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Neurobehavioral Effects of Chronic Exposure
to Organic Solvents among Dock Yard Painters™*

H

b
]

[~
==

0

o
)

o P>
U

23

un
1r o F-E'

oo gy R

1
32
[
o

o
i
!

w e
Mo

NIO _'\1_
R
2 m{)ll.

& lo

%ix} o1 ool #2512 g ol eh(4be} 2.7
, 1992). E Aol o 5hw 2 aMa}oM: of 13n¢u34
TaAst Aedqor §7) 8ol 22 k(4
AR =7 &3 ¢ 3], 1994).

el A T2aEo] Z2E I 9l

=] vl of| z]i}a_jo] 9\1"14 x|k =

T
.

2 =z}

anl

J}ﬂ
b oo |

JAEEe A9l 49Ty
* @ aelebdl B A m A Y

02

A7) 5e2 A @7
i xE, Xl‘a"’fi*c}él ol e, F4x
H 7} 7hed = olel vlmd 7 Hond $714
A A A P Aol A 5 Y, = ATl
we Aol aol A Bl e ol 4ol L H ol
Qo] AAAH oz = & FA 5|2 Y= ¥oH(Ellen-
horn, 1988). &l1} =5 7184 55
o]] o] & Zleygst}].‘; quo]AL Az 7+

AREA 5T Dos)m 2 gl
—7—:‘1_" 1A A A A Zla]].__z;—?— z.o U}Ac-)l

B4 gtok(Bleecker 5, 1991).
%ioil 1% AU el 4 ol
Elofsson 5-(1980) <l &5t =
29 nfA A 2o mpE
A Ao 22 szhe] A utdl Fof WAt n 1
91 Bleecker §-(1991) = +-57§® o] 10 olstal
ol M= F 2 2 gk A A TNt FE1sA vhehx]
%tz st Flodine 5(1984) 7+ Ekberg S
1986) = 5—10W A x 9 F2r|7to g utilAql of
& 45}“" 74 °I 57 S

BY

3
ol
2

2} =k A

/»ul'@;l

FFAA

1
-


Administrator
사각형


=

o H(WHO, 1985), b8 F34 oo
=o] A hehdr] @l ol FHol of sk A7} 9l
o}, =& A7 A 2] A ARk wlabA A A} = 11153
SRR ELERERKIE
ol A ol Fold 4
1995). b xlmgim

il

A |

Follof A xte] 71531
= A7t 9,1‘4(0173‘114
kil LO*IH o] -go] 7}5
£3}c}ske] 1970
al 1‘3#& FAeog
%7 } b 2. 2.4] 75 o]
2} (Baker, 1985). A7 857 AL wblloll = o] 7H#]
7b ot @A wjmA gho] ALLE & A o Z =
Goldstein®] Halstead battery, Hidnninen %] 7 %

o

S
[=3]
vA

_‘:_

T

ok

& Gl

SERR PR LD

\,

ki
2

=]

=S

Helsinki neurobehavioral test battery, Ray %

Pittsburg occupational battery
WHO-neurobehavioral core test battery So] 2lr}.
o] & WHO-neurobehavioral core test battery+ ok
@ A e B 2AETe] ABA YUt AES
Q17 19831 AlA A 7] T2} v]=2] NIOSH &4 3
of 7Hubx] ol o ) (WHO, 1985), ol F B2 A+5
slo] gtet =3 Hete o} 29wl F 55 T 7l A
£ 5S4 FE Ak Aty Fel 5‘—19] Eol, A
| RpzbE AL ol ol Al 7w 2] i) A Rl A %7
g Aoz A o2 {7 &R Z 2
2225 A AL 2 9l AAYPEAAL] i)
S Az Yo AHEF, 1994).
2Jrpefoll H = ol Al Fofl 28 1990 4173 52 A
Wol 4% olalz Z2 (AT F, 1993 AFE
%, 1994 ; o} 3] 5, 1995)oll oH 3t ‘24_-’%34 o] o v
27 (o)A 5, 1995 : ol AIF 5, 1995) ol &t A+
o} o]_f_o]x:] %1-0 o 0}11_9_ o) 58 Alz#o]u]»

exposures

o Al

= o

=
=

ko M ofr

-{0 o fr ol ¢

L=

Q

L "

oo ¥ dF& of] 7hA {7 EA N A w X
28 a Y TR 53 249 =4-Fol thated A7
FEAAYS AXo ] G714 A E 2 g ol

259 A7 EeA o3-S Hrhstual gt

A
i
)
rlo
do
N
op
e
2
2
ox
3
lo
tu
ofl o M i

o,

oo o
ol

b oY

o}

T

»
>
2
2
o

oh 2 o

& oofr M

W o2
£ N R M

-

o ok

- ns
£ b

o Jo X

2N
o

N
)
ol
e
ol

U Y
p

QL
f pe R

)

© 19 }d

A
N
Lt
ol
ol
S
N
-
of

=

N
CIRCON A 2

o o w2

ﬁ

4l o
N
BN

r A
Lo
-

yoe

o o
nt,

o
kS
me

rlo

k3
o
o oy
%
inl
i
4

o
alo

N
=

B
o e
ol
ol-_l r
ol

oo 2 2 2 i
ol

-0,
o o
—a

N o
e o
o

£ o
lru

ol

o
o

ol

E

L 4
rls
i
Y

ot
ol mlo oy

Lo

¥

u

v
2
of
2

Bolr o ko py
=

2o d
. oX
o
2 o 2ok o

&y
o 0 2
ot 0
X
b Lo
o 4y
rJ

>
el

ot

o, o\'.l
1=

A

o ol 34

2.7 dhy

AT Aol hshod AL WA 2Abeh F2
A AE, 282 A A FAAE QAP

1) AAFA s A z2A}

AR A 2 A 71714 e
& F okl Algrolu} o] § 8 L p-e AR FEAA AN A

=

=

A=A 2 Foto] o] F wFFHAh
A A Aol 28R A §-S e ek,
Ak AV ol B, A, »} | s, mEds
ool 1 BRN7, AYRA, mATFAY, A
(she el W8, aﬂzﬂ Agele sete, 3

©  x] X

T, o

a2

Zobe a4 yolls] %zoin



D Blabg, 2RI, el

e, “o“] Abg g sthe

%;ﬂ

=]

Lo} vl &
Eolod paby 2
O-Neurobehavioral core test
o] &3tgl o n

2 A

i o] #<lo]

H 9o
e

=2

battery(1986) & 3
A2+2 ¥ 2 (fatigue),
71

A

Py
T

i

ol (sleep disturbance),
A Z Aol (memory and attention disturb-
ance), A A
bility), 437
(physical symptom)

H-et(emotional lability and irrita-
4 3471A Fo AIAA ol AF A

otz Al 74 ol (peripheral neur-

ol
ES

= =
= ZAb

dET

opathy), &3 Al 7 Aol (central neuropathy)
Hi3_7711:1L 3780 2 o] % 3\10"1 7+ A
P <5£ D3 ek 7 ERE A o]

“ohy
F5}3}

)

B

=] )

e

fu
£ oo

°
&
© o)
29

o1
AR

Al73 f%‘ A A B 74 7] ol A
Neurobehavioral core test battery e} 771 %
Alsheich 59 algidlo] ghApghA
Al 3ot AARNE =28
x| X5 £ Aol 4 "olxl b4l

Aabe FUW

A Aurak WHO-
TE5-g
gz
HOLBH
S ol &bt 2}
sajol weh FYG why oz WHO.
Neurobehavioral core test battery(1986) 2] ==z
Al 3t on] W &2 ob-3 3} gof

(D74

7L2 =uj
==

Al

1

ol
2

i e

o)

B7E

=4

(Profile of mood states)

Aol AelE AwshE 6707 (Ten
Depression-Dejection, Anger-Hos-
tility, Vigor, Fatigue, Confusion, Friendliness) .2
ol F-o=] sleh, AApuid -2 Sl &

=
L=
T
sion-Anxiety,

X 7L7<4 AL

2 Fo|gdch

g 2 3HA) - A ";g}. }oir/},

woa

Abei 7k absl A Al6d (1997)

(2) hs=uk-2-2]) 7H(Simple Reaction Time)
b G417 ZpZell tdte] ofmlut whe) ub-Sale
7H 3%‘—;@ e e s AAEE7) S-S Hoslr) 9% A

+ Standard Reaction Time Tester
(Software Science, USA) &S o]-&35}o] 4l x]&}baict
A7) 7] 3he] ghEol f£r1ekE SElEn 77 9S Ao

t} Eulo] &

3
i
N
Tt
9,

z}ok7) (Digit Span)
Aok 7I A AR Wechsler  Adult  Intelligence
Scale(WAIS) ] ol ZdAb & @7hAl 2.4 7 249 A
FE 28k gzl A7) = Aelek =}
o} 7)ol 3= (forward) ok 719} o £=(backward) g}7]
7F et % A w2 z28E A4
o} Ab=}el] A} %HT-E B e kshA 3§
27 R oA o) & 9le
vl 37 SeRbERE A #ghe)
A A zfoll Al Bl a Ee

1A s}b 7 o]}, Q;l"*ol-ﬂg]

o] o = :
32_7_‘5240

e

2~ 0
T’:

-

T

j=1

=8 Z]

29

Lo

A

>4
)

«
b

9

1
a0

=

lo
b
2
—ju

2
R

O

Vg
Lo o A s
2 o
M X

2
B

N
JT"
2

N
=

Santa Ana Helsinki Version-g- o| £3}¢ic}, £71&

AHAAAE A5H £E559E Aoo7] AR Ao
w3 o] WhE @5 eES aTeb 2 bl

1=

Alzte 2 H &S 180 58 Alxte| 2 ot vohA
gto}, A 2= £(preferred hand) 3 & %]
(non-preferred hand) 7+ 7ol el slo] 24 A&
0% Fk Al sHA sl FHAl A3 =2
shoi et
(5) s= A2 % 3H(Digit Symbol)

2R 5 3} 7] A= o2 7 Alol w]E) Al
1

orL. A
= g

pd

2o g

s8¢ gT7ste AR A s

ot 104 97b=] 9] E=xpel 57} w292 o

7h 2 aboll dlled sl g o) #E 7)qlgek 90
F &A AN A N5 " Eshatoo

7} AH(Benton visual retention test)

HAb Zobel 4] 7] &tk el =

= =

= o 1

R

23

Hr

X
=
=
=1

N

ol
ok

|

=
A

o ﬁl’(‘

o
=
g

!

el

ol e M

r-?«

A

r_&

-l

1,(]

b

ol
2]

o

(

A

) A1747)
o_q' >z ;d 3}\1

5F 45l 7 kol c}. Benton Vis-
ual Retention Test Recognition Form (Office of Oc-

k7]
o
>

i

g 7] <34



cupational Health WHO, Switzerland)-g- o] &3} =
Abslgct, = 3¥o) 1eiAl st 2-IEE 102 S
HedZEad F 40 wEd 28 B Yol M £ AH R

< :L%‘-% ;&o}»ﬂi—% geh & 109 2YFEE ®o
£ A543tk
7] (Pursuit Aiming Test)
%t354 A% Ao E 5ok A4
o} ZH-2 fdatel FatshAl & A
3] AA gl A FE SA A o]
%19] &, 22| 7}7+ &

A2,

a\]_ TE

Abakalet,
3 RLERE] Y FAUY

#7435 28+ SAS 6.04 Version&
fArt

T2k, ¥, @
ol B w719 8l
7t ey R bzt foldt &
ket 0121 gl 5ol F S
Fodold H FA4FF
dtod A ZH e d, 2F) H R t-test
Zpol & shotstolch.

w3t 7h7tel Waof *‘173%%
%0}17] %’43}04 3

SEEE

#4%

o

)

Axe

-.-4(‘.,‘1 -40

o

al m\m

K

o

8&21 E_E_

-]

d

-1r

oft
o

Ao

,\
r2
o

o
N

ki

o N o

eI V. <)

ol ot £

ok

2

L oX
£ lo o
,'1\’@

2
ol
o
N

o

AR}

A4 669 AFolA=le] dvd 2 F v 404417}

229 (33.3%) 22 7} 9gka ohg o 2 & 35—394 7
197 (28.8%) % A=ldts & A4 AFdA F 409
7} 50%% A8t en 2000 7F 39 (4.6%) o2 7
Adch A AT A=t HE A7 -2 41.0£6. 14

1ol °
£ QLA ez
5 5]

(5

gl e FenES) ol sholl shebshE7-9del 33
3 (50.0%) 2.2 7H4 ghsken g 2 10-1240)

184 (27.3%), 63 ol sk} 1379(19.7%) wolglx A
BEddhe 924220l e}
717 R2s vy 10—-149
50.7%¢) siv}al 34wl o2 spA ok 15Wdel 4 &
22b7b 239 (34.3%), 9d o8t =%-=t7F 107 (15.0%)
0.2 10d ol A7t A& AR E L Ak HE T F
71742 13.0+4.2:d o} i e,

T

LD
ulol

F 27} 49“5’(74 2%),
), Bl&d

s

>
o
FORO?

C TS

P
B
k3
lz

32

AFH A2 8 A
ol A AAl Hi= 25
5.0+6.88 (%A 364), +%
4 60d), #x—AdE 17.
6%8. 7;4(}.;4 , 871 1462464 (FA4 324),
¥ 2 14.3+5.8 d(w?ﬁ 28A4), E5L11.4+4.7H(F
A 284), AW 721534414 (F4 283) ol
AP FHAH 4 30%/1 3% oh&a
Zrch, wrEub-3 A7l AAH G B ZPA T+
276.3+53.0msec 2} 54.7+23, 3msec°l QaL, 7hA wa]
Hb-Sgk A1 7t bR e A Wbg- g A 2k 744 195.8 +
32.9msec, 495.9+ 144, 5mseco]gict. £rtabal A A
Apoll A= A 2= 0] 43.046.370, el o AA

}n

—_

AR

1

3

Lot

E o] 39.2+6.9/0 Ak ALl AEadrlot
782780102 Aot 472174 1ol =2

25 Foll A BE 44441357001 2eh Al 27 Abol 4]
=100 F 7.6+1670F Baglch SRS A=
A e 70| 170.8+38. 10, Ee}7) =2 7o) 15.8+

18.27 o1 QA ek Table 3).
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{Table 1> General Characteristics {Table 2) Mean Performance score of NCTB
Duration of employment Score
» (vears) Performance Mean+SD Minimum Maximum
Characteristics Total
No(%) No(%) No(%) No(%) Tension-Anxiety 15.0% 6.8 2.0 30.0
Age(years)* Depression-Dejection  19.3£10.9 0.0 41.0
-2 3(46)  000.0) 0(0.0) 3(4.5) Anger-Hostility 17.6+ 87 0.0 33.0
30-3 115  3(46) 1L5) 5(7.6) Vigor 146+ 4.6 40 0
35— 39 1(1.5) 15(22.7) 3(4.6) 19(28.8) Fatigue 143+ 58 00 26.0
40 - 4 3(4.6) 11(16.7) 8(12.2) 22(33.3) Confusion L4+ 47 00 240
45— 49 2300  3(46) 6(69) 11(16.7) Friendliness L3+ 4l 30 0
50 + 000.0) 2(3.00 4(61 6(9.1) Simple reaction fime (msec)
Mean+SD +£8.6 40.245.1 44.0%5.0 41.0%6.1 1Mpi€ reaction
eantS 3.9 2£5.1 44.0£5.0 Mean 27634530 1950  448.0
SD 547+ 233 160 1490
} Fastest time 1958+ 329 1360  31L0
Education(years) Slowest time 195.9+1445 3050 9490
- 6 0(0.0) 9(13.6) 4(6.1) 13(19.7)
79 6(9.1) 15(22.7) 12(18.2) 33(50.0) Santa Ana
10 — 12 3(4.6) 9(13.6) 6(9.1) 18(27.3) Preferred hand 430+ 6.3 28.0 57.0
13+ LS 115 00.00  2(3.0) Nonpreferredhand ~ 39.2+ 69  23.0 58.0
Mean+SD 10.2+1.8 9.0£2.4 92421 9.2+2.2
Digit span
Forward 7.8+ 2.7 3.0 14.0
Drinking Backward 4.7+ 17 1.0 14.0
No 4(6.1) 9(13.6) 4(6.1) 17(25.8)
Yes 6(9.1) 25(37.9) 18(27.3) 49(74.2) Digit symbol 44+ 135 19.0 79.0
Benton visual retention 76 1.6 3.0 10.0
Smoking . .
No 2(3.0) 14(21.2) 6(9.1) 22(33.3) Pursuit aiming
Yes 8(12.1) 20(30.3) 16(24.2) 44(66.7) Correct dot 1708+ 381 840 2610
Wrong dot 15.8+ 18.2 0.0 108.0
Total 10(15.2) 34(51.5) 22(33.3) 66(100) Sum of dot 186.6+ 427 1130 2840
* p-value<0.05 as measured by ANOVA
3. CITOHAIRIS| SNMY MBMEZHAL T3 A1y 54.04+20.5msec, 91d o] 3} TH-F o] 42,3+ 14.3msec 2
e 4 et oleh 2bd el 13 A7
1) Z5-7) kel wp 2 43 A2 A A] kel AAAL Bo| x| gokeh A =g A ukg
o}7]4] TR BA TEH B ohfe} AAHS 3 A 7he TR 71 7ke] Aol A of whe} g A 7he]
Z23e F7)gAlol] F2d F 342 el ek A3 glovt Fol mep BAR o o a Aok gigd
AAZ2PUE = Foll if E §-293 SA4AFHQ o] F B ol Erenl A G Al = g 2E oA 277
o] &= 22 gl H(p<0.05). sk ub-SA|ZF 3 5 F 4] 10— 14 dFo] 7h3 & A4 A (41.4+5.770) & volon
Zholl A F2ke] frel & Aol gl ot 5713k & v x] F& vl Lol (9d o] o] 44.7+5.374, 15
74 boll ubzl 3§ ubg-A zke] Hoj AL 922 YEIWN do] AbF 0] 44.547.370), dbel s £ X 72}
b ¥ EHAE 252710~ 14d F o] 57.6£25.8 10-14dFo) 7ha L& 3874570 +3 A2 15
msec 2 7} =gl ow o} o g 15 0] A} ZEFo] d o] AL o] 39.6+8.57, 91 o] 37 o] 40.1£7.37 2|
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T4 2 FoUgon FAH2 s fog el S B
Hp=0.0326). E2H= 72 745 #o!w 9d o]
3} 52 202.0+37.570, 10— 143 FF0) 169.5+
37.574, 15 o] AbF-o] 158.5132.47111 =577 7}
of wtet f-2 Al = M4 7F U eH(p=0.0090). F 4l
A 2b7t 222, 6+49 47H, 180.840.470, 179.4+36.171l
ojgict, wbH Ealfoll4lE 159 o] AFe] 20.8+25.9
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Abel 7k 3aks] = A6 (1997)

I

{Table 3) Mean Performance score of NCTB by Duration of Employment

Duration of Employment

Performance " -1 5t p-value
(n=10) (n=34) (n=22)

POMS
Tension- Anxiety 151+ 6.6 143+ 6.8 16.0+ 7.0 (0.6867
Depression-Dejection 17.3+ 124 18.9+ 10.6 21.0%x 11.1 0.6423
Anger-Hostility 17.7+ 95 16.9+ 8.0 187+ 938 0.7519
Vigor 125+ 3.7 150 4.1 15.0+ 54 0.2861
Fatigue 16.3+ 4.7 13.9+ 5.7 141+ 64 0.5895
Confusion 10,1+ 4.7 11.9+ 5.3 11.3+ 3.7 0.54%
Friendliness 5.3+ 37 4.6+ 4.1 16.3+ 4.4 0.3852

Simple reaction time (msec)

Mean 263.5t 64.8 273.4% 484 286.4+ 55.7 0.4879

SD 42.3+ 14.3 576+ 25.8 54.0+ 20.5 0.28244

Fastest time 193.7+ 45.1 193.1+ 264 200.9+ 36.6 0.6825

Slowest time 393.3+ 84.0 503.2£136.0 518.3£163.6 0.1270
Santa Ana

Preferred hand 4.7+ 5.3 41,4+ 57 445+ 7.3 0.1293

Non-preferred hand 40.1+ 7.3 38.7+ 57 39.6+ 85 0.8072
Digit span

Forward 9.0+ 34 7.9+ 238 7.0+ 21 0.1380

Back ward 48+ 1.3 + 21 41+ 0.8 0.1180
Digit symbol 51.5%+ 16.5 42.9+ 12.7 43.5+ 12.8 0.1925
Benton visual retention 8.7+ 1.2 76+ 1.6 7.1+ 1.5 0.0326

Pursuit aiming

Correct dot 202.0% 37.5 169.5+ 37.5 158.5+ 324 0.0090
Wrong dot 20.6+ 14.8 1.1+ 10.9 20.8+ 25.9 0.0948
Sum of dot 222.6+ 49.4 180.8+ 40.4 179.4+ 36.1 0.0129
4) gFoi ol e 473} o whe | vhebskeh ohebal A 47 Abol 4 £ g 2
A ED w4 70l Yol WhE o] F ol T £ 2R e £ 2504 w2 FTo] o Be )
e ek A2 AR ek $E- AN, Fr— F5 FAsdo) ol a Aok ghgleh 18] £Ake
W, B7), A2, E5H AY 2E FRolA ¥ ST ol 7, £ARES, 2R o) A vl S Eo] okt 5o
FF Tl vleted ¥ A4 woluh folahal & ok FAA G Mol st of = Z s Folah abo| 2 wo]
o, mhnb g4I T 3 A FA B AR el g A = 432 gl e Table 6).
zholl 2] #7ke) el q Aol = il

, o] 52.1+18.2 5) Felof Hol u} B 48 743}
msec(p=0.0015) &, 7}& w2} d4l-8-3 2] zhell 2} &= v] FAF v FoAT 7ol EA A

37 o2 Fel Aol &
+F ] 191.2 +18.2msec, & F F o] 197.4 +36.7 Mol= dg2 gl
msec (p=0.0084) 2 ] ¢ 2| &  of ] 5370l 4 FAERE F AR -k S5, -0,



(Table 4> Mean Performance score of NCTB by Age

Age(year)
Perf Pval
eriormance ~29 30-34  35-39  40-44  45—49 50+ value
(n=3) (n=5) (n=19) (n=22) (n=11) (n=6)
Santa Ana
Preferred hand 477464 472445 42.0+49 441+66 40.7£68  40.4%75 0.1688
Non-preferred hand 44.749.0 420+4.3 387+54 40.1£6.6 33.2+65 33265 0.1600
Digit span
Forward 11.3+x46  8.2%29 7.9+2.8 7.8%£2.5 6.9x£2.5 6.7x1.4 0.1798
Backward 5.3£0.6 5.4%£0.9 44+1.6 47+1.3 4.3+1.0 6.0+£4.0 0.3268
Digit symbol 65.7+4.5 53.0%+14.1 41.6+83 46.0+£156 40.7*+11.3 34.6%95 0.0103
Benton visual retention 9.0£1.0 8.6x1.1 7.7+1.2 7.1£1.9 7.9+1.8 7.320.8 0.2348
Pursuit aiming
Correct dot 223.7+22.9 204.2+24.8 167.1+30.6 179.6+£37.2 156.4+£32.8 122.3+18.9  0.0001
Wrong dot 29.3+25 17.4+13.4 8.0+83 16.2+169 14.1x11.7 33.7+4L2 0.0422
Sum of dot 253.0+25.4 221.6+355 175.6+32.4 195.8+45.9 170.2+37.0 156.0+25.3  0.0016
POMS
Tension-Anxiety 15.3+£10.3 22650 15.3+6.7 15.2+£7.2 11.4%£58 13.0x1.4 0.0735
Depression-Dejection 13.3+11.0 274481 18.9+11.2 22.0%+123 150+88 15.3+6.8 0.1884
Anger-Hostility 15.7+11.1  24.2+26 17.6+£84 182+95 17.1x9.1 11.7+7.2 0.3208
Vigor 14.7+4.2 124446 147451 14.7+44 13.9+41 17.2£53 0.6670
Fatigue 153+4.0 18.0+6.4 14.1+55 14.8+6.7 13752 10.8+3.3 0.4714
Confusion 10.7+4.5 142426 11055 122+46 10.5%51 9.7£2.9 0.5884
Friendliness 16.0+4.4 13.8+11 152448 151£3.6 155+50 16.3%5.0 0.9580
Simple reaction time(msec)
Mean 213.7+8.3 288.5+93.5 274.1+459 266.8+38.2 310.8+74.9 277.5+269  0.123%
SD 36.3+5.1 80.4+55.7 54.5+199 524+20.0 52.0+221 55.2+10.9 0.1343
Fastest time 161.0+12.1 183.8+55.7 192.8+24.7 195.9+21.7 216.7+£50.2 194.0+21.0  0.1200
Slowest time 359.0+37.0 554.4+207.1 511.9+142.2 478.9+144.2 514.8+163.9 493.0+£78.7  0.5372
EFolAE v Fodgol FAFR S HFE Bl AL FAEE o2 2l 3k o FF ol r 7]
W 9z, AelA e FFel w£e F4E vebich Al oH, o F FF o2 $Ro 2L abolF 4ok
RS Al ol A& B EASAD, EE A, Y o 2R aA Rl - Bk FE-AL, B
2 ub-g g A7 A el A e Al 2wl R o, 7], A2, £574 AU 25 {27 Abo] & 2ol
Foll 4 v} ghobh & FHA S 2otk £t LA 32 gloich HEBSAT F EF A A me)
Aol A Fediol vl FATol vl e H5FE v Al g A Zboll A F2he) ol Aol figle,
o £AY 55 Y A 7br| o A Abell 4 = ul F A Fol & % F A 7hol 4] & A F o] 316.4£70.5msec, 2 FFol
© 45 vhetu gl on] Z2 A 7)ol 4] HakEof 266.2 +40.7msec(p=0.0046) &, 7} &2} 2b-& & A
] g odFol 52 Ad4-E »glck(Table 7). 718 9 AFo] 221.1 £44.2msec, S5 T0] 188.4£24.7

6) 7 ARAI Zbol] whE S A3t

msec (p=0.0025) & 2] & zlo] 5 ¥ Act £rietal A

A7, A7), AL F el A F2ol 7 Zpo] E Mo



itz tsiAl Al6d (1997)

{Tabie 5) Mean Performance score of NCTB by Education

Education(year)

P-val
Performance o -9 012 15+ value
(n=13) (n=33) (n=18) (n=2)
Santa Ana
Preferred hand 38.6+6.5 427458 46.1£5.7 48.5+3.5 0.0052
Non-preferred hand 35.5+7.1 38.8+6.8 41.8+6.8 46.5+2.1 0.0310
Digit span
Forward 6.3+2.1 7.7£2.5 9.2+3.0 6.5£0.7 0.0238
Backward 3.9+1.2 46+1.3 5.5%+2.4 6.0+0.0 0.0443
Digit symbol 33.7+12.9 43.6+9.1 50.9+14.9 63.5+21.9 0.0005
Benton visual retention 6.9+£1.8 7.5x1.6 8.2+1.3 9.0£0.0 0.0977
Pursuit aiming
Correct dot 140.9+36.4 173.3+33.8 183.9+37.6 205.0+22.6 0.0055
Wrong dot 21.0+30.1 14.1+13.6 14.6+15.6 19.0x8.5 0.6956
Sum of dot 161.6+39.7 187.7+41.6 198.6+41.7 224.0+31.1 0.0555
POMS
Tension-Anxiety 11.7+7.6 15.8+6.4 151+6.7 22.0+4.2 0.1271
Depression-Dejection 19.3+8.8 19.8+12.4 18.1£10.0 24.0+£2.7 0.8874
Anger-Hostility 15.0+£9.2 18.5+£9.3 16.6+7.0 27.5+35 0.2305
Vigor 14.943.2 14.7+4.9 14.2%5.3 15.0+1.4 0.9682
Fatigue 13.7+5.4 15.2+5.9 13.1+5.8 16.0+8.5 0.6266
Confusion 14.0+4.8 11.1£5.0 10.1£3.8 12.5+2.1 0.1278
Friendliness 13.9%2.5 15.314.6 16.2+4.3 14.5£0.7 0.5243
Simple reaction time(msec)
Mean 294.9%55.3 275.91+52.5 263.5+54.2 274.0+50.1 0.4623
SD 49.5£14.5 55.8+24.2 57.3£13.4 110.5+54.4 0.0014
Fastest time 212.3+55.3 197.7+£28.2 188.2+38.7 181.0+26.9 0.1948
Slowest time 505.8+136.5 500.8+161.5 453.4£119.5 599.5+84.1 0.4323
L gee 491 2AH A7) S 4ol 4 2 A Fol AT B4 F A W4T 2ele) & )
4+28.47 H, 0] 15.9+14.87/12 S A Foll A o A A7 F AhA we] wbg 3 A1 7HS §-21 %) A
A EH A EP"L owj o] EATgH ez {2 (r=0.2684, p=0.0204) & 8.of oA o] F/1 g4 ul-g
3t A eHp=0.0! 003)<Table 8. A7kl Ao} A& BodFm glr} mat £ v)abal ol
A 2R e £l A (r=—0.2645, p=0.0375),
4 AFHAXL] SHD MBS HAL TS 7| A 9l 2kl 7l F A7 (r=—0.3403, p=0.0044), %
oRA 271 Z3H(r=—0.3884, p=0.0015), =& g~ 7| gt &4
(r=—0.5149, p=0.0001) % % 4(r=-—0.3921, p=0.
7k 7 A Soll gk o RS shotals] A ol 7 0012) el 4 717k f-ol g o A A 2o F 2 Q)
AL Ee] E4lak 2 AR W FAALe] a5 el v 2Ed ool BANA EobUHA, B 2E £
AN Al S 24 shgl et (r=>0.4100, p=0.0024) =} = 2 =] g+ £(r=0.359,
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{Tabie 6) Mean Performance score of NCTB by Drinking

Alcohol Drinking

Performance
No Yes
(n=17) (n=49) p-value

POMS

Tension-Anxiety 164+ 7.3 14.5¢ 6.6 0.6055

Depression-Dejection 19.5+ 11.9 19.3%+ 10.8 0.5627

Anger-Hostility 179+ 7.6 17.5 9.2 0.4044

Vigor 156+ 3.4 143+ 4.9 0.1011

Fatigue 14.6+ 5.7 142+ 58 0.9362

Confusion 11.8+ 45 11.3+ 4.8 0.8184

Friendiiness 16.2+ 3.6 149+ 4.3 0.4213
Simple reaction time{msec)

Mean 273.8+ 43.1 277.1+ 56.7 0.2476

SD 62.1+ 335 52.1+ 18.2 0.0015

Fastest time 191.2+ 18.2 1974+ 36.7 0.0034

Slowest time 497.6+159.7 495.3+140.7 0.4973
Santa Ana

Preferred hand 43.8+ 6.7 427+ 6.2 0.6654

Non-preferred hand 41.8+ 54 383+ 7.1 0.2220

Digit span

Forward 79+ 2.6 7.7 2.8 0.7763

Backward 49+ 1.6 4.7+ 1.8 0.6290
Digit symbol 46.8+ 13.2 43.6+ 13.6 0.9390
Benton visual retention 7.8+ 1.4 76+ 15 0.5023
Pursuit aiming

Correct dot 180.5+ 37.1 167.4+ 38.2 0.9492

Wrong dot 16.7+ 15.6 154+ 19.1 0.3801

Sum of dot 197.2+ 46.8 183.0+ 41.0 0.4745

p=0.0068) = F-oll A, 22}5 R} ol A = A g=ot7)
(r=0.2496, p=0.0341) &} 9 % 9} 7] (r=0.3347, p=0.
0055) ZFollA ART{AF 2olFa ok 2ol
%= & 7} & 8H(r=0.4459, p=0.0004), A 7+ 7] = A 2}
(r=0.2987, p==0.0366), % =49 7| o+-&4(r=0,3427,
p=0.0045) % %4 (r=—0.2718, p=0.0366) ol 2] 77}
frol g AdAE vdF T gk

Ta A okel BAE A B LS o R F AE
}2 ol A od A3 A (r=—0.3176, p=0.0081) & 5.
ol o}, =3 422135 8Hr=—0.2571, p=0.0405) 2}

O

ar

N«

A Zp 71 A AHr=—0.3292, p=0.0100), &5 =4
& 4 (r=—0.4098, p=0.0005) % F+(r=-0.
2916, p=0.0184) ol 4] 77+ {-2| g A A A/A & B35
lem 1% Ba TR GefolA e b 4
o142 JehlRlch 78t 50 3t Fodod Yol whe}
ARDAE wolt FFE glglort HAA el Yol

2 7]

o

O;
o

= g4k Al 3 F A 7 r=—0.4152, p=0.0005) =}
74 wka] ub-2-g} 2] 7k (r=—0.4209, p=0.0004) o] 77}

o

3 A a2 w ek Table 10).



{Table 7) Mean Performance score of NCTB by Smoking

ﬂ.

[}
3

7+& 83l =l A6d (1997)

H-llo o ‘h’

S ook

oY, oo

Smoking
Performance No Yes p-value
(n=22) (n=44)
POMS
Tension- Anxiety 15,7+ 6.1 14.6+ 7.2 0.5603
Depression-Dejection 20,9+ 11.0 18.6+ 11.0 0.4322
Anger-Hostility 185+ 6.5 171+ 9.7 0.5546
Vigor 14.8+ 4.3 145+ 4.8 0.8070
Fatigue 14.3+ 4.9 144+ 6.2 0.9525
Confusion 123+ 3.6 1.0+ 5.1 0.3129
Friendliness 154+ 39 15.2+ 4.3 0.8846
Simple reaction time (msec)
Mean 272.2+ 53.9 278.3+ 53.6 0.6664
SD 51.1x 15.6 56.5%+ 26.3 0.3898
Fastest time 191.5+ 35.8 198.0+ 31.5 0.4565
Slowest time 453.5+ 84.4 517.7+163.9 0.0982
Santa Ana
Preferred hand 41.0+ 6.9 440+ 59 0.0738
Non-preferred hand 38.1+ 638 397t 6.9 0.3792
Digit span
Forward 8.6 29 7.4+ 2.5 0.0816
Backward 4.9+ 1.6 47+ 1.8 0.6876
Digit symbol 47.7+ 135 42.8+ 13.3 0.1790
Benton visual retention 7.9 1.6 7.5+ 1.6 0.4143
Pursuit aiming
Correct dot 170.8+ 44.1 170.8+ 35.3 0.994
Wrong dot 17.8+ 144 14.8+ 14.3 0.5285
Sum of dot 189.0+ 45.6 185.4+ 41.7 0.7485
EAHT A Fol MBS HAL AN A wl =" 7] a9l cl(Table 10).

A7 E7 Aol A S v m&, ¥ § £k
T A A feted FEARAE AR F 1A
* 7 p-3-g veb ek TR A A Fol A
2ol 52 Eaelr] F AedrIdd A e
& Mol A= kot wAG HA G vlmollM F
S e FAEF R FEAAZUE F A
o, $E—AR, -l e S A2 F
Al 7Y, 7 = A wbgak A7k, A bl A A
AR 2] o, mASE) B A, Al A
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6. ATFLHAXIR| Xp 2t Z AL HE A2t

1) F4TYE 24 FA

22k A A - Fgholl A fohvl 90t df whEE 7 ol
EO0RE F a1, ol et i wbeE 7 13 & ol A3t
3tod vhetul ok, A=) ARt E A 3 B T4
THe A ATl g 22 AFE ARG
(28x1.08 /4" F), tbTog = A 227 Fo)(2.6+
228 /7R F), £8A = S ABA Aol AFT A



{Table 8) Mean Performance score of NCTB by Testing time

Testing time
Performance Am P p-value
(n=17) (n=49)
POMS
Tension- Anxiety 143+ 5.1 15.2+ 7.3 0.1498
Depression-Dejection 199+ 85 19.2+ 11.7 0.1897
Anger-Hostility 183+ 7.5 174+ 9.1 0.4156
Vigor 167+ 3.6 14.0+ 4.7 0.2772
Fatigue 132+ 4.4 147+ 6.1 0.1787
Confusion 114+ 3.2 114+ 5.1 0.0644
Friendliness 16.3+ 34 149+ 43 0.3533
Simple reaction time{msec)
Mean 316.4+ 70.5 264.2% 40.7 0.0046
SD 58.4+ 28.3 53.6+ 21.8 0.1879
Fastest time 2211+ 44.2 188.4x 24.5 0.0025
Slowest time 550.9+187.6 480.0+£127.3 0.0531
Santa Ana
Preferred hand 431+ 6.6 429+ 6.3 0.7934
Non-preferred hand 389+ 7.1 394+ 6.9 0.8409
Digit span
Forward 6.7+ 1.8 8.0+ 2.8 0.0726
Backward 44+ 1.6 48+ 1.7 0.7361
Digit symbol 43.0+ 9.6 44.8+ 144 0.1073
Benton visual retention 7.6+ 1.2 7.6+ 1.7 0.2128
" Pursuit aiming
Correct dot 160.7+ 37.8 173.8+ 38.0 0.9235
Wrong dot 15.4% 28.4 15.9+ 14.8 0.0003
Sum of dot 176.1+ 39.7 189.7+ 43.0 0.7409
(2.8+2.2% /88 %), 7194 o A5 Foh(L2+] Aeh(50.7%)" 5ol 9L eK Table 12).
1/4A8%), FFA73 2eh(1.2+ ), 2L 4
2o (0.720.9 /38 %) o A1 A £H(14+1.7 /6% 1 EEH SABAT AYBSHA S Sl AT
%) ol 2leK Table 11). 2

2) 4 g AATE I
a2 2 o AR5l
F 25 928 =19(85.1%

S =2H(82.1%), " HEt 3;—314(56 %),

al vl g kst o) Eek(56

T oqwome

A
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{Table 9> Correlation matrix of the test scores

At sots| x| A6 (1997)

Age Education Duration of Drinking Smoking Testing
employment time

Pt —.2188 .2279 0166 —.1245 —.0730 .0578
Pd —.0989 —.0077 1339 —.0098 —.0983 —.0258
Pa —.1421 1179 0709 —.0198 —.0741 —.0464
Pv .1058 —.0156 0677 —.1253 —.0306 —.2441*
Pfa —.1740 0012 —.1275 —.0443 .0075 1071
Pc —.0645 —.1963 .0070 —.0410 —.1261 0046
Pfr .0740 1970 0871 —-.1399 —.0182 —.1417
STm, .2195 —.1393 .2714* .0264 L0545 —.4152*
STsd —.0610 1268 1044 —,1904 111 —.0878
STit. .2684* —.2057 .2053 .0835 0932 —.4209*
STst. 0220 —.0630 2129 —.0070 2119 —.2073
SAp —.2359 .4100* —.0006 —.0745 2216 —.0141
SAnp —.2645* 3596 = —.1025 —.2219 1100 0263
Df —.3403* .2496* —.3176™ —.0241 —.2160 .2104
Db —.0227 3347 —.2045 —-.0485 —.0504 .1093
DS ~ 3884 4459 —.2571* -.1052 —.1688 .0549
B =.2210 .2987* —.3292% —.0701 —.1022 0125
PAc —.5149* 3427 —.4098** —.1519 —.0006 1453
PAw .1663 —.0838 1755 —.0310 —=.0790 .0108
PAs —.3921= 2718* —.2916* -.1474 —.0402 .1353
*p<0.05, *p<0.01, **p<0.005

Pt ; POMS tension Pd ; depression Pa ;angry Pv : vigor

STm ; Simple Reaction Time(SRT) Mean STsd ; SD STt ; fastest time STst : slowest time
SAp ; Santa Ana preferred hand SAnp ; Santa Ana non-preferred hand Df ; Digit span forward

Db : Digit span backward DS ; Digit Symbol

PAw ; wrong dot PAs ; sumof dot

(Table 10) Adjusted mean Performance score of NCTB by

Pfa : fatigue Pc :confusion Pfr ; friendliness

B ; Benton visual retention PAc : Pursuit aiming correct dot

. Duration of Employment
Duration of Employment Performance p-value
-9 10-14 15+
Duration of Employment (n=10) (n=34) (n=22)
Performance To 10-14 It p-value Santa Ana
(n=10) (n=34) (n=22) Preferred hand 427 415 454  0.0654
POMS Non-preferred hand 380 387 40.5  0.5449
Tension-Anxiety 13.4 14.2 16.8  0.3146 ..
ety ~ Digit
Depression-Dejection 16.1 18.6 22.0  0.3956 Ig;lo rs\fz)j; 83 79 73 0.6174
Anger-Hostility 16.3 16.7 19.5  0.5157 Backward 4'l7 5'2 4'0 0'0342
Vigor 12.6 15.0 14.9 0.3728 ’ ' ’ .
Fatigue 15.8 13.7 14.6  0.6169 .
Confusion 101 1.7 116 06344 Digit symbol 66 431 455 0.6267
Friendlines . 14. . . .
riendiness 151 47 16.2 0.4535 Benton visual retention 8.5 7.7 7.2 0.1295
Simple reaction time(msec) o
Mean 272.6 2735 2821 0.8435 Pursuit aiming .
SD 383 571 5.2 01663 Correct dot 188.1 168;5 166,:) 0.2106
Fastest time 2013 1935 196.8 0.1174 Wrong dot 2.0 112 196 0.1011
Slowest time 3813 5009 5261  0.7904 Sum of dot 210.9 179.8 186.1 0.0982




{Table 11) Mean score of Questionnaire {Table 12> Symptom Frequency of each question
Score of questionnaire Frequency(%) Question
Sympt |
ymptom compiex Mean+SD  Range <20 constipation, difficulty walking in the dark,
) paresthesia in the face, irritable, confused
Fatigue 28+1.0 0-4 thinking, feeling isolated, dropping objects
from hands
. N _
Sleep disturbance 0.7£0.9 0-3 20—<30 diarrhea, weakness in legs /feet, anxious,
wakeful sleep, changes in the sense of taste,
Memory & attention disturbance  1.2+1.1 0—4 insomnia, hand tremors, facial tic,
nightmares, depressed
Emotional lability & irritability 14£17 0—6 30— <40 forgetful of routine items, headache, weak-
ness in hands /arms, forget what you were
] thinking, excessive sweating, paresthesia in
Physical symptom 2.8+2.2 0-8 hands /arms, vertigo, changes in the sen-
sation of smell, loss of appetite, stomach
. ache, indifference, difficulty concentrating,
Peripheral neuropathy 26+2.2 0=7 palpitation, paresthesia in legs / feet
_ =50 tired after work, tired after waking up, day
Central neuropathy 12413 0-5 dreaming, falling asleep at TV, paresthesia
Total 127479  1-32 in fingers
{Table 13) Correlation matrix of the test scores
Fa Slp Memo EL PSx PN CN Total
Age —.1977 -.0759 —.0995 —.1882 —.1883 —.1674 —.1540 —.2124
Dur -.1501 .0043 —.0858 -.0191 —.1433 —.2742* —.1342 -.174
Edu -.0782 —.1388 —.2195 -.1069 —.0872 —-.1151 -.1050 —.1528
Dri —.1204 —.0687 —.0954 —.0108 —.0935 —.2849* - 1767 —.1724
Smo .0103 —.0892 —.0847 —.0816 .0296 —.0872 —.0635 —.0718
STm. .1955 —.0184 1327 -.0114 .0534 —.1387 0718 029
STsd .0928 .0802 —.0324 0372 1126 ~.0218 .1453 0734
STt 1254 —.0670 .0852 —.10%4 —.0477 —.2274 —.0289 —.0819
STst .2016 1273 1118 —.0205 .0730 —.0920 —.0322 .0531
SAp —-.1009 —.1137 —.1514 0380 —.0371 —-.1308 —.1439 —.1092
SAnp —.1119 0194 —.1151 0577 —.0205 .0229 —.0200 —.0196
Df —.0937 —.0336 -.1966 —.0212 —.1052 0134 —.1063 —.0921
Db 1753 —.0919 1477 .0390 —.0774 .0593 —.0653 .0267
DS 0223 -.1161 —.0650 .0498 —.0970 .0607 .0225 —.0141
B 073 —.2291 —.0131 —.1324 —.0819 .1188 —.1870 —.0672
PAc 1434 —.0256 —.0017 .1685 .0762 .1093 .0756 1157
PAw 0507 .0496 .0167 .0463 0175 .0845 1611 .0796
PAs .1562 .0085 .0083 .1657 0747 1308 .1362 .1368

*p<0.05

Edu ; Education Dri ; Drinking of alcohol Dur ; Duration of employment Smo ; Smoking Time : Testing time
Pt : POMS tension Pd : depression Pa ; angry Pv . vigor
STm ; Simple Reaction Time(SRT) Mean STsd ; SD STft : fastest time STst ; slowest time
SAp : Santa Ana preferred hand SAnp ; Santa Ana non-preferred hand
Df ; Digit span forward Db ; Digit spanbackward DS : Digit Symbol B ; Benton visual retention
PAc ; Pursuit aiming correct dot P Aw ; wrong dot PAs : sum of dot

Fa ; Fatigue Slp : Sleep Memo ; Memory & Attention disturbance

Pfa : fatigue Pc;confusion Pfr ; friendliness

EL ; Emotional Lability & irritability PSx : Physical symptom PN : Peripheral neuropathy

CN : Central neuropathy
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— Abstract —

Neurobehavioral Effects of
Chronic Exposure to Organic
Solvents among Dock Yard Painters

Cho, Young Sook*

A cross sectional study was performed to evaluate
the chronic effects on central nerve system(CNS)
of cumulative exposure of complex organic solvents,
using neurobehavioral test. Subjects were 66 (male)
dock yard painters of some large ship industry which
is located in Ulsan.

The neurobehavioral test battery used in this
study was NCTB (Neurobehavioral Core Test Bat-
tery recommended by WHO(World Health
Organization), which consisted of 7 items-Profile of
mood states(POMS), Simple reaction time, Santa
Ana dexterity test, Digit span, Digit symbol, Benton

visual retention test and Pursuit aiming.

* Department of Environmental Health School of Public
Health Seoul National University

Abed taetsl A Al6d (1997)

The subjects were classified by 3 groups accord-
ing to duration of employment(group 1 : less than 9
years, group 2 : 10— 14 years, group 3 : more than 15
years). The results of performance were analyzed
considering of work duration, age, educational level,
alcohol drinking, smoking and testing time as
confounding factors.

Benton visual retention test, pursuit aiming cor-
rect dot and sum of dot showed significant
differences among the groups, and decreased with
increasing work duration. It indicated that the mean
scores of performance ability were lowering accord-
ing to work duration. Besides, the tests that didn't
show statistical significances but showed linear
trends were depression- dejection, vigor, fatigue of
POMS, slowest time of simple reaction time and
digit span forward.

Most of the neurobehavioral test items were
correlated with age and educational level. After
controlling of confounding factors-age and edu-
cational level, the results followed ; digit span back-
ward was different significantly. Tension-anxiety,
depression-dejection, anger-hostility of POMS, SD
and slowest time of simple reaction time, Santa Ana
dexterity test non-preferred hand, digit span for-
ward, Benton visual retention test and pursuit
aiming correct dot decreased with increasing of
work duration.

The correlation analysis was done in order to find
out the relationship between subjective symptom
and the scores of neurobehavioral core test battery.
According to the results of analysis there were no
items that had statistical significant relationship
(p<0.05).

Key words : Neurobehavioral Core Test Battery, Com-
plex Organic Solvents, Central Nerve Sys-
tem, Dock Yard Painters





