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— Abstract —

Performance of Neurobehavioral Tests Among Welders
Exposed to Manganese

Youngwoo Jin, Yangho Kim, Kyoo Sang Kim, Euna Kim,
Young-Sook Cho, Yong Chul Shin, Changho Chai, Yonghyu Choi,
Se-Hoon Lee*, Young Hahn Moon

Industrial Safety and Health Research Institute, Korea Industrial Safety Corporation
Department of Preventive Medicine, Catholic University, Seoul, Korea®

To study neurobehavioral effects for manganese fume exposure of welders, we adminis-
trated questionnaire about subjective symptom, related with manganese exposure,
Neurobehavioral Core Test Battery of World Health Organization(NCTB) and finger tap-
ping for 98 welders and 29 non-welding workers. We adopted welding duration as a crite-
rion for exposure assessment, because of the lack of the longitudinal valid data and dif-
ferences in airborne concentrations of manganese in welding types, such as shielded metal
arc and CO2 arc welding. Neurologic, musculoskeletal and concentration symptoms were
significantly increased by increase of welding duration. Performance of finger tapping
preferred hand, Santa Ana dexterity test preferred hand and correct number of pursuit
aiming were significantly decreased by increase of welding duration. These results compa-
rable with previous studies that suggest neurobehavioral test, especially motor test, to be
an appropriate tool to detect early neurobehavioral abnormalities related with manganeses
exposure.
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Table 1. Contents of subjective symptom
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Table 3. General and work related characteristics
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Table 2. Airborne concentration of total fume and
manganese

Concentration in air, mg/nv

Total dust  Manganese fume

Welding, arc**

Mean(SD)* 4.2(2.8) 0.14(1.8)

Median 3.90 0.13

Range 0.29 - 28.9 0.005 - 1.707
Welding, CO,

Mean(SD)* 25.2(2.4) 2.12.7)

Median 11.55 0.943

Range 0.28 - 87.55 0.005 -9.27

* note, data are geometric mean(SD): ** shielded

metal arc

Duration of welding(years)

Group 1| Group 1 Group I Group N
(0 (1-10) (11 -20) (21 -)

Number 29 38 44 16
Age(years)* 35.2+14.0 34.7£8.9 44.0%6.3 51.8+5.0
Education(years)* 10,7+ 2.4 10.6+1.8 9.3+2.1 9.2+2.0
Total work duration(years)* 10.0+ 8.6 9.1+5.9 18.6x4.1 25.0+3.4
Smoking(%)

Yes 22(75.9) 32(84.2) 31(70.5) 10(62.5)

No 7(24.1) 6(15.8) 13(29.6) 6(37.5)
Alcohol (%)

Yes 23(79.3) 31(81.6) 29(65.9) 13(81.3)

No 6(20.7) 7(18.4) 15(34.1) 3(18.8)

Data are mean+SD.: * p<0.01
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Table 4. Symptom score of subjects by duration of welding

Group ! Group 1 Group I Group V

(0) (1-10) (11 - 20) (21 -)

mucsle sx* 2.2%+2.0 2.6+2.9 3.7+3.2 4.3+3.1
angiety sx 0.8+1.2 1.3%+1.8 1.84+2.0 1.1+1.4
neurologic sx' 1.1+1.3 1.2+1.4 1.8+1.9 2.2+1.7
concentration sx' 1.5%£1.6 1.9+1.9 2.3%+1.9 2.9+1.7

Data are mean=®SD.; t p{0.01, *p<0.05

Table 5. Correlations between subjective symptoms(Sx) and neurobehavioral performance test

Muscle Sx Anxiety Sx Neurologic Sx  Concentration Sx

Simple reaction time(msec)

Mean 0.41** 0.30** 0.36** 0.31**

SD 0.24** 0.10 0.15 0.12
Santa Ana Dexterity Test

Preferred hand -0.20* -0.10 -0.20" -0.15

Non-preferred hand -0.24** -0.16 -0.21* -0.28**
Digit span

Forward -0.03 0.10 -0.03 0.04

Backward -0.09 0.01 -0.08 -0.07

Total -0.05 0.08 -0.05 0.00
Digit symbol -0.16 -0.10 -0.09 ~0.06
Benton visual retention Test -0.14 -0.16 -0.15 -0.10
Pursuit aiming

Correct dot -0.22* -0.10 -0.14 -0.04

Wrong dot -0.02 0.05 0.07 0.04

Total -0.22* -0.08 ~-0.10 -0.03
Finger tapping

Preferred hand -0.27** -0.13 -0.19* -0.09

Non-preferred hand -0.24** -0.13 -0.26** -0.19*

* p<0.05: ** p<0.01



2 BQl HAle SeukgAIRE A (p{0.05), =AM
:91’5}7}\7](;)(0.01) EXRMH7] ut2A He AF
(p€0.01), & A% (p€0.01), FAERRAAL $5(pX
0.01), 94(p<0.01)99 21, Santa Ana V344
AL @4(p0. D= AAYe FodE Eed, o
B8 4371 Frlel met FEee] FHadte
AL By

o] 2lo|% Santa Ana YHAGA HAF 5, =
A49]97] FAME fosiAle ¥hovt AU
ol we} FEgo] WolAe W& JEHT
(Table 6).

3. SEAATIZE EXYVIRE

ng, oido g

NZYSZAL SUSH-BEAEA
9 WSARERE AT A AN 2Yol

FolstA velton], Santa Ana RIAHAAHAL £
o} SRR vi2A AL Are dFI 4HAY

713t 2ol wEAE-S Bt

£HARY7IZLY Afolo] whE 5o jolE K
ol Arke FAERAAAL $42(p€0.05) R o™ Santa
Ana T3HAAAA $(p(0.05)F EHAA 7] vi2A
A AF(p0. )= A%} £32AA7IT] g
a2-89] FAA G $HZP7IY STt me 7
ES0e =

d#L Santa Ana 9HAYHA EF(F=0.35,
p<0.01), =A%) e (=-0.06, p<0.1) d&(B
=0.03, p<0.05), §AE=-0.10, p<0.1), TAFZ
AA7](f=~1.03, p<0.01), Benton Al4# 7194
AHB=0.10, p<0.01), EAFA7] vt2A B AF
(f=2.15, p0.01), &A(F=-2.40, p<0.01), X

ERIZHAL $47(8=-0.42, pC0.0D% EF(8=0.42,
pC0.0DellA Folel e 48 w2 FoJt i
£ E‘}i‘?}.

e 9d ol H71e A F3h 9d

Table 6. Unadjusted means of neurobehavioral test by duration of welding

Duration of welding(years)

0 1-10 11 -20 21 -

Simple reaction time(msec)’

Mean* 245.5(37.9) 251.4(30.7) 279.2(73.3) 307.1(76.4)

SD 64.7(75.6) 55.5(28.6) 70.3(53.1) 76.0(44.1)
Santa Ana dexterity test

Preferred hand 44.2(5.0} 43.0(6.1) 42.8(7.2) 39.5(6.6)

Non-preferred hand' 42.4(6.3) 41.7(5.4) 41.1(7.0) 37.3(7.8)
Digit span

Forward 7.8(3.2) 7.3(2.4) 6.4(2.5) 7.3(1.6)

Backward 4.7(1.5) 4.6(1.1) 4.11.4) 4.1(1.6)

Total 12.4(4.2) 11.8(3.1) 10.5(3.6) 11.3(2.3)
Digit symbol** 53.5(19.0) 51.2(15.4) 44.4(13.6) 37.2(10.4)
Benton visual retention Test 7.9(1.7) 8.0(1.3) 8.1(1.7) 7.9(1.4)
Pursuit aiming

Correct dot*™* 168.0(36.1) 166.5(34.4) 157.5(36.0) 127.0(36.7)

Wrong dot 17.9(14.1) 15.1(17.1) 12.7(14.1) 19.2(21.2)

Total™* 186.1(36.9) 181.6(36.4) 170.2(38.1) 146.2(41.0)
Finger tapping

Preferred hand** 65.4(9.4) 63.3(6.8) 56.2(9.2) 57.9(6.7)

Non-preferred hand** 58.1(9.2) 57.7(6.1) 52.9(8.6) 52.3(8.4)

note, data are mean(SD): # msec, 0(n=19), 1-10(n=21), 11-20(n=37), 21-(n=10).

t p<0.1 *p<0.05 **p<0.01.
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Table 7. Results of ANCOVA

Least square means Parameter estimate(SD)
Welding duration Total work duration
Model R? (years) (years) Education Age Age X Welding duration
Simple 0 244.3 -5 288.8
reaction 1-10  258.8 6-15  256.5
time 1120 281.0 1625  269.3 1.030.97)
13.7 21-  296.5 2%- 2658
Santa ana 0 44.3 -5 42.5 0 0
preferred 1-10 42.6 6-15 43.6 ~0.13(0.12) 1-10  -0.1(0.14)
hand 1120 447 1625 458 13(0. 11-20  -0.5(0.18)
22, 5% 21- 46.8 26- 46.6 2- -0.6(0.3)*
Santa ana 0 42.4 -5 35.5
nonpreferred 1-10 40.5 6-15 42.2 _ o>
hand 1120 409 1625 42.4 0.85(0.1)
17.6** 21- 39.5 26- 43.9*
Digit 0 7.7 5 6.5 i
e 2 M fos  ob 9 65 -0.06(0.09)
forward 1120 6.9 1625 7.0 "
20.2** 21- 7.8 26- gg <9 85
Digit 0 46 5 43 ) .
span 110 45 615 43 O 42 003012
backward 11-20 4.4 16-25 4.4
13.0° 21- 4.4 2- 50 <9 4T
Digit 0 12.3 5 10.8 )
span -0 11.8 615 113 =2 108 -0.10(0.05+
total 11-20  11.3 1625 119 -
21.6™ 21- 12.3 2%- 13.9 <9 131
Digit 0 50.2 5 394 ) "
symbol 110 47.6 615 466 O 430 -1.03(0.19)
Correct 11-20 44.6 16-25 51.8 -
46.5% 21- 46.9 26~ 545 <9 532
BENTON 0 8.1 5 6.5 ) "
16.1° -0 82 6-15 75 =9 80 -0.10(0.02)
1120 82 1625 8.6
21- 8.1 26- 0.0 <% 83
Aiming 0 1685 5 135.8 ) w 0 0
correct -0 162.7 615 1685 O 1633 -21500.6) 110 -0.2(0.70)
4.7 11-20 165, 1625 1818 g qog g 11-20  -1.6(0.90)
21-  186.2 %6  197.0° : 21-  -41(L7)+
Aiming 0 182.2 -5 139.8 ~ .
sum 1110 173.6 615 1745 <0 1644 -2.400.54)
29.8** 11-20 1701 1625  187.8 .
21-  162.7 26~  186.6* <0 1799
Tapping 0 64.0 -5 59.6
preferred 1-10 61.9 6-15 56.9 _ -
hand 1120 57.8 1625  60.4 0.42(0.12)
33,3% 21- 6.9° 26 63.5
Tapping 0 57.2 -5 53.4
nonpreferred 1-10 56.2 6-15 55.7 _ **
hand 11-20 543 1625 56.1 0.42(0.12)
23.9%* 21- 56.1 2- 58.6

*p<0.05 ** p<0.01 T :p0.1
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