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Neurobehavioral Effects of Low Level Lead-exposed Workers at
CRT(Cathode Ray Tube) Manufacturing Factory

Jong Young Lee, Chae Yong Lee, Ji Suk Kim*, Sang Jae Lee®’,
Wan Seoup Park®™’, Kuck Hyeun Woo***

" Department of preventive medicine, School of medicine, Kyungpook National University,
Occupational nurse at Kumi®, Orion Electric Company”®,

Department of preventive medicine and public health, College of medicine,
Soonchunhyang University**"

To assess neurobehavioral effects of 48 low level lead-exposed workers in CRT manufac-
turing factory, simple and choice reaction time test with NTOS(Neurobehavioral Tests for
Occupational Screening), digit symbol and digit span with K-WAIS(Korean Wechsler
Adult Intelligence Scale), and SCL-90-R(Symptom Check List 90 revised) was examined.
These screening test battery reflect 3 psychological domain; psychomotor, short term
memory, and symptom.

Average blood lead level was 17.7 re/dl and mean exposure duration was 5.6 years.
Nobody exceeded blood lead level over 40 m/d!, the guideline. We divided workers to two
group, short-term exposed group(< 5 years) and long-term exposed group( 5 years) for
analysis, ANCOVA model of simple reaction time, hostility, phobic anxiety, somatization
were statistically significant and coefficient of independent variable of exposure duration
was also significant. MANCOVA model of SCL-90-R was significant, too.

The results of this study were consistent with previous study: symptoms were early
neurobehavioral effects of low level lead exposure. And this study showed that current
blood lead level as independent variable was able to mask the early neurobehavioral
effects,
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A B

e Aok 6000 A% 2R ghtim e,
g AR3EA BAE g2 AE oA iR
oA 717 Wel zolm Auti @i (Bakerst
Schottenfeld, 1995). &y A} doz g A
A=Ae] PFe 20471 2t ARG AAF
Ate WA g2, 84 FE2 2248
A 71 gol Hade AAYH 218 92, AE
A FYFE sa7she AAlY YPBTF T T
o2 el 307349 71ersteit. of 34
g2 mFstg A7A4213 A neuropsychological
testing) ©] ©14 (abnormality) 3% A3@4-& Ho
F3 vt BcH{Bakers}t Schottenfeld, 1995).

)=o) A% goll A% A7 =de] Hrlel] A3
FHAAZE el HExo] fon, W] AAYELH
e g A7se FAgd. 19783 old= &
P HolmFlelr AAE, dol 875 (per-
missible exposure level)ol&tZ HR2E 2}
2ol AZPEr 5 it iR gty AdTE
o] Fo] f&g 9gg Raustac(Maizlish F,
1995}, olol mz} Zdelle W E% 5 (chronic
lead intoxication)®l % 2](definition)7t &3
3 gled, B3 10od A sz hdsictn Azt
HAY F2 FEAME do 2§ 54 o] &
4 At Ao Fiks 3 glr] WFelch

o] A %4 (subclinical toxicity)°lgt W32
dH oz gt ot AU} gl vimE ¥
£ i Z2oMn d7tel] Vi &l glE £
ke Aoln, oA HUF HALE Ful 43
F 2 FAA¥E(subclinical counterpart) & ¢
dHeog JGuig mye} 549 A54Y (spec-
trum)Ad dZgdes Aot} (Landrigan,
1994). AAYFHH Q5L durdez, ¢ o
AESE 4ol flvtn AadHY Z2 8% A
2 FEsitte HAAE AASe REUoH
(Anger®} Johnson, 1992), wetd @e] #A =
Ad (subclinical toxicity) 7P o A738%3H
dge] Hrihe F8F AE AR AL &
7 Sl& Holrl,

HER TEAES dden § AAYEHH o

TE2] Ayt HE Y A vdee AL of
AR el gk AAYPFEH Q%S 2A 719
(memory), B41E%71% (psychomotor func-
tion), A7 (Neurasthenia), 417% Neuro-
pathy) 2.2 A E-dt}(Gochfeld %, 1992).

FUoMx HZ AZAFEAD] Hrto AHYFEE
ETES Bol AxsiAlY, F2 f7iEA E=2
S2EAES ddes § Aoldx, dE= I22AE
& ez § dFe RIS 5019959 477}
JE Wolok. ez f2] uelMz B A
A5 BARA A94A ol 20l e de
AP 548 Fol FHAHA Holks 2 ¥
87} & Aew g}

o] Aol Abshde] AY{AFEI} AT
A g Z2HEL W, § B Azxd
Aol g 9] BAoA dIte SRAES dde
2 gE22 A% ARYEEA FFE Hopske A
& o= 9.

geol AAREEH Jas Hroksle UiFEe o
3o dTES ZRAERAN AT 8F 3%
=E 71F2= 3ot (Lindgren &, 1996). B2
AFoMe AAAETEE AT 2 ARRA
3 d¥Eg 249, U494 A ¥ 29 IAE
ABRFEE 7159 AolE s HE ¢ 3o
2 AFH3H(Hanninen %, 1978; Parkinson
E, 1986). 2y} Balbus-Kornfeld 5 (1995) &
2199 47ENE HEH ¥ A ¥E F& FE=
T Fr el A ¥4 E=Z (cumulative
exposure) 7t 4%1e] AAAFHAL o] APRE
Jeg vk 2L Jerle A7 B
3 skt

o] AFMe WF Wt B2 40 wg/dl)
SEASS dAes gER IS oE By
& M ESI e V3FYFE g vEo] 94
A A% Vel e 2 AHo) digh =] e
HATE A =sigoh

oI AL B Y
z349) 98 % Il 2%
O

=
o2 St o] IR dEiMe &
A3F), Ashd 4, okd, WA, IYES cfiz)



AA/AEEE FP8n ARed, o F 715 ¢
¥ert 24 Gepen & §¢ A3E 23 UK
o o] FAl FAIRE REAA 8F drEe 83
Zinc Protoporphyrin(e}3t ZPP) =& Z7338t5
ok A 71EE Fadto, AW FEHAL LAA
o] wapgoA didAEge] @ FAe 2Rde
7 ojde] i, #718A, AF F2EARE A
o},
ARG EANE EFAAR F Uz 43 &
gsle], de] AWEH EZ24FE Ta2e 94t 19
2} FEAF 1900 &) 493t HAHASG AARYF
HAAE A dgoA F2 2 3 55, F4, ¥
2, iR o%, Ady $£AAzR, 8 585
9l FEF FAWEHE Al AW 1y
o, Bk, 8%, TR R 24, A74FE A%
= AZYFRAA ] JEE A Aoz geliA gl
=dl, HAAE nEstes A B 2no] ALy
2tk ARFIFA T2 59%8F ¥F FEEs)
40 we/dls ZFIE AMEE gldlen, 483 (84.2
%) ol AAPFAAR FrsiAe. &5 T2 33
ol vl AleER fEMen, §92 #e
2} 6714 wlgte] Ay, Holx 671Y o) {FAF A
TER FAAh

AAYFEA m7e Agdpelr] GE2e 24
AE Jvehd HALE FoliM AFetlen, = &
2] vetelld A= AAY 28 AYE AR AE
2 AR5t Maizlish $(1995) 2] Biefa] 3
g -8l o5, ZHH (mood), TErESAIRMH
Aejut-g-AlZ (simple and choice reaction
time), ©71719] (short-term memory), AAEE
{(perceptual speed), AlZ-$A Y= (eye-hand
coordination), &%t F&/(spatial reasoning)©l
t}, ©]% Wechsler Adult Intelligence Scale-
R(°]3t WAIS-R)& %38 Uty EEHS
Korean-Wechsler Adult Intelligence Scale(}
st K-WAIS) ol (A=l ek, 1992) =& 9%
71 (digit span)$t wiH227] (digit symbol) & A=
atgom, o] F(1996) < <&l MEd AFEHE
o} &3 A% 71% AAR! Neurobehavioral
Tests for Occupational Screening (13 NTOS)
oA Sut-2-AlZt simple reaction time) 3 A€
vk2-A] 7t (choice reaction time)& A=Hsisew,

J2|3 POMS(profile of mood scale) 9} 8]
71 (mood) & FAE & e HAoz ARHY
(Fiedler &, 1995), 19774 °ldl® HIY ¥
(1978), 929 (1978), AAY F(1984) o 2l ¢
2] Jejella 3 23S A Symptom Check
List-80-R (=13} SCL-90-R)& 3he] A} tein|
{test battery) 2 33 st5irh

NTOSE 586" AFEAA 1494 Hz ZuE
oA AAERATE 22t 215-7] (digit span) &t Bl
271 {digit symbol) & K-WAISY] 4|87 u}
g dalstgen, sdx K-WAISe X34 o}
2t UAs{raw score) 2o FNYFE o) L1
Atk SCL-90-Rx= 8 Udelx EESE Uz
A8} what dAlshgith AAle) Ay ¢AE
7F¢ 9A SCL-90-RE& €=B3tn, oAte] ¥ye
A NTOSE A% ¥ K-WAISE dAlsksr).

A2l ¥4 SAS R 6.112 AAlsigen, &
7 olEo] AAYFAA FRE T I8
g A4%e 2R3V Y FEA B
(Analysis of Covariance) & AAstion], ZHA}
of dgdz chiyd FEA ¥4 (Multivariate
Analysis of Covariance} = HAl&tg, FHHE
Agste S o8 ZERIZE AAEHRAA T, o] @
FolM e dei4 (simple analysis) A F&3
v SR A8 (p(0.05) € B W E A
3ld e (Mickey and Greenland, 1989). @71 71
gt AALE7IE F99 AAe TEHUS
el foFt FEYE EY 4%, 28], adIF,
F9E gz AHaAn, A (mood) el
e SYNSTY fo9 BRAAE B A8 o] F
Mgow HFEHUT. Aol FAFo s AR
onz dEd B BEI} P BBRTANA A
sk, ouig TEY EHdA BE AFES
AR FEWFE E AL B S b8 T
Mzt BolA Rye] EFsirnz drlrigy
q, BAEE715949, 3% (mood) FRe] AR
TR 28-S A

¢

S

2 W
1 85 g9k ¢ oy B4

AA PEAF 8F Gt 40 w/dE 23
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 AEE Utk 8F ZPPEEw 451l AAH
e 150 wg/dE 38 ARE-E 19013 A
A EAA A7HE 4879 BT VF EE=ET
17.7 we/diR 2™ ZPPE 36.6 wg/dch. "o 4
He 3AER, FFR FAdA 27 71 BT
b.6'dolTh

2 N DRSS MBSZAF AN

H7AES] NTOS 4H& Table 20, K-WAIS
%€ Table 30 A|+15kAch. FellH BFo] NTOS
£ UENgAZe HERSARS EERRe Az
B AAS ot AuugAe] B9 deo] AR
@ vkl B4k el AN,

K-WAISS 474 E23d 448 78 4 9
e, Eolt 9w A AR d@ B
A5E ANSAT. BEs WS B 0 w2

Table 1, Biologic exposure indices and General

characteristics

Total (n=48)

mean*S.D.
PbB {ug/dl) 17.7% 6.1
ZPP (ug/dl} 36.6+22.9
age (years) 4.2+ 5.7
education (years) 12.3% 1.4
exposure duration (years) 5.6+ 4.1
sleep (hours) 6.4+ 1.9

19(39.6 %)
40(83.3 %)
40(83.3 %)

alcohol drinker (person)
smoker (person)
shift worker (person)

Table 2, Results of NTOS

Total (n=48)
meanxS. D
Simple reaction time (msec)
mean 263.2+21.2
standard deviation 56.3+22.1
Choice reaction time (msec)
mean 480,9+71.0
standard deviation 110.2+36.7
error 2.2 1.8

(digit symbol) & Hd<d 1078 FA vk},
<2 99719 ASE 103 Bo ¥ Ut

o] BAZGAA Y] 7 FAFAE HIAHFE
Table 49} o] AMAlslc), Hutom HA| 87}
AAH R FE (norm) Brle @& 5490

3. =R TE HE ek W Uty E49

oA gite] 5.6d00iA 53 olsket B
29 F Fdo R3] uinE AIE Table
5ell AAletact. 5o wel felgt Aold B
l ¥FeE d¥er, Wyl ERTdMe 3T 32.3
Agey A7l Z2FANMe 36,84 °lg. @7l
Z239] e 2FdFe 2603, Fr] F=2
T2 9.8d010nt, 1 9 AARFHAG FA gl
ALEL & Aol7t gIiTh

Table 3. Resnlts of K-WAIS

Total (n=48)
mean:+3. D

Digit symbol
raw score 61.1+11.7
standardized score 10.9x 2.0

Digit span
forward 8.3+ 3.0
backward 5.6x 2.1
total 13.9+ 4.4
standardized score 9.6 2.3
Table 4, Results of SCL-90-R

Total (n=47)
mean®S, D
somatization 0,660, 48
obsessive-compulsive 0.92x0.57
interpersonal sensitivity 0.67x0.51
depression 0,58+0.49
anxiety 0.57£0.55
hostility 0.45+0.48
phobic anxiety 0.20+0. 29
paranoid 0.49+0.40
psychoticism 0.35+0.36
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73 (mood) ¥ He 4HL A3 (somatiza-
tion), Huizk(hostility), FX E<t(phobic anxi-
ety) AHlellx ] Zaae P7t @7 L2ar

Table 6] UehdSo], NTOSY K-WAIS9] & FostA & 234E e =8 3AE
AEE7% AN @riZ193A ARe, SRdFE 71E A @ro1e AAAE ] E2ye 43
J M 5 Age] deuwos FAHLE ft o] © & T #7 JeEiA (Table 7).

A7s VeElAl gstel 22d Av] Eree A

4, HER2 22Tl I AFUSHA datg
chen |1

St 2442 A3
o] @) ZzFe R FAalEwke dA 9% 5 ST E42 At
g AL el JUSiT. $E2 A 29ds 5 1EeR 4 Fe

Table 5, Comparison of biologic exposure indices and other related variables according to exposure duration

< 5 years(n=28)

> 5 years{n=20)

mean+S. D mean+38.D
exposure duration (year)" 2.6+ 1.6 9.8+ 2.7
age (years)® 32.3% 6.4 36.8%+ 3.5
PbB (ue/dl) 16,9+ 5.5 18.7: 6.9
ZPP (ug/dl) 34.5x12.7 39.5+32.3
education (year) 12.4+ 1.4 12,1+ 1.4
sleep (hours) 6.6+ 1.9 6.1 1.9
alechol drinker (person) 12(42.9 %) 7 (35 %)
smoker (person) 23(82.1 %) 17 (85 %)
shift worker {person) 21(75 %) 19 (95 %)

*:p(0.01

Table 6, Comparison of psychomotor tests and short-term memory test according to exposure year

< 5 years(n=28) > 5 years{n=20)
mean*S.D meantS.D
Simple reaction time {msec) (msec)
' mean 259,4+22.5 268.6+18.6
standard deviation 56, 7+24.5 55.7+18.9
- Choice reaction time {msec) {(msec)
mean 471.2+68.4 494, 4+74.1
standard deviation 106.5+31.7 115.4+43.1
error 2.2+ 1.8 2.2+ 1.9
Digit symbol
raw score 61.34+13.0 57.4x 1.5
standardized score 11.0+ 2.1 10.2+ 1.3
Digit span
forward 8.6x 3.2 8.0+ 2.7
backward 59+ 2.3 53+ 1.8
total 14.44+ 4.7 13.3+ 4.0
standardized score 9.9% 2.4 9.4+ 2.1
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o TR, Z 440 A4 e e v
Bl W2 2% FEAY BAF o FEAE
28 AAE AIAE ofel Table 8 AASHACH

w7719 AAhG BALF7E HAMES 249
=guiae 25357 A9 F948 1Bl 3o
9 W, SCL-90-Re] Atele S5 o
£ Bajold A3 (somatization), HWZ(hos-
tility), 2% ¥<Hphobic anxiety) A Z@#H &
PHy 227 Fol4dS BE ¥ ohlis, ¥
2R Y 2 BAHLE fefadnt

a FH
o] A7 & A Heed AxIAe] dBFUY

Table 7, Results of SCL-80-R according to expo-

sure year
< 5 years(n=2T) ) 5 years(n=20)

mean+S. D mean£S.D
somatization® .5210.40 0.85+0,52
ohsessive-compulsive 0.82+0.63 1.06+0.47
interpersonal sensitivity 0.57%0.50 0.81+0.49
depression G.51:0.48 0.68+0.51
anxiety (.49:40,61 0.69%0.45
hostility® 0.30£0.41 0.66:0.49
phobic anxiety" 0.12+0.24 0.31£0.33
paranoid 0.40+0.41 0.62£0.36
psychoticism 0.31+0.38 0.40+0 34
*ip<g0.05:

Table 8, Results of ANCOVA and MANCOVA of

digit span

digit span Model GrPbyr#
*BIL 5P F(p value) F(p value)
forward 1.79 (0,1362) 0.07 (0.7951)
backward 2.36 (0.0609) 0.08 (0.7803)
total 2.54 (0.0426) 0.10 (0.7526)
standardized score  2.70 (0.0332) 0.06 (0.8038)
Mancova :

Wilk' s lambda F=0. 1032 p=0. 5577
# . GrPbyr : ancova results of grouping variable

according to exposure year adjusted for age, edu-
cation, shift, smoking

Rol 2Rake 22ASE dez Qe 47Us
&5 9 424 ZRAE Aol AE o}

B2 Ak A=A

ARAYFAAN T2, ASNA A7 &
22 g%t 7l5atol7 B AAld e &ats 3
ZFg (mood) & EFH e

2 A8 o]

Table 9, Results of ANCOVA and MANCOVA of
psychomotor tests

Model GrPbyr#
F{p value) F{p value)
digit symbol
raw 2.52 (0.044)  0.62 (0.436)
standardized score 2.69 {0.034} - 0.34 (0.561)
simple reaction time
mean 2.04 (0.093)  4.23 (0.046)
standard deviation  0.72 (0.691) 0,00 (0.948)
choice reaction time
mean 1.27 (0.296)  0.02 (0.884)
standard deviation 0.37 (0.867)  0.09 (0.767)
Mancova :
Wilk's lambda F=1.0447 p0.413
# : GrPbyr : ancova results of grouping variable

according to exposure year adjusted for age, edu-

cation, shift, smoking

Table 10, Results of ANCOVA and MANCOVA

of SCL-90-R

Model GrPbyr #

F(p value) Flp value)
somatization 3.21 {0.050)  6.30 {0.016)
ohsessive-compulsive 1.72 {0.191)  3.11 {0.085)
interpersonal sensitivity  2.44 (0.099)  4.38 (0.042)
depression 1.34 0.272  2.34 (0.133
anxiety 1.26 (0.293)  2.33 (0.135)
hostility 4,26 (0.0200  8.50 (0.006)
phobic anxiety 4,50 (0.017)  8.48 (0.006)
paranoid 2.63 (0.084) 512 (0.029)
psychoticism 0.81 (0.452}  1.34 (0.254)

Mancova :

Wilk's lambda F=2.6820 p=0.017

# : GrPbyr : ancova results of grouping variable

according to exposure year adjusted for age
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SCL-90-R, NTOSY @&wrgAzi Agyh-gAl
74, K-WAIS9] wppiarrlel £zl €978 433
o Hgalgo) o] ETES 25 $8 vl
FEE A A" ASc)old, 9T HAxT
E g olg¥ o] opd £ deleld FEFs
HAAYG A4 s =pET Had A Alxddct
= Yux 7t & 4 g Aok

MARES] FF vl 34.24%e0 JT F=2
71te b.gdolgic). ol ¥F HEekw 3T
17.7 w/disien}, ZPP BX+& 36.6 wg/dlo]ch
AAL ZA 8 ol BA 224 AAe e ¥
ZF YEre AE71FQ 40 w/dE 235 Al
- gigleny, ZPP $Xx7l 150 w/diE Z3ERe AR
E (g%l olAe B JIF dirEede 9A
BHA) e Azl dF v AdAE =¥t
HYRETE Adiz FAEstn AR 33} B A
71F FeEsk #8938 FAUF AHE FHol gleiM 2
22450] deo] A6 dia} Tie] grhe AHIR &
), 222 2ARTe|E § Ay} opdrl FEHch
e ol AFolME BEF e} tF FALE
HASHA] o} Madslr] ojel& W8Y Aol

GE2 RAE] AAYFHAA AFe e E
F348 A A e ddEes AgE ¢ gl
wh, B2ES A oFF AXA B3 AR Al
gl e dE2as o] HAskA Rk 1 F ¥
W & F 3E Aotk

NTOSe] g€ GeubgAlzt Al AgurgA
L AAH27A dg) Aate bzt Fdo]l 263.2
msec?t 480.9 msecch olde] oIUTYES
Hades § o]Fd $(1996)2 7ol velRd A3
o] A3= bzt o] 254.0 msec 9 429.7 msec
R R AT 2RAEY WEAIRle] BE B el
oy, odrlee dHe] Ao, ZRats} ol d 7
dato], o] Ao}, HALZAGY Aolrt XHE o
g Z2Rte o g sl el s el

K-WAISH =3hd <} 9-9-7](digit span) <t
B 27 (digit symbol) HA] zFe] flo ¥lm
7F oJgA, K-WAIS 44 87H (44l gy,
1992) ¢ $-2 uelels mEstd 287t Faot €
= g Aolrh wiarel HWEL 61. 13Uk
=t 2]9719] B ukE 2]97) (forward) 7} 8.3
A, AR 9% (backward)?} 564, °] &

A AA S (total) & HiFo] 13,970, o]
AEe] A AT i EFI A, v
€ 10.9%8°12 =4 9971e 9.63IUT. BES
Hye HT-2 10328 EF A BEE zte
tl, o] AFES IF B HYA 73-108 2
of &3k Aolw] upgxrle Mg FEHAT <
A 2-$7le gaolstee Aolvh, v 2rizt A4l
+%71% (psychomotor function)-& &33t= A
A whE 3 g9vle @7) 7198 £ Ad
& A, gl Holgt Bolep| e Fax)
59 §4E wgse o] oidrt AztEd, &
NG AEe] il AL FERAFSCloIM Hid ¢
71% 878k Aol Avks A& Jehlls dxot
opd7zt F59r}, £ SCL-90-R HAx HA a3
o AAE 4 FAHEY TAALY Fan vn
& o 2% e g JeEpiRed, ARTEA &
FE vehlls @37t obdrt Alzhgc)

o] 22 vl &4 8471, SCL-90-
R A2 EHA 452 gokshd, dddes 713
& 7 sl o3 (abnormal) & EelAle gt}
= glolt}, ol9} tlEe] Az B 5 e AL, ¥
2] vty 2t ARE 71 PAES ol
of viehbe e goltt. vA =A 74 Al
oA Bl e ARFE Jdel ¥ FF(macro-
level) o] ohdz}, AAelA Falgr dgo] sleA] ¢l
BAE wrle vlAF $E (micro-level) o Relr),
agiA AdeAle BEIE ARE v Ay
TS 39S 8 & § Ude el s o
PR vim dyos dAdse, A M
W e £E3} P4 Aapl 7] wiel] I
59 2 Aojrt A9 (masking)d 7FsAde]l &
Aei7| wjgojr

AE7H] 77 AR ¥F dEEE SHNs=E
sted AAEAGE Hriekgle (Lindgren, 1996),
Baker 5(1985)2 ¥%F @¥X® 40 we/d v]greA
€ AAYWEHH G glokn s%x, Maizlish
(1995 = Hl<:3t AnE oot v da)
H3F %X (current blood lead level) v H-9
Z29hE vepdtis o] It ejzloln, I
e} vk g afelyt #A] 54 (subclinical toxici-
ty)ol #4lo] wolAIRA Z2 AE2AM YF dexE
of i3t =olx Ak 7}FA] (Time Weighted
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Average)tt ¥4 ¥F W¥Z(integrated blood
lead concentration) @ &3 x vt ofFl gl
A, 83 Dot 24 %2 40 w/d) TERE
SHASE JIEoR F Yoz FEsK Bln
Alestith A7l E270 5 years) < H 9.8
Y, @7 ZFZF(< 5 years) & H# 2.6 5%
ARog yepger, 9HE F7] 2T 36.84,
] Zzie 32342 EARes §oit ZolE
2ad. 5 o AR 4AE g viag
e} Table 65} Table 741 Weht dedl, AxA
o2 By E2ie 4Hc 7] F2ae 4Hug
AEg A%S BIAT, FAHE folF Aol
ARG gel AN 3} (somatization), HhZk (hostili-
ty), Z% E<H(phobic anxiety)o)sst vhebsich
AR 9L F FUFE BT ez
Fol% atolrt Ve h=RE Polir] g3 FEA
BN ouley gEak BAlg AAjsda

717 1dg o] diside FEAAEY AFelA A
A H(total score) 7t B8 FAE& BFot &
o] whE JATt Aol Helx] ik aEin
AAAQD i FRAFANME FoF AFde v
ERA] gstt), FAEEred gl e, wHRrly
LA} B35 Hy BESvF 2RANEY 2y F
AR felde veERISiey ¢ FRdS) oE &
ol Yehir] gsich GewtgAIzlke] oA F
B RNEY (0,099 T HRAS(p=0.046) =T
o Axel FAF fFoidE vehlle] Aa7A &
el7l o BAdEErIse d 98 YA &
Z2E RAFEAD. 2 (mood) FF el A3}
(somatization), Hui7(hostility), &% #<Hpho-
bic anxiety) el tid|Ax T84 ¥4 23 Sy
7} o] freldt AE non], g FEA A
Bz FAMCR feig ARE VeI

o] ZAxtel]l W3, AA A (mood) ZHgie] o]t
woh= AR e k) B 4 g Aojt) |
of 218 J& F 2% (mood)oll WIF AL g}
FollA AAHE A9t Jeyaratnam 5 (1986) 2
Singapore®] FE2 IRAEANAA B anxi-
ety), 5% (depression), ™A% Fol {(poor concen-
tration}), 4133} (somatic complaints)e] I
o] ®otxl Hustrt}l, Maizlish 5(1995) 9 a3
o] t2%, profile of mood states(®]dt POMS)

o o

2} Hi (hostility) ®F & (depression) 9lA g
Zzgd vEaFe] 4He] IA Aelve Aoz
estty,. POMSe 233-E<t(tension-anxiety)
L A g% de=e, HdZ(hostility) & @)
7 dexs ANrts ¥, a9z &
(depression) & VA 8F ek dWex FHiA
(peak level), AZ7HE HIEAG A 712 AR =
ol S-S B/AE Hole ZeR Yt T
¥ Baker ¥(1985)% Maizlish %(1995)2
POMSY ni&d =72 S3E A3 (mood
change)7t A 3= 9522 7A¢ Ae2ME &
7l A FFed Aolzta AdEch aln®
o] Aol FE&8 do nE FEA A o
MY T8 £49 9@ B, A3 (soma-
tization), 7t (hostility), E<Hanxiety) el =
A Aol YUY AFE0] Hell & Atolve
Aoz BnsiPd AR dastn eem GFE=R
2 710% Reg & ¥ iz Yzdch

LHeo g o] Al A4 B3 J5EE vigos
VA AL del A 3L 3 E shegel
Atte HTo AL WANATE Aoz Yzd
4 S1E Fold, uiidatEel A& b HEFE
< dutzdiom AAWFEE Jio] glon e 40
pg/dioldtelsl, ¥ ARYFTAA B3e 43R
AR EQE Jehix] g Az gdg 5 sloh
o, U didRrEe] AAERE 4R R 2%
W] whet EAEE ge] gubE]l AR 5EH
Edo 2 #aFle 28 (mood) 9 W olyjal, 34
+E71% 999 DewkeAgle] A3t Aelg B
2 Aojtt. o]RAL YA SHeE dgEHAlE
%71 & A 54 (subclinical toxicity) 2.2
A 5 9o, ahebr go 9Add JEke e
W AREME 74 Z23E ugeR Agske
Aol HAEA (subclinical toxicity) & EA e
g o 9% 4 sl A3H (Balbus-Kornfeld
3, 1995) & AAzhe AFdea 8ok, Schwartz
5(1993) o} A7 E F2AR Ui FEX ¥
%3], %2 7|3t (exposure duration)e] 21733
SAA Ao g A SE-0s AAE Ve
A, F& Bg71r A7) el E8718%e] 73
B (cumulative target organ dose)?] 71 £
£ a3 = (best surrogate)7} E2 713Hexpo-
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sure duration)°l2he Rappaport(1991) 2] 3
st #d e Rolgz s oz gew
o] o] ¥ A w2 F2d O a7dA BT
Yire olel FH LTt 12 oA Az X
277t (exposure duration) ol WA= T4HE 7t
A Aoz Hgrdd,

a8es ARE FEE ZEAES A% 3
& 4715k o] Ae thEF} o] 8oF & S A
olct. 78 (mood) T TAIE F4d0] Aex HEER
Qs wlwA zujd] e F e dYoE Y4d
I}, ol Ay ATFESoIME NE v} 3l Aol

g o] Aol WARIEL] ¥F dFEst 4ty
o2 ol oJg 540] gl AoE ARHE 40 we
/dl PEoldld ZFeg B, ¥F dFRE V%
o g AL gl o7 MR FgE ANy st
FAol slthe R& AASRe Aoz A,
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