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739~ N-methyl-D-aspartic acid (NMDA) <&£A 7]5°] oA, ©AH
T +

2 Fo] Bt A9l 584 2he] 220l gltamates] 3]
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2
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= A0 €A %_‘CHLPU%, WS4 AMAE o Bo] AASHA FHol IS e
% A THDodd et al, 2000: Bowen et al., 2006).
o] &3l %ﬂ%xﬂ-‘ﬂ EXO R Qsle FASE IFLe f7|&Add =&EF

A AR ES, B, S, S A AE 59 Sl dEhda, )
T BT FEY fUIEAC =EHY YAe B3, AUS doAY AYE
T SAtH(Sainio MA Sr., 2015). ZL2jv}t ol8dk w4 FF ol AA 5ol
F DA, ol fF71EA ARG kA FACE 4175t WEtE
J o 717] Wi Fo] AAFA ol WelA ¥=tH(Harry et al, 2001). 18
g2 AA=EAo)#}ge vk EA M= (chronic toxic encephalopathy, CTE) &
FFALE Ho JF YEe AS TakH, ol 2#: 7|7 Fe Akl
%ﬂ%xﬂ o &5 ‘/PE‘r‘é 4 At (Keski-Santti et al., 2010: van Valen et

. 2012). 19609t = HT=9] Helena Hanninenol <JalA o]&sleth =&

Oﬂ o]gk Atgl 7} B3 (Hanninen, 1964) ¥ $ A& F718A4 =Zo 93 ¥
o] wAARIGEFY FAEC]l Ul AASIAA, ©l&  “psycho-organic
syndrome”, “organic solvent syndrome” .2 A|QtE Ut =29 o] 59 7)o
A& 1970 el 23 717F FoF /7184l ke $ HAske 4
of tigk 1A HvE glo] eurk ol A THIEAdET
of g I+ A=

T AdtlMRE 4T F de THe dHste A=Y A
el C|27174A vkttt B istil 9lth(van Valen et al, 2012: Sainio
MA Sr., 2015). & fF71&A APHez o 77 =2He AT H5
(encephalopathy) o] AT 4 Jow, olg H7|&Ad o3 WSS
(solvent induced chronic toxic encephalopathy)®Z A<3t3 AtH(Baker et
al., 1985: Edling et al, 1990: Baker, 1994: Mikkelsen, 1997). International
Classification of Diseases (ICD-10)olA = 71 &A1 9t TS Aod

-2l 2} (defined causal agent) (FE: TH2x: organic solvent)Z ¢13F =AY



Z(toxic encephalopathy)(ZE: G92)°.2 %E7|3x YW (WHO, 2007),
Diagnostic and  Statistical Manual for Mental Disorders, Fourth
Edition(DSM-IV)9l| 4= substance-induced persistent dementia (ZFE:
292.82), amnestic (FE=: 292.83), other cognitive disorder (Z=: 2949) 2 X%
7182 T (Ame-rican Psychiatric Association, 1994).

Fr71 Al ot TAFAETY AFEE FTFe] B 1T v 5ol
AA A o] F74, At S, AAA S, AXHdE Sl 2= 9
TH(Kaukiainen et al., 2004: Keski-Santti et al, 2009: Sainio MA Sr., 2015).
olg e H AT F UM RMFE vE F Ao, due 719y &4
AA 7leE7dol Ue ®WFoIH, UAAVISY &4 FY(attention), HF
(concentration), 54 714 (abstraction), AF3L(thinking), 7% (planning) A
olAto] 91L& & Utk T tE b= HAZF ZH(emotional control) % E7)
(motivation) ¢ &7Fol™, B2 £ (emotional lability), 53 (irritability),
718 Zra(reduced initiative and energy) & & & UTHSainio MA Sr.,

2
2015). I o]y 3 Z=AE A7} H]Eo|Fo]7] W] T3 Z=AS e

AA 7 FA 42 B A A 252 Bl sk B M
A A = = F dem o8 IHdlor It Bisty lth(Kaukiainen

et al, 2004; Furu et al, 2012).

ok ZFo] W ‘:”zoﬂ*i ““é =59l

o,
X
o\
i
ro, Mu
>
)2
2L
o\ Rd
O.>I
— ;g
2 N
he 2

-

B 3

AeFa At & A7 oﬂr% 4 F 71999 4% JFY ofHze
AEAEZo] ERoZ HIET AtH(Juntunen, 1978: Edling et al, 1990:
Kaukiainenet al, 2009a: Kaukiainen et al, 2009b). THAEA ==& 711 22
Aol e AdARZATE HbE sjEH 7198, 538 A 7198 (working

memory), o< (learning), T3 (attention), Al&7H(visuospatial) 71%, A3



F2 (abstract reasoning), JHE A2 4% (speed of information processing) i 4]
Ago] Bty H st At Morrow et al,, 1992: van Hout et al., 2006:
Bast-Pettersen,2009: van Valen et al., 2012).

AsEsE o 717 TS F718A =EEo WA st AR,
A g3 AAs] A str] wFol A=
1YL, olH3 o|f “ﬂPrC’ﬂ AAH O R Q1A H7] oo, del vro}
A @Ak ey HE A d TS B2 UeEelA J
o7 wholg oy, 19909FH FHAAME A9H =
20090958 AT AgH  EEx: ZFEHJATH(Triebig and
Hallermann, 2001: Sainio MA Sr., 2015).
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FHolM= AFHez Hsts HASANSA di&] o
3tod AR5 £-S W (Juntunen, 1978) 1985 9l= WHO<}
u

S F718AE s 2T F Je TSAHTY AV ES ERE IR
s

[S—
<)

ﬂ

()

i

i)

-z

v}

ox

SFATHWHO, 1985). ®E3k nj= A7 ETto]ye] Raleighdl A= #7184 2
AM7A8 584 gkl st Yafol MEEH F7IEAR Qs AP EAHZ9
A71ZF BEHE dxsgsr, o] YafoysE WHOY % = class [[E

e
T 7HAEFESI st AR 71 ol HEE = type 2A9 Q1A
7159 E4e YeEle type 2BE FEste]  WESItH(Baker and
Seppalainen, 1986:Cranmer and Goldberg, 1986) (3&II-2).
olg gt fH718AS WA =Fo g AASAHSTE AAEAVF
(WHO)lM &=  138(Type DI 7183 HF  FSFF(organic  affective
syndrome), 2% (Type 1) A A

Z  "ASAYS(mild chronic  toxic
encephalopathy), 3% (Type 1) ZF% THI5A3 S (severe chronic toxic



encephalopathy) @] Al 7HA] o2 EF{FSIL Atk T3k A4 57184 9=
(International Solvent Workshop, ISW)ol| A&
A WEAHSES F 7}742 TE5td 713

1, 38 2A, 3 2B, 3 32
2 F v /A fF¥eE EFsY Itk WHO ¥/ & 71834 A% S35+
(organic affective syndrom) WHO type [ $&(depression), =<9H4

o)
(irritability), F#4, 44 5o st v A ?'5}(1055 of interest in daily

activities) & /4ol LM = F F¢ AFHH, FrS5S HE 3L 7HY
—{sl_

A ZAfoln, olfs TAto] WAt HEIAR A A EEA UA
o= 7Sty AZE WA =AY = (mild chronic toxic encephalopathy)¢l WHO

type I 7184 A¥

gell, 71999 2

g a7t FFoA FAE o
=A

]
J ¥ = (severe chronic toxic encephalopathy)<?l WHO

o B 2ol AsAH, TR, AW, A

O:

JALFNS(EE, F9, 27) Ak @]

’

A} ASHE Aol o] AE Mg

_l

type = 7HE A% A5=, ARG 4440 715 2del A%l A=

Ame] AF A% Aol U, -%oﬂ Ap.9) w Wae ol e,

ox, 9
)
e
o
N
A
O,
A
Mo
i
)
ofr
1o,
<2
A
o,
i

o rir JH

32

i

2
)
o
o
=
Q
c
=
<
5

(fatigability), 71998 A 3Hmemory impairment), %3]
concentration), 2|74 (loss of initiative) &< H]Eo]&<l =

B 75 ol T ARAYA FAE sleH, ES T 794
2 3FHE 7A5olth Type 2A& "A&H 1749 wWstel 71& W7t e
(sustained personality or mood change)” JEjol™, 3] Z(fatigue), A4 &



% (emotional lability), %%2% (impulse control), ARFA Sl 7]&, <L (general
mood and motivation) # #HHH A AL A&H2Q WSH(change in
personality) 7} 9= 73-%-°]t}.

Type 2B+ A3 7159 €2 (impairment in intellectual function)”o] A&

121715 A7 e A$E F538H7] o]+ (difficulty in concentration), 7]

o

T
g &4 (impairment of memory), StEed A fﬂ(decrease in learning

capacity) 7b o™, A#F HALNA FHo] He Fgolth EF o] Aee
73m & Q%QLXJ%%LO] Ae T Uem, o Lﬁloﬂ/\i 359 oAf= B
Sl o)tk Type 32 "Xl (dementia) "] ©AlolH, Aukz el x5 2 7]}
A dAe A OP(deterloratlon in intellect and memory) 7} 93, A7AE7 =3
U AAARA GG Aol 3 UBhE gtk o] HAlE kE S FA
FH dRbH o E X2 HA| gfot 3 &EHI|7F = HZFF A gl ot
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2) A7 &) %7 AHneurobehavioral test)

H 3} (functional
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(chronic toxic encephalopathy) A% 7]-24] o

AR BA
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AF A A

s, 1992).
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\HH(H 83, 1991:

Aol e A Foixl Azh dojol

Axtel AT BE, A} ol%e]
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Aue @3 3,

T
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thH(Lezak, 1995). $-#uvete] =Y



Hoj APBAYggGHA dhdHor ol&F F Ade Are HHEAY
WHO-Neurobehavioral Core Test Battery(WHO-NCTB) &t  FAFE W2 9
Korean Computerized Neurobehavioral Tests (KCNT)(Sakong et al, 2007)°]
AT},

WHO Neurobehavioral Core Test Battery(WHONCTB)=Symbol Digit,
Digit Span, Benton Visual Retention Test, Santa Ana Dexterity Test, Simple
Reaction Time, Pursuit Aimingll % Profile of Mood States(POMS) ] 77} €]
27 A H(subtest) 2 =] Atk Folst A, AAE olgste] A o HA
A& Tt AAE o] FolAER R LAt vl sHE HAATE F
e AAA o AR A A (examiner #4727 A& $H425bias) ©] Y2
Atk AAYF715 Astle Fo7F d8gH 53] Pursuit Aiming®]
5 AP ARG FHol MY AFER AR MY FAE7] A
WFEA] FUsE Abdo]l MRS aljoF gk Fr]Fell o<5sA|
3¢ ABAE7sY At X HrhE g USBE FUL %33}5} Digit
Span3} Benton Visual Retention Test= ZAAMAIS} A7 e thsE F3to
AAZE o] FolABE 243 AAL FZto]l Bty BE AFANE e
oF INZF 7hgol 28 = ol 3 o HATs AL 5 Qo] o2 A
He AANE A5 AlZke]l Bol A8 EHE @Rl Utk HFE AN -sHAL
(Korean Computerized Neurobehavioral Tests) = 7H¢1-& AFE 9 A AF =
AME ZEIF 0] AAMAE thilsted AAbet AAle ok &3ES Simple
Reaction Time(%<=%H3-A17}), Choice Reaction Time(A®%¥F-3-A17F), Colour
Word (MZ2F &A17]), Digit Classification(5=AH+5), Additions(5=AH 817
Symbol Digit(¥3552F &A17]), Digit Span(forward, backward) (s=sF, &
& 52242]%-7]), Finger Tapping Speed(£7te FEg7) 2 +4 ATt &
AAAZE 5-108 9] 2EZAE FA AAE 5 do] 2EA Jaa7iiddely
Qg7 ol gtz el A Abgstr] e st
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® Conner Continuous Performance Test, using Adult Neurological

Norm
@ Wisconsin Card Sorting Test

4) 21738+= 7 AHneurologic examination)

<EI-3> J|=HQ MFUX A

Mental status

Orientation (person, place, time)

Concentration (immediate recall. “serial sevens”)
Short-term memory (recall of three items at 15 minutes)
Remote memory

Affect (does the patient appear depressed?)

Cranial nerves

[ : olfactory (cloves, coffee, or other common odors)

I : visual acuity, visual fields (to confrontation), fundoscopic examination
I, IV, VI: Extraocular movements, pupillary responses

V: facial sensation, strength of muscles of mastication

VI : strength of facial muscles

VIl : hearing to whispered word; tuning fork evaluation (e.g., Rinnes’s and
Weber's tests with 256-Hz tuning fork)

IX, X: palatal movement

XI : sternocleidomastoid and trapezius muscle strength

XII : tongue strength; any atrophy of tongue; protrusion and lateral




24+ HEE NFYSHN BYY 47

movement
Motor
Tone and muscle bulk

Manual strength testing graded using modified Medical Research Council
(MRC)

scale (0 : no movement ; 1 : flicker of movement : 2 : moves with gravity
eliminated ; 3 : overcomes gravity : 4 : some

resistance, but not normal [4-, 4+ added when appropriate] : 5 : normal)
Reflexes
Muscle stretch reflexes of ankles, knees, brachioradialis, biceps, triceps:

these reflexes are rated 0 to 4 (0 : absent ;
1 : diminished : 2 : normal : 3 : hyperactive : 4 : clonus). Of the
cutaneous reflexes, the response to plantar stimulation is

the most important.
Sensation
Touch (light touch with finger or cotton wisp)

Pain (pin prick)

Temperature

Position

Vibration (128-Hz tuning fork)

Cortical sensation (i.e., double simultaneous stimulation, two-point

discrimination, graphesthesia)
Cerebellar, station, and coordination
Finger-to-nose and heel-to-shin testing

Rapid alternating movements (i.e., finger tapping, opening-closing hand,
pronation-supination, heel tapping)

Romberg test (stability standing with eyes closed)

Normal gait and tandem gait

5) 4173 A8 2] 7 A} (neurophysiological tests)

Eo] FFARA 71 Watel Wi UEsh ¥



2 ARG Yo AEole ATEe Jsoldel Thsde 9T
of Folof gt HIHAHEEG) = &2 o571l dAjstr] #Hed &
Aol oyt gErp w2 #oltt ¥ 92 A brain evoked potentials,
BEP)= €xtehe] oatigel Aozt d& W & AHEE o vk 59

A
B2 S8 A Hsensory EP)E AAEAER Z29 9% & AT 4

AT B3 = A (Otto, 1986).

6) 417947t

-

CTY MRIE °l 43t Wste %7k & 913, PET# SPECT §& 7154
Gt o] & Atk S AARAEIIT Astrt AA, FFHA A
Bo R Yets 7
SEAE o1} §ale =Ae] T2 AdI PEADS 98 AL
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2l AALS] el Foixl Adgtat oAt Sl whet 24 Eojof
M 5 AA ool AMHALE S HAE &S Al B2 JERE F
T A, 23 Aol slojob strh(Lezak,1995). 19600 FHHE 1980
Ao 297k oF 601 7HA1 ¢S] 77 vE A AAREC] 500 2 el A
o, T SEAEY AdRAE SE AREEHAT
(Johnson®} Anger,1983). 1980t Z-ukol] o]Z 8 1857 2] whH A} Ao A}
9 72 AAPEAAEE ] E=77) 250700 2etel wEb(Anger, 1990) #
st AApdgel #et AT FreHAl =AUt AA7RA AR ARS-E o

3

EE e ol AW s A= v 22 FR7F ok

ro MN ofo

(1) WA AR EAA

7}) Halstead-Reitan Battery
121748 AR gEo2 FA4E wEHIAEA dF HAAVE AAFA AEHAL
o Agsitt dA L viHe AAE AHAA HEHOE o] &3] = HEH Al
Zko]l @ol T Holt}
1) Helsinki Neurobehavioral Test Battery
Hanninen(1985) o ¢Jal 7i&d vielg| 24 7hQ1e] AA R 575= H7Hst7]
flste] AMGHTH .
t}) Pittsburgh Occupational Exposures Battery (POET)
A7 =4 e uE AAlR 287 907 AE wiE et WAIS-R,
Wechsler Memory Scale, 84 (learning). 719 (memory), A1ZH2 Z7Fx) 7t
(visuospatial), A1ZFe-%(visuomotor) ZAAFEE FAEH o] 2l

2}) WHO Neurobehavioral Core Test Battery(NCTB)



30-... HFEH AFYSHA BY A7

7P HA x1F73tE A7 FAA siE gl 1983 WHO$H NIOSH+ &
2248 AZA Fofe] Hrtel ARV FAAE AHET Aol de A= AT
AHEE A7 Iws 7SS Y. I# =9 Hanninenol 93 FE¥ o] 1§
£ Symbol Digit, Digit Span, Benton visual memory test, Santa Ana
dexterity test, Simple Reaction Time, Pursuit Aiming % Profile of Mood
States®] 7719 A7AF E Neurobehavioral Core Test BatteryE A3t th
(Santa Ana ¢} Simple Reaction Time ¢ tFE AAF= A &Aool AL). POMS
= ZAre] 4 BAIRE F3HA w7 o] Apolo] Jeks Beol we JoE o4
HRoU ABFG 2VNSHLEAM AXZANTE 7= FL2A Wil wiE
of Z3H= ATk

A A AAHCE 7P @ol AHEEE WA AW EHA e EA
Sy A= olHE S (olAE, 1990: olMEH o]5dh 1991 : oJAE F,
1995)¢l olaf Hy¥ & B AFA=e] A& g ut

1999 29dl o] AEEF oA
SHA I Zel] HE A 4la
130%: k= 139 ZWE 119: Holxezt 39: v
EWE AA ¥ NCTBO Ay 3 yejsfor & 2¢a Qo8 th=3 2ot
. NCTB= 129 oo uf7|7ks 7HA= AQIthdAtl A 246 =
T Utk 8-104] Atole] At = B0l tha sk 8 mnke] T
BAAME BAES dA] dEe AR YEET & W AEFES
W T

4 ARl A BE ol AstE AL
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S7 et a8 olF AR Tz grid PRet PREEE
7 F7jvieke] oA w7

T oE tAe o8AS T2 93 ASFEY gdAEelA AAEH S
BEstA AAlet7]7F AA ke Aot

NCTB® A&dH<= /M7l 918 wte =2 dolza]7ke] Nell 5(1999)2
Computerized Performance Probe Test BatteryS 7§23}l NCTBSF A Ab
237 o =39 Liang 52 #HFH 24P F7HA Neurobehavioral
Evaluation System(NES)oll HlES & NES Chinese versionolA S99 A
Aol Bt £8 e AREEte] A el SA e o] &t Aok E Syt
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A% =56 44 A
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BO11 . .
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Abstract

A Research on Utilization of Korean Computerized Neurobehavioral
Test in Workers’ Health Check.

Objectives: It is essential to detect abnormalities in the central nervous
system caused by organic solvents as symptoms are non-specific and can
lead to irreversible and permanent disorders. Currently, it is essential to
detect them early under the Workers' Health Check system. In the first test,
examinees with symptoms are suggested to undergo a computer
neurobehavioral test or a clinical psychological test as a second test, but
currently it is rarely performed. This may have passive attitude of the
working-level staff due to the lack of standardized methods. Therefore, this
study was conducted to suggest a method to prevent central nervous system
disorders of workers and to activate computer neurobehavioral tests in the

Workers' Health Check for early detection of workers with symptoms.

Methods: According to the work experience of workers exposed to nervous
system harmful factors and the results of the questionnaire, a screening plan
for the subjects of the neurological behavior test was presented at the first
test. As a result of performing cut-off in the lower 30% of the results of the
first test, about 10% of the examinees were considered urinary observers, and

the second test was performed.
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Results: For these, 6 items of neurobehavioral test were selected and the
second test was performed. Out of 240 screening subjects, 23 (9.8%) showed
Cl, and 2(0.8%) showed DI1. Examiner’s manual for test personnel who will
perform neurobehavioral tests and standardized decision guidelines for doctors
are presented.

Based on the above results, guidelines for the subjects of the
neurobehavioral test and judgment guidelines were presented, and the

direction of the follow-up research project to improve the practical guidelines.

Conclusions: The possibility of a neurological screening test was confirmed
when the neurobehavioral test was first performed in the Workers Health
Check for individuals who have experience or need management for more
than 10 years among workers exposed to nervous system harmful factors.

As a result of applying the neurobehavioral test, which was rarely
conducted as a secondary test, 1% of the patients were found to have a

level equivalent to DI.

Key words: KCNT, Neurobehavioral test, Neurotoxic agent
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Sk ololRIn] e B B2 A A WASHE ol

A AEO] B4R ZEASH GG, YASHE Wt 52 HAGA Bl E Y
Etd 4 ok 4Aw9] E8iAdASHFriedreich’s ataxia)if &F91, 2, ofFHolujt
w3o] Ame el 2E5Azel AMS Qatsitt AZUIE, vlEbgl Bl2 AW, o}
B “det (posterior columns )l A LFEfL = AHpgH
trithocresylphosphate &=o|A % UElJTHTaranova, 1978). ZAAl, @7|E% ) djk
Ao B3 chwd AekE9]  ZAEE SAIY leptophos  FED

dimethylaminopropionnitrile =Z9] 9JsjA = wAYSF &~ 9tk (Kreiss et al., 1980).
ARa AR SUE AN AolE EAT SwH mawel Qasie
substantianigra®l striatum® %o Z85t= UAGIE A, o|&StEr A, WTT
ethyl-4-phenyltetrahydropyridine (MPTP)(Feldman, 1999:; Feldman and Rather,
1999; Spencer et al., 1987. Bleecker, 1988. Feldman, 1992; Wolters et al.,

1989; LeQuesne, 1982) 59| x=%0f QsiAa = GAISH FAits EQITHE 8.4).

B 8.4 AFSY2R o FFAUZ PN AEAITo] Wagh Ag

od/d 7425 (multiple sclerosis) @ o] WA o] 24} QIX]7]5
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-9, Zat @ Aaael Aolg At

QAT AEY A Aof(post traumatic stress disorder) : QIX]7]= X5}
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NBARIHAS Bolgt §, StugA Sg At

ot O 2 &9 G (chronic fatigue syndrome) : S-Ast SAF

Multiple chemical sensitivity : S-A}§t =A)
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dE 334 55 dole AESHEE F20) st FFAGAGNY] A2gye &

o] QA o HEAMQl(supportive) A|27F F2 O] {EH g T2EZFL Yo}

of, A7t o227 BEuEy oy 7Y A FAdo] A" ikl E25 FH6l

of ol F/to] AAE T O] Aol o A7 AlFsHAl 24 & ofof gt} of
7

=
= gt} A% ol(dysphoria, amotivational state)7} Ql= 49 F2AY FH7]s
A2ZAS AFES 2 Qicy. SR JANS AEFY A Aof(post traumatic stress
disorder)g 7M1t FAIX 8} FEMAE HaFolA AMES & Qo Ado] ZHst
Al £ B9 Follg 711 gAtoAl= MR 58S Haldste Ao vraAlsi.

2 Fol o] Tt SRR E AR
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