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— Abstract —

Association Between Blood L ead Concentration and Computerized
Neurobehavioral Performancein Korean Elementary School Students

Yeon-Cheol Kim, Man-Joong Jeon, Yun-Chul Hong?,
Chul-Gab Lee?, Mi-NaHa?, Ho-Jang Kwon?, Joon Sakong
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Department of Preventive Medicine and Public Health, College of Medicine, Yeungnam University
Department of Preventive Medicine, College of Medicine, Seoul National University?
Department of Preventive Medicine, College of Medicine, Chosun University?
Department of Preventive Medicine, College of Medicine, Dankook University?

Objectives: This study was conducted to evaluate association between computerized neurobehavioral
performance and blood lead concentration in Korean elementary school students.

Methods: The subjects were 1,077 elementary school students of Seoul, Busan, Daegu and Gwangjul.
Blood lead concentration was measured and computerized neurobehavioral performance tests were per-
formed.

Results: Blood lead concentration of the subjects was in the range of 0.20 and 7.39 g/ dl . The geomet-
ric mean of the subjects blood lead concentration was 1.41 wg/dl . Asblood lead concentration increased,
reaction time to the symbol digit tended to increase significantly and linearly. As a result of
LOWESS(locally weighted scatterplot smoothing), increasing reaction time to the symbol digit was
observed.

Conclusions: As blood lead concentration under the CDC (center for disease control and prevention)
reference value increased, reaction time to the symbol digit tended to increase. But, as the number of sub-
jectsover 3 ug/dl issmall, it is difficult to make a definite conclusion. If confounding variables are con-
trolled properly in afollow-up study, we can obtain a more definite conclusion.

Key Words: Computerized neurobehavioral performance, Blood lead concentration, Elementary
school students
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Table 1. Results of normality test on blood lead concentration and neurobehavioral performance

Digit addition Symbol digit

Choice reaction time

Simple reaction time

Raw Log etransformed

Logetransformed Raw  Logetransformed

Raw

Log e trans formed

Raw Logetransformed Raw

Charac teristics Divisions

B AZYS
O O O
o © O O
N oS8
O O O o
O N O ™
OOOg
N O N O
O O O o
5888
O O AN N
O o oo

— Lo
8888
O O O o
O O O o
o O O O
N N N AN
O O O o
OO(‘F")O
8838
O O O o
OO%O
8838
O O O o
O O O o
o O O O
o O O QO
o O O o
o O O o
o O O O
o O O O
o o oo
O O AN
8888
O O O o

Seoul

Area

Busan
Daegu

0.200
0.200

0.200

0.200

0.200
0.200

0.039 0.001
0.013

0.002

0.200

0.000
0.058

0.000

0.000

0.000
0.071

0.003
0.000

0.200

Gwangju

*values are p-value calculated by Kolmogorov-Smirnov test.
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Table 2. Distribution of the first elementary school students

Characteristics Divisions Elementary school Number (%) Total of each area (%)
Sex Mae 545 (52.0)
Female 506 (48.0)
Area Seoul P 214 (20.4) 214 (20.4)
Busan BR 152 (14.5) 306 (29.1)
sC 53( 5.0)
HJ 101 ( 9.6)
Daegu YS 140 (13.3) 322 (30.6)
DB 182 (17.3)
Gwangju KH 116 (11.0) 209 (19.9)
BU 93( 8.9)
Total 1,051 (100.0)

Table 3. Characteristics of education level of subject’s mother, household income, and time using computer

Characteristics Divisions Number (%) %
Education level of mother Elementary school graduate 7 0.7
Middle school gradute 16 15
High school graduate 449 27
Dropping out of two-year college 6 0.6
Two-year college graduate 97 9.2
Dropping out of four-year college 21 20
Four year college graduate 370 35.2
Grad school graduate 21 20
Missed 64 6.1
House hold income (ten thousand won /month) <99 49 4.7
100-199 207 19.7
200-299 318 30.2
300-399 270 257
400< 133 12.7
Missed 74 7.0
Time using computer on weekdays (hrs) 1 189 18.0
2 562 53.5
3 222 211
4 17 1.6
5 9 09
Missed 52 49
Total 1051 100
wjAsk] fal Al oMyl wEeE, BAA FE 2 I
AFE e tigk % %Eg Hystglon, Al mE A7
P54 A3 vlmol e olviyel mgsE, 244 ¢ ChARle] 54
=, AFHA tg A5, A9 BHsT. 5 @
T mE AR E7 e Hade 4E, A9, oA dzke] gd, A st E¥E Table 29 2
yel usaE, AAE 2, AFHA Ui AseE B2 3, 2o g A, 5 AFEH ARRAIRE dig £
g T AGYE7s 23S vastslon, AFEHA o X & Table 3% 2tk 29| 322 nFo] 7P ¥k
3 Aev AFE AFgAzte s Prleldy. w3k g3 S 200-299%o] 7 wtew, F5 ARAIRE
W EEe 3k wE ARYEIITY WHeds BE & 23] A1 wgd

371 Ystel FAa7FEAH E=H S (locally weighted
scatterplot smoothing)< 433l Th.
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oAd 5 =SEMES 85 H sk AFH MEHSHA Zotetel
2. tiekAte] g8 | s gslr] o)A date] whgATte] o e Zo =
E} 3(p<0.05), FaAAAY] FEoM e oA
g 25 EY A9d EF 3 =Y HES A FEAIZke] o whE 2o R UEhEem (p(0.01), E<ent

o] 1.78%+0.96 wg/dl(Z7]1&tE 1.52 wg/dl), H-Ato] ~*l7} oM FUztY o3t Afole AFEA] &

1.52+0.90 wg/dl(V18F8w 1.20 wg/dl), W77F 1.50 *tHTable 5).

+0.64 we/dl (718t 1.36 wg/dl), #F7F 2.00+ A, AAA FE omyY] usTE, AFEH IAske

0.96 wg/dl (7184w 1.78 wg/dl)ol™, A Bt & BT A9 AAPTHA AL kg Azte

1.66+0.89 wg/dl(718V4 7 1.41 wg/dl)o]Att. A|9¥ HEgAIZEO] o Aol 1,114 msZE thE A HHT}

25 B o v I A9 25349 EF FroJeHAl wokom, FoapdAl7] o] whgAIZES AEo]

g oEEr P wska, vheol Aol ditel Ak 3,937 msZ ti7A%e] 3,762 msEth ol w&

Aqe M7 o7} ch} AEgE ddhgo] 1.75+ Aoz Yetsth(Table 5).

0.88 ug/dl (71818 1.50 wg/dl) o1&4Jo] 1.56+0.88

wug/dl (713153t 1.33 ug/dl) 2 FeAo] AR} F2 4. ¥ & ol mE MEddsT|s

stAl E=%H(Table 4).

B, A, AAA FE oy ussE, FHFH

3. CH&tRte| Aot X9 MAMSHAILH ALEE Y3 dF ¢ vrol e ABPFHAA = F
S5t AR wEgAIRIM EF d T % 3 we/dlFH

ey 255 Al w}ﬂw BAA <, olmY ot Zeshe ¥ Holu, p-trend A%l p-value

o WEFE, AFEH AKE, A9S BT AFE A 7F 0.0101%, 3 wg/dl ©1de] tdAe] 71 & &

FEHA AL Table 59F 2rh, Aewh-gA3tat =22t o] Ak Wl 22 S aefs) Boid, %ﬂzﬂ?—ﬂﬁi

Table 4. Concentration of blood lead of elementary school students Unit: wg/dl

- o Blood lead
Characteristics Divisions N p-value
Mean+ S.D. (Geometric mean)

Area Seoul 214 1.78+0.96 (1.52)* <0.01
Busan 306 1.52+0.90 (1.20)"
Daegu 322 1.50+0.64 (1.36)"
Gwanju 209 2.00+0.96 (1.78)"

Sex Mae 545 1.75+0.88 (1.50) <0.01
Female 506 1.56+0.88 (1.33)

Total 1,051 1.66+0.89 (1.41)

* 1 * same |etter means that mean have no difference after post hoc comparison.

Table 5. Adjusted neurobehavioral performance according to sex and area Unit: ms
Characteristics  Divisions Simple reaction time Choice reaction time Digit addition Symbol digit
Sex* Mae 437+ 124 1142+347 2466+ 639 3869+ 672

Female 447+ 113 1213+347 2575+ 649 3597+ 676
Total 442+ 119 1176+ 362 2519+ 646 3738+ 676
p-value 0.241 0.010 0.031 0.001
Area’ Seoul 465+ 138" 1220+ 423 2602+ 608" 3937+ 662**
Busan 443+ 116" 1273+ 371 2543+ 6257 3832+ 662*%*,°
Daegu 440+ 115" 1114+321" 2643+6811 3762+ 724°
Gwanju 448+ 108" 1231 +405° 2538+ 676" 3803+ 678**,°
p-value 0.16 0.00 0.26 0.06

values are mean + standard deviation.

*adjusted by areas, house hold income, educational level of mother, and familiarity with computer. "adjusted by sex, house hold
income, educational level of mother, and familiarity with computer. * 2,1, 7 ** °same |etter means that mean have no difference after

post hoc comparison.
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Fig. 1. Adjusted symbol digit reaction time and concentration

of blood lead by LOWESS*.

*|ocally weighted scatterplot smoothing.

Table 6. Adjusted neurobehavioral performance by concentration of blood lead of elementary school students

Sex Concentration of blood lead (ug/dl) N Simplereactiontime* Choicereactiontime* Digit addition®* Symbol digit*
Mae <0.99 97 435+118 1173+332 2603+ 691 3842+ 722
1.00-1.99 279 437+123 1135+371 2505+ 658 3912+ 708
2.00-2.99 123 470+133 1218+381 2624+ 669 4023+ 688
3.00-3.99 32 429+113 1195+ 440 2752+ 679 4030+ 642
4.00< 14 4354103 1276+324 2300+ 508 4057 + 664
p-trend 0.32 0.15 0.56 0.06
p-quadratic 0.30 0.15 0.56 0.69
Female <0.99 118 4434105 1222+398 2559+ 641 3688+ 708
1.00-1.99 277 449+111 12564410 26434692 3718+725
2.00-2.99 84 470+123 1236+383 2661+ 593 3820+ 700
3.00-3.99 17 418+86 1107+£239 2373+614 3812+713
4.00< 10 510+ 157 1496+ 468 2571+ 357 3684+ 699
p-trend 0.16 0.51 0.91 0.32
p-quadratic 0.83 0.61 0.19 0.62
Total <0.99 215 442+114 1197+ 356 2563+ 657 3738+ 687
1.00-1.99 556 441+117 1193+370 2560+ 657 3823+ 698
2.00-2.99 207 473+ 127 1207+ 386 2663+ 625 3907 £ 667
3.00-3.99 49 426+ 106 1151+380 2623+ 634 3902+ 611
4.00< 24 483+133 1389+ 395 2490+ 466 3848+ 623
p-trend 0.11 0.37 0.92 0.01
p-quadratic 0.57 0.18 0.48 0.57

values are mean + standard deviation, N: number.
*adjusted by sex, areas, household income, and familiarity with computer.
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