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Neurobehavioral Changes according to Cumulative
Exposure of Complex Organic Solvents*

Duk Hee LEE', In Geun Park', Jin Ha Kim', Young Hawn Lee', Sung Gye Kang?, Doo Hie Kim®

Department of Preventive Medicine, Kosin College of Mediciné', Industrial Health Research Instituté’,

Department of Preventive Medicine, College of Medicine, Dongguk University’

A cross sectional study was performed to evaluate the neurobehavioral effects of chronic
exposure of complex organic solvents, using NCTB(Neurobehavioral Core Test Battery)
recommended by WHO(World Health Organization). Forty female shoe factory workers and
twenty-two controls matched with age were participated. The tests were performed in the
morning before start of work, to exclude the effects of acute exposure.

Workers were exposed mainly to toluene, methyl ethyl ketone, n-hexane, cyclo-hexane,
dichloroethylene, trichloroethylene, benzene, xylenes etc. The ranges of present solvent exposure
of hygienic effect were 0.46~0.71 in the process using adhesives indirectly, and 1.83~2.39 in the
process using it directly. We reclassified the subjects, according to cumulative exposure.

It showed significantly poorer performances in high exposed group on Santa Ana Dexterity and
Benton Visual Retention, compared with control group. After controlling confounder, the
significances were still remained.

But, further cohort studies, having the information of personal exposure dose from entering a

factory, are required to clarify the effects of chronic exposure of complex organic solvents in
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relation to dose and duration of exposure.

Key words : NCTB, organic solvents, cumulative exposure, neurobehavioral change
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A% 4 #449€ 7T 9E AAY B4 5
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of mood states), F=9]& 7} WheEE 53 93t T
WH2-A| 7 (simple rteaction time), 2} 23 ©7] 7]
g8 7] 4§ 221 <7)(digit span), £E=}e] 7
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Table 1. General characteristics of control and exposure group

Control Low exposure High exposure

Characteristics (n=28) " (n=26) (n=14) P-value*
Age(yrs)
30 ~ 39 4 (14.3) 5 (19.2) 2 (14.3)
40 ~ 49 11 (39.3) 10 (38.5) 5357
50 ~ 59 13 (46.4) 11 (42.3) 7 (50.0)
Mean + SD 482+7.7 47.4%79 492478 NS
Education(yrs)
1~3 3 (11.5) 5 (357 NS
4~ 6 25; ggz; 15 (57.7) 7 (50.0)
7~ 12 15 (53‘5) 8 (30.8) 2 (14.3)
Mean + SD 63431 6.4+2.7 4.6£29 0.042
Employment
duration(yrs) 0.140
Mean+SD - 6.6+2.7 12.8+3.7
(range) (-) (5~13) (8~22)
Current working
process
High exposure -(-) 11 (42.2) 11 (78.6)
Low exposure -(-) 15 (57.8) 3 (214
- Statistical significances were tested by Fischer's exact test or anaysis of variance(ANOVA)
Table 2. Results of neurobehavioral test for control and exposure group
Control Low exposure  High exposure Wilk's lambda®
Test (1=28) (0226) ¥ o) F valuc®® P-value
POMS(score) 0.743 0.109
Tension-Anxiety 6.3+ 54 95+ 6.1 74x 5.1
Depression-Dejection 8.1+ 9.8 105+ 9.7 10.5+ 9.3,
Anger-Hostility 7.8+ 6.7 7.8+ 83 8.1+ 6.6
Vigor 11.2+ 51 16.9x 6.1 12.8+ 4.8
Fatigue 14.1+ 4.8 125+ 52 13.8+ 4.8
Confusion-Bewildering 43+ 45 43+ 43 3.6+ 4.7
Simple reaction time(msec) 0.866 0.054
Mean 294.0+32.0 282.0431.4 315.4136.0
Standard Deviation 55.4+305 50.0+13.5 67.0122.2
Digist span 0.967 0.703
Forward 78+ 23 73+ 24 74+ 29
Backward 40+ 11 40+ 09 37+ 11
Santa ana dexterity 0.795 0.006
Preferred hand 393+ 55 365+ 6.5 325+ 5.0
Nonpreferred hand 37.1% 5.7 348+ 7.7 32.0+ 657
Digit symbol 3741128 3421136 29.2+129 0.601 0.211
Benton visual retention 6.9+ 18 6.7+ 1.9 51+ 157 5222 0.008
Persuit aiming . 0.964 0.663
Correct 153.5437.7 152.7+27.7 143.2+335
Wrong 23.0£14.8 28.8+£19.9 259£195

@ : Wilk's lambda statistics is measured by multivariate analysis of variance(MANOVA)
@@ :F value statistics is measured by analysis of variance(ANOVA)
Multiple comparion is executed by Tukey procedure.
Below signs were presented when they are significant(P < 0.05)
1) control vs low exposure '
2) control vs high exposure
3) low exposure vs high exposure

-390-



EETE 1§ FFol Kot @
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Z2ud Q2T AN E AAdde 8 29 2
t}. 2EZ 7o) tlFwol Biskd Santa Ana Dexterity
o] $-<¢9} ¥4, Benton Visual RetentionoA] 28}
A G 73 58S BAon L2 T e dE2T
o Hlstel felshl hol7k Yt FRol Ygich v
REEAIZEe] 7S ohi g B AA AN A
9 fodE JepAT. BAA {9 FARle]
Al T Ateloll F7}, B2 3hhe] FAL ARk 5
< Santa Ana Dexterity®] 49} G4, 21 235 &
A7), ERFTEY gte AT 7 HAF §%
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o £z FJxrt S/MESGE £ T Fihdhe
FAE BoFA}

POMS= 7} @] tigt ul& U =Z Cronbach's
o2 AESlE 2783 B 0.6838, 22 0.
8094, =9} A 41L& 0.7526, 7] 0.8578, Hl2&
0.7567, £ 0.66340] 2™ BE 7Hg 3204 o
L FolF Aol g E 4 ik M5 A o
elA et 87] RN = AZ2 P 713
2 HFE H3lon 5% gEdX e AZedy n
EZ2 T d2TEY 52 F4E B

Y AR ARt A frefd S Y
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22 e Az et dedlA w1l A4t o
Z3 1809 4070, AZ2=T 7309 407, nEE
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T P HAFm oy BARH R fod A
= opSith

Santa Ana Dexterity©= $-r9t G4 5 nZ2
Zol Tl vlsle] foJ3t ztolE B ArH(p<0.01).
©2=0] AL 2T 3930, AEZF 3657, nEZ
3257 o G429] AL 37.17Y, 34.87, 32.0/0%
ok ol @ Aol o glout HMRtdog Ego] A
7t 7Vl wet BA 2e Agvt gadhe A%
< 230

A 5 A371e] AS 4 230 fol@ Apol&
Holzl= ekgtoy} tizF 3740, HE2F 342,
nEET 29712 FAddhe FEE Holn i

Benton Visual Retention& 1E2 9] A7} th 2
T vlgkd Folgt ZAAaE B o (p<0.01) 7t e
Ay 2T 6.9, NEZ2F 6.7, nEZ 2 5.10]9}k

BR8] A% 2&E AFe nFETe] 143.2)
2 2T 15350, AZ2F 15277 B} Be FgS
Bgoul §olFt Aol opgen EW ST A
T Aole]] zlo]E Holx] gkgirl.

3. 2 eIXt MA = chabzol mE MAEES &
£]

AT Frold BEO Ho)2 HYH u§ 552

Santa Ana Dexterity, Benton Visual Retention X2-5i)
A A3 AT Fold Aol & Holx gt 2 A
Al gH2o] w22 Benton Visual Retentiono] 30.0%
2 7} = Santa Ana Dexterity?] $5+ 28.4%%
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F7IEAR g F3NAA 59L& A IJRA
FolollA 71 $23 =4 5 )& (Baker, 1988) 3
T e d78el Sl e oh) 49

sold o5l AT 3K Lo Sa) AR
°ﬂ g eg 29 7%, Aol X F¥d &
st A e B S =do] BrhGerr} Letz, 1992).

WHO(1986a)l| X = @ #A}2F thorstn Ahdke Ax)
7H e 7V 2 o)9E 188 ABAE P =7
FRo} A9 We] Aoz B3 o|F EEHahe 2
A& Al#sted NCTBE AlbsHAl HAen e
At 59 Aol AT Be AE FAE
o] 3874 59 FHoE AFEE o8¢ UHAF
AA7Y FE5S w5 glth(Hinninen, 1985). 28 A
FEE )88 AFVF BALe] BSOIE M % 2129
AL FPRM e ddH ez ABgo] Bgdnn
& 8, o] 9Al AR 271e) nje A} B2
FF FAAQ Al o] s gl AFET
o Hlaolle o3| ofz]go] EA|3cH(Hanninen,
1985). 71 9ol% Letz(1990)= HATEE o] &3 W=
2ol AAke AR A3 Lo sk wewe
27302 gE $Ee Y2t 15E ol AFE

¢

Hrkslzldle v]E3 Aol doiar 1o Liang 5
1990y HFEIE o] &3l sl 55734 9
Qo) 7129 FARRPF A 23 PET FAY
°§°39] ARAE 7155 34 & + dert 8t
- 9]E& A71skgdc}t. webd  Hinninen(1985)3}
Llang S(1990) AFHE 0|3 ABYF AAe
Bl 2 Adshe 712e) Wig o8 2
ALRTE S8 frsithe Aol B A fi7ix| = o]
7K PEE sl TAAA Wk Rl v
Atk F45ct. 22ln Letz(1991)e AFEHE
o] & A5 Al 7P 2 9L vAe HrE A
Felol e B4 T8 AAsAT B 3
F d%o] 40 B, BT 0& F20| 35 P=d
¥ AR AFEE 0|88 HAKE ARl
£ ta ¥48Y Aoz 42 E aFdie 2
AP} Aeie W 3 A9 PEe) B30 3P
A7 NCTBE A5t
X oFo|A] Santa Ana Dexterity®] ¢} G4,
Benton visual Retentionollx] 31Z 2 3to] tjZFd] H]
st} froJabd 2e 3 FHE BYon, AEEF
A 2T vlstd felah xtol7) e FEL
ATk BAA 943 BAgle) Al = Aol 271,
ze paxd 247 AHE YL Sama Ana

Table 3. Results of neurobehavioral test for control and exposure group adjusted by education

Test wilk's lambda® F-value®® P-value R’
Santa Ana dexterity 0.8159 0.012
Preferred hand 28.4%
Exposure group 6.95 0.002
Education 8.07 0.006
Nonpreferred hand 8.9%
Exposure group 2.84 0.066
Education 0.13 0.715
Benton visual retention 30.0%
Exposure group 321 0.047
Education 14.80 0.000

@: Wilk's lambda statistics is measured by multivariate analysis of covariance(MANCOVA)
@@ : F value statistics is measured by analysis of covariance(ANCOVA)
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2 717+ 71 2EASTR sl A FR¥
o2 Z2Pg ARR QoM F0) 4T §
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23} AZ2F Alle $3 5 o7t nZ=rH
2o Blale] B% 2Tk ZATF(1993)9 FE8 5
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