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Effect on Computerized Neurobehavioral Test Performance of
the Car Painters Exposed to Organic Solvents

Kong Joon Sa, Jong-Hak Chung

Department of Medical Science, College of Medicine, Y eungnam University

A cross-sectional stﬁdy was performed to evaluate the effects of ‘chronic low-dose sol-
vent on neurobehavioral performance of 118 male car painters. A control group of 113
workers matched for age was selected from different sections of the factory.

The mean age and the mean duration of employment were 33 years and 6.7 years in
both groups. Mean years of education were 11.4 years in car painters and 11.8 years in
controls. Each worker completed a medical and occupational questionnaire and four tes-
ts of Swedish performance evaluation system. These included simple reaction time, sym-
bol digit, digit span and finger tapping speed.

Althougth the mean duration of employment was 6.7 years comparison of mean per-
formance showed a 51gn1flcantly poorer performance on simple reaction time (p < 0.05),
symbol digit(p < 0.01) and digit span(p < 0.05) in car painters. In univariate analysis,
age and educational level contributed to- poorer performance on symbol digit and digit
span. Smoking appeared to slow finger tapping speed in car painters. Performance of
four tests of car painters exposed to high level of solvent was poorer than that of car
painters exposed to low level.

In multiple regression models, controlling for age, alcohol, smoking and shift work,
solvent exposure was found to be associated with perfonhance ‘of simple reaction time,
symbol digit and digit span and exposure to high level of solvent was related to poorer
performance of symbol digit and digit span.

Key words: car painter, neurobehavioral test, computer
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AARE7) 5Aolsh BRAD A
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A5Ee)
=

3
X
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T o2 ¥ax

(neurasthenic syndrome) 52
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3ol {71 8Ao FZ=|jx ¥h-§-A| 7k (reaction
time), w7]17]} (short-term memory), *|Z}&%
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=4I 2T AARFTHA TR
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Zr3o] 3087 4msec, ) ZF-o] 2842.3msec 2.2 &

T

2:,

|
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& wskevt f9sixe Wit R £
HENFE 2] 1.6 7024 dxTe) 8.2
of vla} frolskA AUk (p <0.05). €712 1A
AR T2 e AT g 2P A $
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4ot A BRA 24T T 347}
Aol ovt 7 T2k zpol7} fol3kAl e ottt
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Table 1. General and work related characteristics of car painters and controls
Characteristics Car painters (n=118) Controls (n=113) p-value
Age(yrs.) 33.0 £ 44 331 £ 38 . NS
Education (yrs.) 114 + 1.2 11.8 + 0.9 0.01
Duration of employment (yrs.) 6.7 £ 3.2 6.8 + 3.0 NS
Shift work (%)
No 21.2 354 0.02
Yes 78.8 64.6
Alcohol (%)
No 26.3 354 NS
Yes 73.7 64.6
Smoking (%)
None 271 28.3 NS
< 1 pack /day 33.9 24.8
> 1 pack/day 39.0 46.9
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Table 2. Results of neurobehavioral performanec test for car painters and controls

Performance test

Parameter

Car painters(n=118)

Controls(n=113)

Simple reaction time Reaction time (msec) + 469 2425 + 328
Symbol digit ~Reaction time (msec) + 600.8* 28423 + 485.6
No. of error + 24 132+ 19
Digi
Pigit span Length of memory span + 143" 823 + 1.62
Fi ing d :
inger tapping spee No. of taps/10sec:
' Dominant hand + 6.1 66.33 £ 6.2
A Nondominant hand + 59 59.67 £ 6.0
*p<0.05 ** p<0.01 as measured by t-test.
Values are Mean + SD.
'féble 3. Results of simple rééctipn timeﬂf_or car painters and controls by characteristics (unit : msec)
Car painters (n=118) Controls (n=113)
Characteristics '
7 -No. Mean £ SD No. Mean + SD
. Age (yrs.) . :
<29 26 2602 £ 59.5 16 . 238.5 £ 25.7
30~34 57 256.7 + 39.5 65 239.2 £+ 31.5
35~39 24 2513 £ 32.2 23 250.6 = 33.4
40+ - 11 2689 + 74.6 9 2534 £ 485
Education (yrs.)
<9 23 265.0 + 53.2 10 228.0 + 204
10+ 95 2557 + 454 103 2439 + 335
" Duration of employment (yrs) | »
<49 32 260.5 + 54.6 30 232.1 £ 205
5:0~9.9 67 2564 + 389 70 248.3 + 36.9
10.0+ 19 256.6 + 60.1 13 2352 £ 254
Shift work .
No 25 2514 + 36.8 40 239.2 £+ 34.1
Yes 93 2592 £ 494 73 2444 + 32.1
Alcohol
No 31 2469 + 37.0 40 "247.3 + 36.0
Yes 87 261.3 + 49.6 73 239.9 + 30.8
Smoking
None 32 2512 £ 371 32 243.1 + 283
< 1 pack/day 40 2562 + 434 28 2442 £ 343
> 1 pack/day 46 263.1 + 55.5 53 241.3 + 35.0
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T ZFol A A it} (Table 4).

$2ke) 9719 AGE dFPo) FLFE, @S
Fo] ELHE T F BTN FolshA Zrhst
| &5l whe} haste
7 3-& B3t} (Table 9). '

&7)et RANAAGNE FAT) wFAT
o Hl8) of& BFAN F=7 347 dgw =
§5F0] TLFE & BRI FEY R4}
@t} (Table 6, 7).

#7144 AQBAFEE 247144 4
%% (ACGIH, 1991)¢] #E-g2 AFs)l3 o]

Table 4. Resuits of symbbl digit for car painters and controls by characteristics

we} EAFES 3T RS b %7]‘9‘ |
Tt FE€9F A ERA 8 whgARLe]
Rew FAAHoET ‘rr%b']"‘ﬁq‘(p<
001) aie SRR ol KR R Sk
E29| F7tel wet whgAzke] A= At
Ao AgFE HIovt folsixe Wit}
(Table 8).

o] Qg AT F FU A FR o
F-7} A7 57 Abell “l & %5 H71s17] 4
8 ARPFHA s FHSHAFR 31,
R $AFR o F, ¥, FolZt I A, SF

(unit : msec)

Car painters (n=118)

Controls (n=113)

Characteristics

No. Mean = SD No. of error No. Mean £ SD No. of error
Age (yrs.)
<29 26 2862.3+359.1* 1.2 ) 16 2559.94342.2% 1.1
30~34 57 2987.1+478.3 2.0 65 2802.2+355.3 1.4
35~39 24 3316.7+741.7 1.8 23 3032.1 +661.6 1.4
40+ 11 3638.6+839.4 24 9 3179.8+689.8 1.3
Education (yrs.)
<9 23 3654.1+877.4" 2.0 10 3637.4+715.5" 2.2
10+ 95  2950.1+414.0 1.7 103 2765.2+381.7 1.2
Duration of employment (yrs.) .
<49 32 2917.7+443.3% 1.2 30 2693.8+332.5% 1.5
5.0~99 67 3030.3%536.1 1.8 70 2816.4+382.8 1.2
10.0+ 19 3574.3+800.2 29 13 3324.8+882.7 1.8
Shift work ‘
No : 25 3277.5+735.3 1.7 40 2834.5%+567.2 1.3
Yes - 93 3036.2+552.7 1.8 73 2846.7+438.7 1T
Alcohol '
No’ 31 2950.0+527.0 1.3 40 2824.2+524.7 1.7
Yes 87  3136.3+620.4 2.0 73 2852.3+466.2 1.1
Smoking
None 32 2986.8+508.4 2.1 . 32 2819.1+580.9 1.6
< | pack/day 40 3041.6+528.0 1.5 28 2844.8+458.1 1.2
> 1 pack /day 46  3197.0%705.3 1.8 53  2855.1+444.0 1.2

* p < 0.01 as measured by one-way ANOVA.
" p < 0.01 as measured by t-test.
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Table 5. Results of digit span for car painters and controls by characteristics

(unit: length of memory span)

Car painters (n=118)

Controls (n=113)

Characteristics
No. Mean *+ SD No. Mean £ SD
Age (yrs.)
<29 26 746 = 1.37 16 8.81 + 1.50*
30~34 57 799 + 1.28 65 841 + 1.54
35~39 24 7.08 + 1.47 23 7.80 + 1.72
40+ 11 7.14 + 1.80 9 7.06 + 1.59
Education (yrs.)
<9 23 6.85 + 1.64% 10 7.00 + 2.01*
10+ 95 779 = 1.32 103 8.35 £ 1.54
Duration of employment (yrs.)
<49 32 7.50 + 1.48 30 833 + 1.37
5.0~9.9 67 777 £ 1.33 70 846 + 1.56
10.0+ 19 7.24 £+ 1.66 13 681 + 1.89
SHift work
No 25 750 £ 1.47 40 8.40 + 1.60
Yes 93 7.64 + 1.43 73 8.14 + 1.64
Alcohol
No 31 7.89 + 1.36 40 8.33 £ 1.58
Yes 87 7.51 £ 145 73 8.18 + 1.65
Smoking
None R 731 £ 1.45 32 8.16 + 1.49
< 1 pack/day 40 7.58 £ 1.46 28 8.39 + 2.02
> 1 pack /day 46 7.50 + 1.41 53 8.20 + 1.48

* p < 0.05 as measured by one-way ANOVA.
f p< 005, ' p<0.01 as measured by t-test.

3 FdFgHRs SHHTRS
Axstdet. {7184 F2 =
141, p=001), ZAF-EH7](B
0.00), 5=2}2]-$-7] (B= —0.60, p=0.00)o 4] 2]
A S wiA s WFE e, 2ute) W
TE2AE Aol AFEFEAZ| (B=572, p=
0.00)2} 22}2]-$-7] (B= —0.09, p=0.00)ell 4]
oatA deFE v|Ae HFR vepgoh &1
DA AN FA($: B=-1.05 p=
0.05, d: B= —1.26, p=0.01)2ke] %23t ¥
2 viehde} (Table 9). "

EARAY #7184 23 Feo) 4179
EAA e vlA e dFE B S8 AT ELE
Ao g §7144 2N Al FE2FEEF
YHF 2 dho] o33 FEA S AA sk 24
29 7187 AYEAFEE BEVIAL B
=252, p=0.03), AT AA 7] (B=379.2, p=
0.00)o1 4 f-2jgt W2 vepdon 1 9] A
AL A& frol8hA] edgkct (Table 10).
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Table 6. Resuits of finger tapping speed of dominant hand for car painters and controls by characteristics
(unit: number of taps/10sec)

Car painters (n=118)

Controls (n=113)

Characteristics
No. Mean * SD No. Mean + SD
Age (yrs.)
<29 26 66.96 + 6.6 16 68.69 + 7.3
30~34 57 66.23 + 5.7 635 66.17 + 5.9
35~39 24 62.29 + 6.0 23 66.78 + 6.0
40+ ‘ 11 66.64 + 4.9 9 64.67 + 6.8
Education (yrs.)
<9 23 63.87 + 5.5 10 62.20 + 47"
10+ 95 66.05 103 66.73 £ 6.2
Duration of employment (yrs.)
<49 32 65.66 + 6.7 30 67.23 £ 5.9
5.0~9.9 67 65.72 = 6.0 70 65.70 + 6.3
10.0+ 19 65.26 + 5.8 13 67.62 + 6.5
Shift work
No 25 65.52 + 6.9 40 65.80 £ 6.2
Yes 93 65.66 + 6.0 73 66.62 + 6.3
Alcohol
No 31 6745 + 6.4 40 66.25 + 5.9
Yes 87 6498 + 5.9 73 66.37 + 6.5
Smoking )
None 32 67.88 + 5.4 32 67.56 * 6 3
<1 pack/day 40 65.30 + 6.1 28 64.96 +
> 1 pack/day 46 64.35 + 6.2 53 66.30 + 6.8

* p <0.05 as measured by one-way ANOVA.
¥ p < 0.05 as measured by t-test.
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Table 7. Results of finger tapping speed of nondominant hand for car painters and controls by characteristics
(unit : number of taps/ [0sec)

Car painters (n=118)

Controls (n=113)

Characteristics
No. Mean = SD No. Mean + SD
Age (yrs.)
<29 26 59.54 + 6.3 16 61.44 + 5.2
30~34 57 59.49 + 5.8 65 59.31 £ 5.5
35~39 24 57.63 + 5.8 23 59.78 + 6.5
40+ 11 61.27 + 5.3 9 58.89 + 9.4
Education (yrs.)
<9 23 58.39 + 5.6 10 56.30 + 7.2
10+ 95 59.51 = 59 103 60.00 = 5.8
Duration of employment (yrs.) .
<49 32 5988 + 7.2 30 60.33 £ 54
5.0~9.9 67 58.84 + 5.0 70 59.00 + 5.8
10.0+ 19 59.89 + 6.2 13 61.77 £ 1.9
Shift work
No 25 58.76 + 6.0 40 60.43 + 6.6
Yes 93 5943 + 58 73 59.26 £ 5.7
Alcohol ,
No 31 60.03 + 4.9 40 58.80 + 5.6
Yes 87 59.02 + 6.2 73 60.15 + 6.2
Smoking
" None 32 61.09 + 4.4* 32 60.00 + 6.3
<1 pack/day 40 59.75 + 6.2 28 59.57 + 5.0
> 1 pack / day 46 57.63 + 6.1 53 59.52 + 6.4

* p < 0.05 as measured by one-way ANOVA.

Table 8. Results of neurobehavioral performance test of car painters by percent of threshold limit value of mix-

ed organic solvents

% TLV of SRT SD DS FTS(dom.)  FTS(nondom.)
mixed  No. (%)
solvents Mean+SD Mean+SD No. of error Mean+SD Mean+SD Mean+SD
<49 30(25.4) 251.6+322 2797.1+405.2* 1.4 7.77+1.51 66.17+4.3 60.73+4.5
50~99  37(31.4) 253.6+44.1  2986.0+501.6 1.8 7.66+1.34 6741+6.4 60.95+6.0
100+ 51(44.2) 263.9+55.5 3331.6+670.2 2.0 7.48+1.46 64.02+6.5 57.24+6.0

= p < 0.01 by one-way ANOVA.

SRT: simple reaction time (msec), SD: symbol digit (msec), DS: digit span (length of memory span),

FTS(dom.): finger tapping speed of dominant hand (number of taps/10sec),

FTS (nondom.): finger tapping speed of nondominant hand (number of taps/10sec).
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Table 9. Multiple regression analysis of neurobehavioral performance test of car painters and controls

SRT SD " DS FTS(dom)  FTS(nondom.)
Variable "
B p value B  pvalue B  pvalue B  pvalue B pvalue
Group 141 001 2594 0.0 -0.60 0.00 -0.79 0.33 —-049 0.53
(controls =0, ’ ’ - .
car painters = 1)
Age (yrs.) 08 025 572 0.00 —-0.09 0.00 -025 0.12 —=0.13 0.16
Smoking E 2.7 044 —-209 0.19 -0.50 0.70 -1.05 0.05 —-1.26 001
(none=0, .
<1 pack/day=1
>1 pack/day=2)
Alcohol 09 0.89 . 203 0.79 —0.16 - 0.49 —-0.20 0.83 1.16 0.21
(no=0, yes=1)
Shift work - 7.8 0.20 56.3 0.78 —-0.21 0.36 —0.00 1.00 0.74 040
(no=0, yes=1) ’
Constant . 208.2  0.00 881.9 0.00 11.53  0.00 7598 0.00 6533 0.00
R2/p value of F 47/ 0.05 23.5/ 0.00 102 / 0.00 53 / 0.03 35 /015

T regression coefficient. .
SRT: simple reaction time (msec), SD: symbol digit (msec), DS: digit span(length of memory span),
FTS(dom.): finger tapping speed of dominant hand (number of taps/10sec),

_FTS(nondom.): finger tapping speed of nondominant hand (number of taps/10sec).

Table 10. Multiple regression analysis of neurobehavioral performance test of car painters

SRT SD DS FTS (dom.) FTS (nondom.)
Variable "
B p value B  pvalue B  pvalue B  pvalue B pvalue
% TLV of 252 0.03 379.2  0.00 -0.23  0.50 -1.57 028 -2.56 0.07
mixed solvent ’
Age (yrs) . 00 098 560  0.00 -005 —0.13 -018 0.6 —000 0.9
Smoking _ 23 071 326 0.65 ~0.05 0.79 —-1.40 0.08 —-1.74 0.03
(none =0, .
<1 pack/day=1
>1 pack/day=2)
Alcohol 11.0  0.33 —-158 0.90 —-020 0.56 -0.83 0.57 0.74 0.59
(no=0, yes=1)
Shift work ' 194  0.09 266 0.84 ~-0.10 0.78 -1.63 027 —1.05 0.46
(no=0, yes=1) '
Constant 211.7 -0.00 887.1 0.04 9.68 0.00 76.41  0.00 63.68 0.00
R2/p value of F 7.1/ 014 268/ 0.00 40 |/ 046 8.8 -/ 0.06 88 / 0.06

T regression coefficient.

SRT: simple reaction time (msec), SD: symbol digit (msec), DS: digit span (length of memory span),
FTS(dom.): finger tapping speed of dominant hand (number of taps/10sec),

FTS (nondom.): fingér tapping speed of nondominant hand (number of taps/10sec).
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