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— Abstract —

Neurobehavioral Performance Changes of Chronic Exposure to Organic
Solvents among Textile Processing Workers

Seon-Hee Yang, Moo-Sik Lee, Dong-Hoon Shin*

Department of Occupational and Environmental Medicine, Dongsan Hospital, Keimyung University
Department of Preventive Medicine and Public Health, School of Medicine, Keimyung University*

The study was conducted to predict the risk of chronic exposure by neurcbehavioral test
and to use it as a basic source of the management for workers exposed to organic sol-
vents,

The exposed group was selected from coating department of textile processing industry.
The unexposed group was selected from those who visited the clinic to take an annual
check-up. The author administered WHO-NCTB (neurobehavioral core test battery). Also,
Scandinavian Questionnaire 16 was tested by self-administration to find the correlation
between subjective symptoms and NCTB results, and to assess the availability of the
Questionnaire in mass screening test concurrently. The final analysed subjects were 78(27
in exposed group and 51 in unexposed group)workers except who had a neurologic disease
or systemic disease affecting the central nervous system.

In Questionnaire study, there was no significant difference in total neurotoxic symptom
scores between the exposed and the unexposed group. In NCTB, the exposed group had
lower mean scores than the unexposed group for all tests. When the effect by age and
education were considered, there was a statistically significant difference only in pursuit
aming test. This study suggests the availability of NCTB and the Questionnaire for the
assessment of neurobehavioral change in workers exposed to organic solvents,

Key Words : Organic solvents, Neurobehavioral core test battery, Neuropsychiatric symptom
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71840 Md ERHE =FR7t 9805 Eits
Aoz 2AFR 3 (Rosenstock®} Cullen, 1994),
28] Jeke A¢ E5a2A19E B {184 F
F oEA F 97 63 R AHA ST
o

ZEAEY F 14%E AAsn AT (=FF,

1997). =3 1996d=E #7184 F5 F204
7k 572 AdE tiv] < 5uf o)d FletR o
(=8, 1997), #7184 HF AQF2FE A

23 AlR9 12.4%7) HEVIEXNE 28T B
F(e]MFE o4l 1992 % i) RU1EAl HFA
o] AAHNE Z‘l‘?_‘rﬂ@ AZ#AGE & e W7
T8} Bolxr) o Ay Aldel it we &4l
7 A7t F K3,

wﬂ%xﬂﬂ A PXe FH dGFgF
Ao} LERAAAN & - WHQ] FAe
< F9}(LaDou, 1997). 2L FolA 34 "J—?—:
N F4 AA7y 7tgHd B ol BimE
7v EoA {71 8A A9 AHeE WA W R -42_}
F A3, E HIe B2 ’»‘}?373‘0] 7—‘}%1%‘573-‘431
of i3t ¢lalo] A ot 4G #eEie S

dre AAzxeze & A7 Ha Xe gt

(Ellenhorn® Barceloux, 1988; Last, 1989).
wrebA] diRR AN §718A4 HF ZEA
A BAZE e R WPZR A7 A% Aol
™, olol Wl e =0l 3% HOslon 5,
1992; van Vliet %, 1989). A¥= H7]-&Ad
wgR o EREe ZEAAAAN 2r|de FHH
BANATgH Fel F2 et (Bolla 7,
1990; Cherry %, 1985), A% FP=H ujg
x8g NAFR HE2FZF (organic brain syn-
drome) o] @ =7} HolA|o] (Mikkelsen %,
1988), Ztolle gmstolwy] ¥ Fo| HPy A
A8 2L FX3de FFT AZEn I (US
OTA, 1990).
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Z2o) ol WYH RSB Hole VA EA M
Felzt BaE wk oh(H-83, 19915 A8 7,
1992). 23 f7]8Ad ZRH= 22350 t
G ALEAE TAIAY FA 5 ALE A
detae oleigt AATH FAELS dHFE M50l
1‘1013’_, ARFE Ztn YA Yol S2AES o}

2ol 93te] wEE 4= ik E=§ 713%‘12 F3 s}

-4"}°ﬂ wet g2 A3%E $& F Ue 94
glol FgTte R APW-S }—7]71‘1‘& g7lole o
ol i, A fr8A S ARG WY 3
e THAES} So|xr) e Wi REo
2 f7144 E2E Q3 A3 NE ksl
2&o] Utk

A HIZde Ak HAH f7184 ER
o 9§ FFAAA FNE 2R HE A7
FH il ik Mol A EolHTh 2
et ME ol AE 5(1992), A4 F(1993), &
% 5 (1994) ALE-E B(1994) 0] F718AC F
29 Z2EAES s AREAE 9k 9
ki3 4"_773‘3%-5?24 ATE AASAT

2178 %8+ A A} (Neurobehavioral Core Test
Battery; ©18 NCTB)& AAPIHe] cfaksln 4l
BA led ARHoR Hristd YAFHoRE 4l
A Ao AGE 9w g WS A
Ao YL Hrisked o/ &% & dem, i
B ZRME AAEAN Bdd ZRHe Z2A
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7He B3 ER-A08AY ZAR AAEY B39
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Singer, 1990).
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FFHge) 10804 3BpESZ 71 Bk
249 308 F2F ZEAFNAM #7184 F
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oJAte] B HHFE AABHAT

F718A B2 % AAEFA A43F% (neuro-
toxic symptoms)< 168% HFA (Scandi-
navian Questionnaire 16; ©]3} Q16) (Hogstedt
%, 1984) & Wg3le A 7]‘\’3’-‘4 o2 ZARBIG oM
(BEF 7, 1984: AIFE § 1997) 2247} <l3)
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Table 1, Demographic characteristics of sample
population

Exposed(n=27) Unexposed (n=51)

Characteristics

N(%) N(%)
Age(years)
20-29 8(29.6) 17(33.9)
30-39 15(55.6) 28(54.9)
40 4(14.8) 6(11.8)
mean+3SD 32.81+6.98 32.63£6.70
Drinking (Current)
Yes 16(66.7) 9(79.6
No 8(33.3) 10(20.4)
Years of Education
6 137 1( 2.0)
9 6(22.2) 11(21.6)
12 19(70.4) 37(72.5)
16 1037 2( 3.9
mean=+SD 11.26+1.87 11.39+1.72

Duration of working (years)

25 10(37.0) -
6-17 17(63,0) -
meantSD 7.63+4.0 -

regression) & AT},
AA T
Faae] o

2
oli M| ERFY dHLS
32,634 oM ¥

2A1eA 52412 HT 32.814
20410l A 5441 Abol & HF
zte] AWEES} PFRAYL
Aolzh i), ZHATL 6WolA Hx 16W7A
Ror oA B 11,26 H|ZE2 7N BF
11.39d o2 T #3te] Apol7} glfict, Exge] &
2YE {7184 FRA9 A7 R sglon
29RE Ax
At SFFARR AEG FFYE Z2FAN &F
i Ed Aol 66.7%, BWERFAME
79.6%A.om T #3ke] o]z} 1At} (Table 1).

e

rJAr

A7} 34 AEA 2ANAT, 7B WEG )
ool UmkAT o 10859} Wele 13A A%
B At FAE golE B £UA olajaiA

z@cy, a8x 1635 Wl nurot 4877 9
ALY o NYEAN EzFo] FAGHoE fo

1797A1 2 Yehgtn B8 7,630

At} BAEATH(pC0. 05) (Table 2).

F0 AEA ZA AFME EZFNA H
4,26 VI ERFA B 3, 18709 F4E 4%
EZgoA HEHoR ¥ B F4E 3 5:%}
o2 Jepgovt BAgHCE foiAle &
M, AAEHEH FAol e A5 5A }oM
A4S Thde & 6/ e FAE Thde
TOE ERIAS W, FEIH HFEF Alo)9
Hzo= apel7t gldich, FREd vE2FdA 9]
NCTB A} #5582 ga4d4e 1Y 24 74
Arbe Z2PoA 188,56, H|ZE7dA 203.510]
™ Benton AlZZAMNA F27E 7.93 HIERT
& 8.35, £ARE HAle E2FNA 52,07 B|E
2FA 54,59, ALY HAA EzTe
12.00, BlEZFL 12,889 435 Ho HPazo
2 ZRJA A3 FHH Yol HolAle AL
2 Yeo BAgHe g {93 Aole AUUTH
(Table 3).

NCTB ZHAME 3l o A3 a{5Fo)
ANED o] 9 e Ao A Uk =
el B4 AAEAY 24 282 NCTBe)
FEAE BE W SFE AAEHFTHY
NCTBZA#} @] ¢ldxn, 932 Benton Al
AAeE 2ARZAA, 25 5F 4 Al
FAFSHALA BAGAH R feldt BAYE
el gl el (p<0. 05) (Table 4).

el ME Hole, EZFM £ART 7AAE
7 BATH R fold Aolr} AL (p<0.05), M
EZ 7 Me Benton AlZAHALS} AR E AL
Hel| A FAEAH o2 Fo7 AolE el on (p(
0.05), Z2aal wERFe zhzhe] JHFL v|m
9E W 20-29FM = BH 234 AAL 30-
399X Benton A7t HAWF F elA] A A
2.8 #ogt Aol YERTH(pC0.05). mEFF
% ZF AT AHe] dlo]lg HpE W F2
oM £RARE AANA, B EZ T o] 7}
A R HAMX] B5 BAEHOR §o3 Ao
7} e Ao et (pd0.05). & AL 35|
e SR disd Wk Ay, §FARe ¥
Z 274 Benton A2} AAA BASHLZ F
7 29 ale]7t AN (p0.05), BEFTA,
FARE, AL AA FEAME A7t gle
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Table 2, Frequency of positive subjective symptoms in organic solvents exposed and unexposed workers

Neurotoxic symptoms

Exposed Unexposed Significance

N(%) N (%) (p value)

1. Are you abnormally tired? 10(37.0) 21(41.1) 0.722
2. Do you have palpitations even when you don' t exert yourself? 4(14.8) 6(11.8) 0.701
3. Do you often have a painful tingling in some part of your body? 2( 7.4 9(17.6) 0.216
4. Do you often feel irritated without any particular reason? (18 5  7(13.7) 0.577
5. Do you often feel depressed without any particular reason? 3(1.)  5(9.9 0.856
6. Do you have problems with concentration? 12(44.49 18(35.3) 0.429
7. Do you have short memory? 16(59.3) 18(35.3) 0. 042"
8. Do you perspire without any reason? 10(37.0) 10(19.6) 0.094
9. Do you have any problems with buttoning and unbuttoning? 0 0
10. Do yox.l general flnd. it hard to get the 5185  1( 2.0 0.017°

meaning from reading newspapers and books?
11. Have you relatives told you that have a short memory? 3(11.1)  5(9.8 0.858
12, Do you sometimes feel an oppression of your chest? 6(22.2) 11(21.6) 0.947
13. Do you often have to notes about what you must remember? 14(51.9) 15(29.49) 0,051
14. Do you often go back and check thing you

have done such a turned off the stove, locked the door, ect.? 6222 160314 0.393
15. Do you have a headache at least once a week? 5(18.5) 8(15.7) 0.749
16. Are you less interest in sex than what you think is normal? 1037.00  7(13.7) 0.018*

Note : * : p<0.05

Table 3, Neurotoxic symptoms and NCTB test

between exposed and unexposed group -

for organic solvents

Table 4, Partial correlation matrix of sampling
characteristics, neurotoxic symptoms
and NCTB test

Test exposed unexposed test Age” Education” Drinking® Exposure’
Qle Q16 0.239 - 0.236 0.220 -0.176
Total score 4,26+3.12 3.19+2.64 NCTB
Score distribution Aming -0.025  0.441* 0.019 -0.038
0 3(11.1)* 10(19.6)* Benton -0.353*  0.228 0.229 0.023
<5 15(55. 6) 28(54.9) Exchange -0.498** 0.442* 0.229 0.210
>6 9(33.3) 13(25.5) Memory -0.043  0.228 0.061 -0. 260
NCTB test
Note : * ¢ 0.05, **: 0.01
Aiming 188, 56+33.97 203.51+35. 82 ote : 71 p € 0.05, ™ i p < 0.0 .
Partial correlation coefficient controlling: 1)edu-
Benton 7.93+ 107 8.35¢ L.52 cation and drinking; 2) age and drinking; 3)
Exchange 52.07+10.02 54.59+12,94 - ’
age and education between exposed and unex-
Memory 12,00+ 3.06 12.88+ 3.57 . . ..
posed group; 4) age, education and drinking in
Note : * parenthesis means percentage exposed group

* NCTB(Neurobehavioral Core Test Battery):
Aiming (pursuit aiming), Benton(Benton' s visu-
al retention test) Exchange(Digit Symbol),
Memory (Digit Span)

2.2 Yttt (Table 5).

ZAAEE 24 53 7 60 208 &&
vlaste] Boks ) AYAY 6d o} TN W
Aol 238 Ekou FATNH R4 AT
(Table 6).
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Table 5, Results of NCTB by age, education and drinking in organic solvent exposed and unexposed group

Aiming Benton Exchange Memory
Exposed group
Age
20-29 179.63+42,43" 7.88+1,46 55.50% 5.557 11.86+3.24
30-39 198.47+31.11 8.07+0.96" 53.73+10.13 11.87+2.90
>40 169,25+ 9.25 7.50£0.58 49.00+ 6.73 12.75+4. 11
Education
6 175.00= 0.00 7.00+0.00 35,00+ 0.00" 14.00=%0.04
9 164.67+41.46 8.00+1,10 42.50+ 8.19 11.00%4. 20
12 193.63+27.55 7.95+1.13 55.63+ 7.97 12.06x2.73
16 249.00% 0.00 8.00%0.00 59.00+ 0,00 15.00£0. 00
Drinking
Yes 193.63x30.13 7.88+8.13 54,75+ 9.33 11.47+3.14
No 180.75+45.70 8.13+0.99 50.38+10.82 13,88%2, 47
Unexposed group
Age
20-29 211.24+38,24 8.65+1.327 61.42+13.807 12.82+3.41
30-39 204.14+30. 64 8,75-£1.00 53.54+ 9,94 18.25+3.69
240 178.67+46. 22 5.67%1.51 40.17+£10.91 11.33+%3.61
Education
6 172,00+ 0.00” 7.00=+0,00™ 37.00+ 0.00™ 15.002:0. 00"
9 175.00+34. 26 7.00£2.19 42.09+ 9.43 10.55+2.73
12 210.05+31.09 8.78+1.03 58.32+11.55 13.27x3.19
16 255.00+28.28 8.50+0.71 63.00+ 1.41 17.50+9.19
Drinking
Yes 205.18+34. 64 8.31x1.61 55.62113.80 13.21%3.63
No 204.70+41. 41 8.80+1.14 51.40%10.37 12,00+3. 33
Note : * :p { 0.05
1} compared with the same age group of unexposed group
2) compared with the stratified variable within group.
Table 6, Results of NCTB by work duration in exposed group
work duration (years) Aiming Benton Exchange Memory Q16
2-5 178.50£36, 72 7.80+1.32 50.00+10.93 12.56x=3.24 4.70+3.27
iﬂ 194.47+31.88 8.00£0.94 53.29+ 9.56 11.71£3.02 4.00+3.10

NANERA AN} F QRN wReA Y, PAlINE Aol
eFe¥, RRPEIL AL GEE vl As  vEwn Aude

of AZAYFTHA A3 FHAFR St AT 3 AYr] HAIM e

FARAE Algeialtt. 53 274 HAlle 184 (Table 7).

71

27} 18.7%, 44.3%%°oH =
HEzE gl

Fe AE

b2 9% MAE 2

Ho =
I

=7F kg & e vAe AR vEgan 4% NCTB®] 2 AN 5ol diste] 7 Edase] ¢

©e 19.7%%t Benton A7 AAISE £ARE e FAD 47184
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Table 7. Multivariate regression analysis on the NCTB test and confounding variables

Unstandardized

Standardized

Coefficients B Standard error coefficients Beta Significance
Aiming
Age -9.68E-02 0. 609 -0.018 0.874
Drinking 1.711 9.127 0.021 0. 852
Education 9.826 2.378 0.477 0. 000
Duration -0. 392 2.175 -0, 040 0. 869
R square 0.230
Adjusted R square 0.197
Benton
Age -7.16E-02 0. 024 -0, 345 0. 004
Drinking 0.718 0.359 0.220 0.049
Education 0,181 0. 094 0.225 0: 057
Duration 7.92E-03 0.078 0.027 0.920
R square 0.221
Adjusted R square 0.187
Exchange
Age -0.785 0.170 -0.441 0. 000
Drinking 0.635 2. 550 0.023 0.804
Education 2.700 0. 664 0.391 0. 000
Duration 0.426 0.454 0.168 0. 360
R square 0.467
Adjusted R square 0.443
Memory
Age 2.317E-02 0. 064 0.046 0.719
Drinking 0.485 0.958 0.062 0.614
Education 0.483 0.249 0.249 0. 057
Duration -0,221 0.188 -0.284 0. 254
R square 0.054
Adjusted R square 0.012

Z YolR I ste] EAMEMS AN NCTB
AANEE 5 B4 F74 AAA £7184 Z2
o3 v EE2T Alold] EAGHeR {oF alols
2.9+ (p<0. 05) (Table 8).

LS

f718AE 34, ¥, A%, Az Fo) B3
2 thekst Ay THAAM del Aesln glew o
ASFE Zkskm Sl old] me} f718Ale 3
2077 MAE B4 Gl BE B0 Zus)
B e AR AT Hugo) oFolq o

1 loHFidler, 1987). #7182 WA Hgl &
g Ae e FFABAL 34 5 F=

ATHEALY, FHIde AT AFER Eiﬂ‘ﬂ
A W SA0Z Q3 FFAAA st o
+ H3(Bolla ¥, 1990: A&3F, 1991: 744,
1992) §o.24 olel tiek Aol F7HE L Utk A
359 f7]8A AT 228 w AAEY FA4
£ dodeA AR e mde] o A
9} Azheuuiet &AAE olste] R7EA ZE
Hol® EAF Z3F (Painter syndrome)-& 42
2 # dote Ei(Hane, 1977: Mikkleson &,
1988: Cherry, 1985 )7} 213 53], Juntunen %
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Table 8. Simple factorial general linear model of NCTB results

B F Significance

Aming Covariate age -0.148 0.062 0.805
education 9,893 18,092 0.000

drinking 4,434 0.241 0.625

main effect group 4,135 0.046

Benton Covariate age -7.34E-02 9.671 0.003
education 0.183 3.973 0.050

drinking 0.814 5.200 0.026

main effect group 3,292 0.074

Exchange Covariate age -0. 790 21.416 - 0. 000
education 2,707 16.516 0.000

drinking 0.933 0.130 0.719

main effect group 0.601 0.441

Memory Covariate age 2.223E-02 0.122 0.728
education 0.486 3.843 0.054

drinking 0.619 0.413 0.523

main effect group 0.745 0.391

Q16 Covariate age 0.109 4,611 0.035
education 0. 401 4,094 0.047

drinking 1.253 2. 659 0.108

main effect group 2.948 0.091

(1980) & /714 Z2E 229 90% olide]l FFAAAL 71538 ¥l g Hrie AHg vl
S1ZAelz} Abn Rashn o, goz el BLT 5 Yk ARYE AP

F718A19 AAEY F /M Ae vehe A%
4 B3 A4S AEAE o83 Fohle
g, o] WL #7184 F2 fEAe] & %
A ovllS 83 AEAA HHoE AAERL Al!:]'
(WHO, 1985). =Zzivt 32 A7t FaA e
A F -9 B2 o FAo] AR HA olE
TH37] e Mol 1 AP eR AHHT 3l
t}. CT(Computerized Tomography)“ MRI
(Magnetic Resonance Imaging) £ 9] #)5-8}1%
l WslE dsle b f-&3ht 7153 ol 4
g ¥LE oA e RIEE T R718A F
o &83re Aol Urh(Orbaek F.1987:
Triebig &, 1988: Triebig®} Lang, 1991). 3k
A7) AelEARl HAM WA ESE, fEdd,
b Al & FRAAA L 715F o) g Fopd F
2lott wigo] Wol 51 WYl tollA o|FjAER
A48 2P eRe AFekA] ®olrh wWEkA,

0.

o] Wi o]&Ho] g1, ojFseA HF ZLEAE
R F718AE e SEA M=
ol wWhge| ol &rtgAel wigt A7t ALEn Yl
% (White 5, 1990: Anger, 1992).

Hannien %-(1976)< #7184 Z2TZAplA
AAEAR F4E& sty 9% AP F Are &
ol AUlFcz Ay UNEE gonz Y
Aol &3HA o1& & ok st e,
N7AYE Are AFE HE3] slMeln vhE dF
o} vmaleH AN niR e rMed BRE EF
A3 WA sl dl=d (Fidler %,
1987), °l&3 Azfe)] JgE vAe &AL o,
Ad, 8, AEAAR 9K, A3dEHS 4F
oFEEE WE, F7] 59 AR AL HA
Wel FF3 22 HAARS £A4 i ch
(WHO, 1987).

B AFedMe fer dF
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7V rasta AAFHQ] AREda AAPETEHA
ZAE Mg HER dzed slasgen of
&8 F71A =7 #EFEE SRt A3
A dATeAM 9%, &7, ASEE F uEé8
AL FA s Folof dted, B AT EF2Fe d
4, 58 4 283 E 57 v EREY BAF
zpol7b SlEW ol BEE Hl&E £ E3H
@A e AT 5 g Aol
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