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A Study to the Workers Exposed to Organic Solvents by Neurobehavioral Tests

Seong-Kyu Kang, Ho Keun Chung, Jeong-Pyo Hong, Ki-Woong Kim, Young-Sook Cho
Industrial Health Research Institute, KISCO

In order to evaluate the confounding factors of neurobehavioral tests and the neurobehavioral effects in

the workers exposed to organic solvents, NCTB was carried out on 100 workers. 46 workers had never

been exposed to neurotoxic substances, and the others were being exposed to the solvents, mainly toluene.

Simple reaction time, digit symbol, Santa Ana dexterity test and persuit aiming were different with age in

non exposure group. Simple reaction time was carried out well in males, and digit symbol and persuit

aiming were in females. There was no difference at educational level when the subject was educated over

12 years. Santa Ana dexterity and Benton visual test differed according to exposure level to toluene,

however simple reaction time didn’t. The acute neurotoxic effect was not excluded in this study. But,

NCTB could be used to evaluate and prevent neurobehavioral changes in workers exposed to neurotoxic

solvents in Korea.

key words: NCTB, neurobehavioral changes, toluene
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ABAA vAEe dFES
£ Aol Yagd, oF ”J"ﬂ-‘?-i{—‘: HAEAE
£ Tz, ARYTAA, ABAGEZA, A
AZAL Bol Ut olF ARABHA ANt HARAHAL
£ Und 4Bde You 1k BUE o5
HUAT AN b HEZA wEe 97
A 4A 18E F glou FHHo|A A
o olzge] vt WA, MAYFHAE @HeAA
H3) o] & ¢ Sla AR ETE A8F
J AAHS Hole FHo] o AT &) dFH
i Slti(Anger, 1990; White ¥, 1990). $u
gl M 25 stEEHd A3 A Eo) P4
(1991) ¢t 74 5(1992)°] 98 Eugd= &
Fata olo] dig Ave 47 A4 ddE A
o] o] FojAA @3 Ut

f71EAe] HHZEE A% NAEHS THH
2 gebshr] 93 ez ARFYPFAAE 19504
) AP =d)x FIOH battery7} 7|8 ol& Z=d
A A eE dhgez gudt ATt o) FAXn
QTH(NRC, 1992). a2y, zh=io] AR
2ol oFZhA zpolzt WA AABEGY S dodle B
Ao did dBHUE A8E A7 =9, 1983
g mF edtele AAUECAA WHOS ==
NIOSH % gs3lo] WHO NCTBE 9E712 3stx
1984d 2912 Adutel g =22 HALE
AP e TR S Agsta old A
AAXE vlAFHLH(WHO, 1986). o] HALH
(WHO-NCTB) dA9 EZ32 @R ALE37]
43, 434 d= A5E o] FAL FEEE
o 2% AAEAL BFE AE ®Husizde AQH,
WY o 2= POMS(Z%44e), daeubgAzt, =&
23, 4297], Santa Ana, Benton A]Z}7Z A},
AETAEY T AANgRT. ALY FEAT
of oJatH o] WL HAAN UG A FFANAFA
HE HNY 5 3, Aot HAE saFHER
33 zolE FHEL MARLZE ol§E F Yo
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).

e

Hn

7] A3 RoZ Cassitto §(1990)°] Eu3tg
3, FEvE e o AE(1990) o3 AEx
ol M| &3} ol5gH(1992)0] ol&] Ard Hb grh.
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DI LAE AGdtu Ex, EFH FE F2HE=
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NAYE A= WHO-NCTB 7714 32 = o
o oM E&dAdoAd Aot A 4 &
POMSE A3 6/ 35S WHO A3 MUz
M EZ2 o] ANPsen Z2 A gEurgA
7k, Santa Ana 91HAAAL 2 Benton AlZEAAL 7
< AlgEAr.

AAME S WHO A AR sided, dewns
A|Z+-& w3 Sofeware ScienceA} A Z o] e

2 AAINE ol g3t 6REY BAAR dehie

2471 Psychological Corp.2] Wechsler Adult
Intelligence Scale(WAIS)2] Digit Spang o] &3}
THAS A& TH EFT digstA stAd.
2 AF9 =AE T/ EHFon FA o &
g Fddln 2 A4S 3t Santa Ana
WHA AAe PPz LEVY KyAlel Santa Ana
(Helsinki version) & o] &3} 30&3 £ Aib
£ Agstd vi2A 8 A9 & Fado =21}
B3+ Psychological Corp.2] Wechsler Adult
Intelligence Scale(WAIS)2l Digit Symbol& o] &3}
o 902EY FUNA 247 A+E FAU.
Benton A2z} A= WHOO| A A} 2l€ Benton
visual test 7}=& o} &3l 1049 28 F we
A4E Fdtt. 58374 L& Psychological
Services Inc.9] HAMA & o] 83td 6027 FH A
st FgsiA ¢ AFE FaA.

A AN 2 Fe Afo] xdEHz gyt
AALE S F U= F4AE AYsd did 22
AA A1z AR Agel ekl A7 YA @
F AAEE £A8 vE] FHTE d79e] 2=
A 184 AALE Al et

3. Az EMuy

ZAtg A8E SPSSPCHE ol &35t EA %8
Ak, Az BAL ttests) Oneway ANOVAEZ o]
f3ld e Z2en v EZ e Ay B4 Ao
2 2gstn uddx AzA4adg waAsy) 9
sto] R FEME AP TE.

1. YU 54

AA =AHA 10089 S BH EA7F 509,
oz17F 50 ellen Hd AL 3342 16-254)
7b 319, 26~3547} 299, 36~45AM7F 229,
46~60417} 18 ol%ic. BT P& o 11dez
=& o|strt 18%, F& oldsl 199, nE o7t
447, AF o]do] 1990ttt £ 57He 22
A7t vt S Al 4392 WA gerin
. ®71EAle Egyxd me v F2E, A
Z27, FUEEF 23a nEEFo FEIHA
o ol2e Zz 469, 129, 209, 2290t

M Z2F 468 @Rt 357, A&zt 1191
on W AYL 344 16-25417F 8%, 26-35
A7b 209, 36-4547F 129 )3 46-6047t 6
Holdok, HEFgH L 13dez FF o3y}l 39,
3Eol 24, HAEW o]do] 19% A, &2 35
Be 227} I n IR 1192 viAA
g AIH(E 1).

Table 1. General characteristics

Characteristics Range Total Non-exposure Exposure

Sex Male 50 35 15
Female 50 11 39

Age 16-25 31 8 23
(years) 26-35 29 20 9
36-45 22 12 10

46-60 18 6 12

Education 0-6 18 1 17
(years) 7-9 19 2 17
10-12 44 24 20

13-18 19 19 0

Alcohol Yes 57 35 22
No 43 11 32

Total 100 46 54
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Hol Frlgol wat ¥e HAE Bk devd
2. WZ2FY ARYTHA A A AHIN se Wee B ¥ £RARE,
2H2THE 4olN Ee 43S BYW ok ¥
#714A0) Z29 Mol Y& 4672 22AES - e
A2 F93Att. o= FE aFFFoIH
A3 g 4‘17863%7‘4*} BEASE detEATte] oo
o R L 3o mE EAAY R@ Aolk Helx @
0.25612, =A¥E7}F 65.570, ALY F&ol SEHE 2)
9.670, 9¢0] 5.871, Santa Anar $+7} 44.8 ’
P o =iy s PN o
A @57t 39.774, Benton 8.774, HXHFFAL Zomgo| mE AZUS A Z
198.470 o|th. d#E EIXHE deub-EAI,
%7735, Santa Ana, EAFTHE FARHY & 4 E23%0 BE AFPFHA WS B
g% Aolg RAET £AYES BAFTHES @ B 3eNsATL AAHE 4PE BYR, Santa
Table 2. Results of NCTB by age, sex, education and alcohol in non-exposure group
Range Person SRT DSY DSF DSB SAD SAND Bent PA
Male 35 0.2479 62.5 9.3 5.6 45.0 39.9 8.8 185.7
S Female 1 0.2830 75.1 10.4 6.6 44.0 39.1 85  240.0
e
X t value -2.67* —-4.49** -1.09 -1.53 0.60 0.39 0.77 ~4.44%*
16-25 8 0.2918 75.3 9.1 5.8 41.9 37.4 8.5 232.4
A 26-35 20 0.2432 65.7 10.0 6.2 46.61 414 9.1 206.3
g 3645 12 0.2617 62.1 9.5 5.3 44.73 39.6 8.4 183.8
46-60 6 0.2365 57.5 8.8 6.0 43.33 37.7 8.7 155.8
F value 4.270% 6.647**  0.33 0.55 2.29* 1.50 1.19 6.66%*
E 0-9 3 0.2307 61.7 7.0 4.3 47.7 40.7 8.3 179.7
d 10-12 24 0.2630 66.5 10.0 6.1 444 39.7 8.7 2039
u 13-18 19 0.2528 64.8 9.4 5.8 44.8 39.4 8.9 194.7
c
a F value 1.089 0.41 1.60 117 0.63 0.07 0.36 0.58
A Yes 35 0.2510 65.2 9.6 5.7 44.6 39.8 8.7 193.8
1 NO 11 0.2728 66.2 9.3 6.4 454 39.3 9.0 215.5
c
o t value -1.58 -0.28 0.33 -1.12 -0.46 0.25 -0.81 ~-1.36
Total 46 0.2561 65.5 9.6 5.8 44.8 39.7 8.7 198.4
*p<0.05 **p<0.01

SRT(simple reaction time), DSY(digit symbol), DSF(digit span forward),
DSB(digit span backward), SAD(Santa Ana dexterity test, dominant hand)

SAND(Santa Ana dexterity test, nondominant hand) Bent(Benton visual test), PA(persuit aiming)
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2HPEHE, AH Aold wa dEurSALT AT &F AR wEAz 74 HAEY BE
Bentono| Al EA 8 zjol& HPoy dAT H  Aolg HATHE 3).

&S HolAE gurt. A¥d wEMe dAst 2

E AAA $98 BYa ol EATgH 2 9

of

Table 3. Results of the selected tests on the study population

Level Person SRT SAD Bent
E None 46 0.2556 + 0.0381 4452 + 4.73 872 +1.11
X Low 12 0.2645 + 0.0364 42.83 + 5.01 7.67 £ 1.61
P Middle 20 0.2793 + 0.0272 40.20 + 5.06 7.30 + 1.63
High 22 0.2847 + 0.0432 36.45 + 5.03 5.82 + 2.13
F value 3.8192% 14.347%* 17.940**
16-25 31 0.2783 + 0.0348 40.5 + 4.62 7.90 £ 1.30
A 26-35 29 0.2519 + 0.0240 44.0 £ 5.65 8.31 + 1.65
g 36-45 22 0.2751 + 0.0524 41.6 + 6.80 7.09 + 2.27
46-60 18 0.2664 + 0.0401 40.1 + 5.81 6.94 + 2.34
F value 2.7799* 2.626 2.972*
S Male 50 0.2502 + 0.0271 428 +- 584 8.10 + 1.79
e Female 50 0.2854 + 0.0410 40.5 4- 5.59 7.24 + 1.93
x e . [RTRPTUTPRORS [T [T
t value —5.07** 3.016* 2.313*
E Primary 18 0.2782 + 0.0468 38.9 + 6.68 5.83 + 2.15
d Middle 19 0.2758 + 0.0381 413 +4.74 7.37 + 1.67
u High 44 0.2669 + 0.0373 41.8 + 6.18 8.05 + 1.61
c College 19 0.2522 + 0.0318 44.4 + 3.66 8.84 + 1.12
B e,
F value 1.7689 3.016* 11.513%*
A Yes 57 0.2560 + 0.0345 42.8 + 5.15 8.07 + 1.53
1 No 43 0.2834 + 0.0391 40.3 + 6.36 7.12 + 2.21
¢
0 t value -3.71%* 2.17* 2.36%
Total 100 0.2678 + 0.0384 41.7 + 5.80 7.67 = 1.90

*p<0.05 *p<0.01
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ABYPZHZA 235 SHASLR 3
Algstaet. 438 A% & gevhs
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FEATI /MY 2 9% vAE AR YERE
AwHe 22 37%, 43% 2 JERSEHE 4).

Table 4. Multiple classification analysis on the selected tests

N Unadjusted Adjusted for
Dev'n Eta Independents Dev'n Beta
SRT Sex Male 50 -17.62 19.53
Female 50 ~-17.62 19.53
0.46 0.51%*
Exposure None 46 -12.21 -3.58
Low 12 -3.32 -2.56
Moderate 20 11.48 -8.96
High 22 16.91 17.04
0.33 0.24
Education Primary 18 10.35 -16.19
Middle 19 8.02 -3.28
High 44 -0.96 3.97
College 19 -15.61 941
0.23 0.22
Age 16 - 25 31 10.47 -3.73
26 - 35 29 -15.89 -8.75
36-45 22 7.32 14.29
46 - 60 18 -1.38 3.06
0.28 0.22
Alcohol Yes 57 -11.78 -5.75
No 43 15.62 7.63
0.35 0.17
R Square 0.324
SAD Sex Male 50 1.16 -0.44
Female 50 -1.16 ~0.44
0.20 0.08
Exposure None 46 2.84 3.07
Low 12 1.15 0.23
Moderate 20 -1.48 -0.85
High 22 -5.23 -5.7

(to be continued)
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N Unadjusted Adjusted for

Dev'n Eta Independents Dev'n Beta
Exposure 0.56 0.60**
Education Primary 18 -2.79 0.52
Middle 19 -0.42 1.39
High 44 0.14 —0.60
College 19 2.74 -0.48
0.29 0.14
Age 16 - 25 31 -1.20 -1.24
26 - 35 29 2.35 1.83
36-45 22 -0.09 0.13
46 - 60 18 -1.62 -0.98
0.28 0.22
Alcohol Yes 57 1.07 0.30
No 43 ~1.42 -0.40
0.21 0.06
R Square 0.366
BENT Sex Male 50 0.43 0.03
Female 50 -0.43 —0.03
0.23 0.01
Exposure None 46 1.05 0.84
Low 12 -0.00 0.34
Moderate 20 -0.37 -0.50
High 22 -1.85 -1.49
0.60 0.50**
Education Primary 18 -1.84 -0.67
Middle 19 -0.30 0.15
High 44 0.38 0.05
College 19 1.17 0.36
0.51 0.18
Age 16 - 25 31 0.23 031
26 - 35 29 0.64 0.27
36 - 45 22 ~0.58 -0.47
46 - 60 18 -0.73 0.40
0.29 0.19
Alechol " Yes 57 0.40 0.02
No 43 0.53 : —-0.02
0.24 0.01
R.s”qﬁare. BT PR . . . . o

*p<01**P<0.01
SRT(simple reaction time), SAD(Santa Ana dexterity test, dominant hand) Bent(Benton visual test)
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Fa&oIY fr184 5 AF FHEGEA 9
T AB =L ol & €2l vk (Norton, 1986:
Bakersl Fine, 1986). #7]18x19 Al&Fe 4=
7kt e 22A7 71840 Z2Hm gle
o o2 Qs AAEHY] dFE AL EHAE F
et Aok, /71 E&A o AHZAFEE HA
de 347449 4 F4w AFdstn AF
T ANZR2 JF PSS FAHY stoy
HZ AFAM {718A9 Az A7 T2 AF
FFAZAGE 7 Bol RagozM ol Y A
o] Z7}slx glth(Bakers} Fine, 1986).

7144 222 A% T AAFY Fe 3
dud 24 F9o e JFEPS, FAELMA,
Fags] 59 AA4FFAtH(WHO, 1985). &
A3 E HEHARAFE 5 £ 79, FE, 58,
+eF-Z28 ¢2ELEENA Solv. WAHAFELE T
27, N8 zE, 3FEAH, 9834 Fol 7%
dolw &, Bz AAELH, FF, HAUgH,
FHAH, ojdpzZt 4 dE Fo] yehd 4 gin
(Waldron, 1985). WHOYM & o #7144
d o3 vAAAAEEHES 3dAR ERIAUT
(Baker$} Fine, 1986; NIOSH, 1987).

Aszel #f718Ad A7 F22 o AFSAHS
FE doNEeA AR dsiAe =@ gk &
Aol 2t BAVE o3l Ee FU]EA
d EZFo® =AF ZIFF(Painter syndrome) S
dozl £ Arle R 1 (Hane, 1977: Mikkleson,
1980: Cherry 1985)7} 9 53] Juntunen %
(1980) & HF718A Z=2d 229 90%°l7do]
AAFAH7 ot Banstn ok, 23y, AxE
AN Z2A Jeldtie AAZ4e 2AHAY
AV £ dG 87t FEX £8 Jehd
Ro2 AFxe] HEREA ZF27F $F3A73 A
Z1AAYN &£4E Toe 28 AFH Aelgta F
ZAste d+AE AtH(Cherry 5, 1985: Gade

%5, 1988: van Vliet 5, 1988: Bolla 5. 1990).
Maizlich $(1987)€ 9%, 4. &5 5o W4g

BAStE AR A HARAOE AFZf7]LA
Z22 QAF out NAA oz AR ZIAH
£, o8 ol Toluened F= FAMF A3t
o) et A= @8] Isopropranol, hexaneg A}
£3le S2AE AR 9 E Addes F
2 E27|7, & AApY, Z2F£39 5o
A Aoz AREL BHI2 U BE, RV
A SE&FE ooz AVt Z2HE F34
A 9L PlAe AL AFHT oy a9
AHE ABAH 0B Pl WHL uFslg,
FFANBAY o4& FAAEA, AAYFTHAL
ARHA AF, AR HA, AL EEGol
AN ZHEY 59 WP Zohd £
F718A49 ABEA F XS Jdehde A5
}e E3) FRAARME ol &dd Fohlled o ¥
e #7184 E2 ¥l & DA d%
& Hdd HAdez AA=EHR Qe (WHO,
1985), 4 AA FEAolgte W FAH F
2588 Y FESA0) ME HA olF 3
olg] & ExAo] glt}(Waldron, 1985). CTv} MRI
2 A e Ao Py ez st
T A& JAdets AoBE HIede] &40 s
AR F W7z Fohgxe Rilmz WgH
&R F5 8371 =@t (Orback =,
1987: Triebig 5, 1988: Triebig®} Lang, 1991).
agln, §718A o 254 &4 WA AR
AN AR e2 YeUEE HuAd Ry Zdd
E2HHQ CT A#7} o] giitmsls 3 4olatn
aoste AL 43T dolth(FAT F. 1992),
A1 A AANY (W AAEEE, sy,
HaHdh & F20AAY 7154 o3& Fold £
Aot HAt Aol Aeli #HAoA o] £o%]
22 AR zA e 2 AgsiA] g o
G}A, FFARA Y 7]53A st Ui e A
He v go 2 idkelA 8 & de AAWFTA
Apdbol A ol gEo] g o3tk HF 2=
AE B E3 KU1 EAE FFshe Z2A da
M2 oY ol gy shEAde g 77t ALs
o} ¢tl(White 5, 1990: Anger, 1992). Anger
(1990)& 1989W€71x) AR PFAANYE ol &g
AFe AAAHCE 185+ T 2504749 ol

fqr 32
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gtz st
Hinninen %(1976)&
ANREY F4E

T84 FRIZAANA
gotatrl A AABFHAIE 5
olm=e ddHcz ¥xw YFxErt gornz Ay
Al F83HA4 o4& ¢ dotx I, AT,
AAYFAA e 242 FE5] HMstn e A7
o vt ZAMA T HjX = EF 202 EA
g wjA| st ok dteu, olH% A FIE wlA
€ e del, Ad, 28, AHAAA 94A, A
e GHEEL 92 F71 59 JHARY 24
o Arabel HEst 2 AARE 24 Tl A
tH(WHO, 1987). o], WHOOA = ANEPFEHA}
wHel FAe] vinE 98 ZEE AAHE
AANEL FAL FEATE FH}AH(Cassito
<. 1990).

Klinteberg % (1987)2 A7 a5 dAte] o8 ut
S e FAV AzEG foFA wEcttn 23
3t9 a1 Heaton £(1986)2 drte 2Zste A4l
g 7ie, SA43 ol g AHAA 4
£ Bola, dae A5y #HJYE AAtdA
+HE Edga stgch. B AFE Gt dew
$A1Zt, Santa Ana ZAlelA wE FPH S EAxn
047‘]'—‘& ZARS, BRI 2 FYPHE B

O]‘é,] A} dx59th. Heaton 5(1986)&

Hell @& Aolo M AR HAle 2 ol
‘41’4' FHE AR YR} AALE FEE L7%e
AR dEHA Aol £AFEHD U & 2
e £AFIY EAFTAANA dFYH Aol B
olx gltk. 2} TEer§Ate Heaton
(1986)F = 2&l A%E Aol & Holx JYUrt.
AP A 4 nxe o8 29 F Fad
Aol REAFEAY ¥ERFdAN wEPE W
Apole HolA gm Ut} ol WETEY BE T
ol 1305 i o] pEolde FHE A n
Aol FHAZ & Aol UEA FE Aoz
AZET, Wb Holx pFEolie TElelw &y
of W& Zole givtn & & ATt

E2qd Z2Ee 2248 gAoR BeY
7+, Pegboard ZA}, Benton A|ZZAL ol A
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