63.0 57.3
6~ 311 58.2 2,906 870 7.90 63.0 55.4
Main type of welding
Shielded metal arc welding 295 55.0 3,173 936 7.78 65.1 58.4
CO, arc welding 290 57.0 2,880 815 7.97 67.3 60.9
O, acetylene welding 258 40.0 2,966 1,070 8.17 66.7 61.3
Exposure to other chemicals
None 306 57.8 3,124 1,018 8.29 67.4 60.7
Organic solvents 294 54.3 3,171 879 7.43 66.5 60.2
Lead 260 50.4 2,973 949 7.72 63.3 57.0
Other 291 51.2 3,028 754 8.00 60.7 54.3
Respiratory protective mask
None 288 49.1 3,061 1,033 7.75 65.3 58.6
Yes 283 53.8 3,025 902 7.90 67.1 60.1

RT, Reaction time: TS, Tapping speed: D-hand, Dominant hand: Nd-hand, Nondiminant hand.

332



ALS

e s
CASAEY 8832

A
on
a
N
il
il
1o
>
N
OIM
o
N

Table 6. Results of neurobehavioral performance test by exposure level and blood level of manganese

Work related characteristics Simple RT Symbol digit Digit span Finger TS
mean RT SD mean RT SD D-hand Nd-hand
Mn in Fume (mg/n?)
<0.01 286 52.0 3,006 868 8.03 66.6 60.6
0.02~0.1 321 61.0 3,395 1,028 7.40 61.8 55.4
0.2~0.5 281 51.2 3,139 907 7.50 67.8 59.5
Mn in Blood (ug/dl)
<0.99 269 51.9 2,997 985 8.72 69.9 64.0
1.00~1.49 297 55.3 3,153 892 7.55 66.1 59.3
1.50~1.99 303 60.7 3,156 991 7.37 64.1 58.7
2.00~ 291 46.2 3,033 859 8.35 64.3 56.5
CEIL * (mg/m*X exposure yrs.)
<0.04 294 50.7 2,945 842 8.04 67.9 61.8
0.05~0.09 275 54.0 3,404 1,180 7.93 62.9 58.0
0.10~0.99 326 62.0 3,267 958 7.39 63.6 56.7
1.0~ 272 50.1 3,172 879 7.64 65.7 58.3

* Cumulative exposure index(CEI) = the concentration of manganese in welding fume(mg/n) X the dura-
tion of welding(; Tanaka$} Lieben. 1969years).
RT, Reaction time: T'S, Tapping speed: D-hand, Dominant hand: Nd-hand, Nondiminant hand.
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