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— Abstract —

Relationship between Blood L ead Concentration
and Neurobehavioral Function of Children

Kwang Seub Park®?, Jae-Yong Park®, Joon Sakong®®

Department of Public Health, Graduate School, Kyungpook National University, Daegu, Korea®,
Gyeongsangbukdo Goverment Public Institute of Health and Environment?,

Department of Preventive Medicine and Public Health, School of Medicine, Kyungpook National University, Daegu, Korea?,

Department of Preventive Medicine and Public Health, College of Medicine, Yeungnam University, Daegu, Korea® ,

Department of Occupational and Environmental Medicine, Yeungnam University Hospital, Daegu, Korea®

Objectives: To evduate effects of lead on the centra nervous system of children by measuring blood lead
concentration, computerized neurobehaviora function and intelligence of elementary school students.

Methods. The study was conducted with 208 elementary school students living in the vicinity of Pohang
Industrial Complex in October and November, 2005. Data on demographic characteristics, living environments
and lifestyle habits were collected from subjects.

Results: Blood lead levels of elementary school students ranged from 0.76-4.97 ug/ dl, which is below the 10
ugl dl recommended level of CDC. The blood lead levelswere similar with those reported in other domestic and
international studies. Neurobehaviora tests reveded that most third grade students reacted dowly and their
speed declined in simple reaction time (p<0.05), choice reaction time (p<0.05), symbol digit substitution
(p<0.01), finger tapping speed nondominant hand (p<0.05) as blood lead levels increased. Sixth grade students
demondtrated significance in test performance, and displayed blood lead levels of 2.00-4.00 wg/dl. Results of
intelligence testing showed significantly low performance in 1Q (p<0.05), vocabulary ability (p<0.05), reason-
ing ability (p<0.05), mathematical ability (p<0.05) and perception ability (p<0.05) among third grade students
who displayed high levels of blood lead concentration. Sixth grade students showed significantly low perfor-
mance in vocabulary ability (p<0.05) at high level of blood lead concentration. The difference in mean 1Q
scores between the group with blood lead level of <2.00 ug/dl and the group with blood lead level >3.00 ug/
dl was 3.21 in third grade students and 4.28 in sixth grade students. Low academic achievement was observed
among third grade students (p<0.05) and six grade students (p<0.05) as the average blood lead level increased.
Corrdation analysis on the association of blood lead concentration with neurobehavioral tests reveded a posi-
tive correlation between blood lead levels and reaction time of choice reaction time and symbol digit substitu-
tion in third grade students. A positive correlation was observed between blood lead levels and reaction time of
symbol digit substitution and finger tapping speed in sixth grade students. There was a negative correlation
between blood lead levels and reasoning ahility of third grade students (r=-0.247) and vocabulary ability of six
grade students (r=-0.255).

Conclusion: There have been few studies on the effects of blood lead on the central nervous systems of chil-
dren in Korea. The study supports the findings of earlier studies that blood lead has an impact on children.
However, the study did not confirm significant association of blood lead concentration with each neurological
and motor test conducted for this sudy due to a small sample size and relatively low blood lead levels of e
mentary school students. Further studies using a Smilar assessment methods would be helpful to evauate the
effects of low blood lead levels on the central nervous systems of children.

Key Words: Elementary school student, Blood |ead concentration, Neurobehaviora function
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Table 1. Instrument and analysis condition for blood lead concentration
Wavelength: 283.3 nm Background correction: D2
Slit width: 1.0 nm Lamp Current: 10 mA
Replication: 3 Signal processing: Peak height
Step Temp (°C) Time (sec) Heat Mode Gas ([ /min)
#1 150 20 Ramp 0.1
#2 250 10 Ramp 0.1
#3 550 10 Ramp 1.0
#4 550 7 Step 1.0
#5 550 5 Step 0.0
#6 1900 3 Step 0.0
#7 2300 2 Step 1.0
#8 20 15 Step 1.0

40, 60, 80 ppb)& AldrichAte] 1,000 ppm €4S 5
T2 gMate] Alxattt

2) Xl[s&At(ntelligence Test)
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Korean Institute for Research in the Behavior
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sttt KIT-Pe= 98ty 549 dxgzAld Hels)
A, A ARE Y F e, BEstE dye=
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3) ATFH MBS HAL
(Computerized Neurobehavioral Test)
2ESNS ok AAPEAAE ATE AAP=H
Ab Alz=®l(Korean Computerized Neurobehavioral
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wg/dl, 4,0009F 9 237} 2.31 w/dl2 A5 FFo] &
S5 AN BAHCE fo3t Aol oYUt A
FEHIRE olgE ofdol7} 2.31 we/dl, T o]
7} 2.51 wg/dio|Ath. &F F & e odole 2.44 we
Jdl, &= A = odol= 2.46 wg/diolRa, F YA
e AZMEREE 1AZE vinke] 2,22 we/dl, 1~3A7t0]
2.43 ug/dl, 413k ool 2.98 wg/dlE =¥ A7to] B
SFE YRFH wFo] Hol © oz Yepgon #

o] gk Afo]= o AtH(Table 3).

Table 2. Distribution of blood lead concentration in elementary school students

Elementary school student

Blood lead (ue/ dI 3rd grade 6th grade Total b-value*
ood lead (ug/dl) N(%) N N(%) -valu
<0.99 o - ) 2( 1.8) 2( 1.0
1.00~1.99 14(14.7) 76(67.3) 90(43.3)
2.00~2.99 31(32.6) 29(25.7) 60(28.8) 0.001
3.00~3.99 31(32.6) 5( 4.4) 36(17.3)
>4.00 19(20.0) 1( 0.9) 20( 9.6)
Total 95(100.0) 113(100.0) 208(100.0)

* P-value by »*-test.
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3. dF H kol mE MFdASHA L X[SHA AtH(Table 4).
2595 o wESE, A AT £, AEe n
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Table 4, Table 5ellA ¥ w&sE A 7 F4. = AsAE, o9y, 28, sy, A4Y ZE 5
S BAst] Yehigith 2535 EF W = dA dF F =7 5555 fFodA EU%n
of W& A7dAFAAL FHA 3ehd YL S-S (p€0.05), 6ehd L dF & v/t 2255 o9
b, AESAZE, ZA RF7), REeA AR £ Hel AR feldhl WRkoni (p(0.05), FeFeldE
7t FEV-E4elA B 3 | s 225 AR zE folsht(pc0.05) EF & skol WE 4
5 WEAIZke] Hojxn FEgE a7t gasit. & d(trend)& & F gtk 63hdoM = 33hdF} 2o
AR o2 TEihEAIZH(p(0.05), AEREEAIZH(p(0.05), 3 9 % 1.99 we/dl o3} 7 3.00 wg/dl ©1’d T
Foxa AA7(p<0.01), &7 FEH7-9F ke AAF 4.28, o138 2,93, F2E 3.21, Y
(p€0.05)elM dF & =7t S/ AAdAE7]E 0.76. #12+# 1.43¢] zko]7} 3ide(Table 5).
of #ela Zasisich 6shd she RaAl #A]
AT F F Fert 2255 WH3AR] fosHA & 4. SAMF O ME 85 H s
7Fte] (p(0.05) A E71%50] #adt Aoz Yeyte
B Uz gEode AAR Tl freld Aolrt ¢l 2eES A= WE 5 F e
Table 3. Concentration of blood lead by characteristics of subjects
Characteristi Nurmber of subiect Blood lead (ug/di)
aracteristics umber of subjects Mean=SD GM=SD Range
Grade of student*
3rd 95 3.06+0.97 2.89+1.42 1.26~4.97
6th 113 1.85+0.36 1.76+1.38 0.76~4.18
Sex*
Mae 123 2.58+0.95 2.41+1.46 0.76~4.97
Female 85 2.14+1.03 1.94+155 0.87~4.91
Paternal education level
Middle school graduate or less 16 2.27+0.93 211+1.49 1.03~4.16
High school graduate 7 2.46+1.05 2.24+155 1.00~4.97
College or more 81 2.30+0.94 2.12+1.50 0.76~4.91
No response 34 2.58+1.07 2.39+1.48 1.31~4.85
Annua household income (million won)
<20 35 2.49+1.10 227+t154 1.12~4.97
20~40 61 2.46+1.02 227150 1.17~4.91
>40 43 2.31+0.86 2.15+1.48 0.87~4.57
No reponse 69 2.35+1.03 215+154 0.76~4.85
Housing characteristics
Apartment 128 2.31+0.94 2.13+1.50 0.76~4.97
House 62 251+1.06 2.30t1.54 1.00~4.91
No response 18 2.68+1.20 2.46+1.53 1.31~4.85
Hand washing after outdoors
Yes 110 2.44+1.01 2.23+153 0.76~4.97
No 79 2.46+0.92 2.29+1.49 1.03~4.63
No response 19 2.76+1.22 252+1.54 1.31~4.85
Outdoor play time (hours/day)
<1 40 2.22+1.00 201157 0.76~4.41
1~3 132 2.43+0.98 2.24+1.50 0.87~4.97
>4 5 2.98+1.07 2.78+t1.57 1.31~3.93
No response 31 241+1.12 221+1.50 1.14~4.85
Total 208 2.40+1.00 2.20£1.50 0.76~4.97

* P<0.01 by t-test.
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Table 5. Blood lead concentration and intelligence level of elementary school students
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Unit: score, mean+SD

Blood lead (ug/dl) Vocabulary ability  Reasoning ability =~ Mathematical ability ~ Perception ability
3rd grade of student
<1.99 111.96+13.20* 55.57+10.61* 57.59+ 8.97* 56.21+ 9.64* 53.59+ 7.55*
2.00~2.99 109.26+15.38 53.82+10.41 55.74+10.79 55.42+ 9.45 52.83+ 8.80
3.00~3.99 108.75+15.71 53.68+ 8.90 55.46+ 8.60 55.07+12.44 52.62+10.01
>4.00 106.81+13.14 53.21+ 7.52 5441+ 4.56 53.58+11.41 52.00+ 9.72
Total 109.00+14.95 5391+ 9.48 55.66+ 8.93 55.05+10.83 52.71+ 9.42
6th grade of student
<1.99 107.05+14.07 53.55+ 9.48* 54.72+ 9.56* 53.41+8.19* 51.92+ 8.40
2.00~2.99 108.30+15.77 53.29+10.04 54.98+ 9.90 55.15+8.30 52.54+10.89
>3.00 102.77+15.33 50.62+ 7.08 51.51+11.48 52.65+5.93 50.49+ 9.67
Total 107.14+14.48 53.33+ 9.47 54.62+ 9.74 53.81+8.07 51.99+ 9.18

* P<0.05 (P for trend test).

The values of intelligence test were adjusted for sex, paternal education level, and annua household income.

Table 6. Concentration of blood lead by scholastic achievement level of elementary school students Unit: ug/dl
Achievement 3rd grade of student a 6th grade of student o Tota a
levels N Mean Sp PVaue N Mem sb PY8%® "N Mean sp PVALE
Quartile 1 17 292 11 39 1.78 0.6 56 212 09
Quartile 2 27 2.59 0.9 0,016 21 1.85 0.6 0,649 48 227 09 0,040
Quartile 3 30 3.26 0.7 ) 26 1.77 0.7 ) 56 257 10 :
Quartile 4 12 3.40 0.9 15 2.00 0.7 27 237 11

P-value was calculated by ANOVA.

Table 7. Correlation coefficient of blood lead concentration and neurobehavioral tests and intelligence quotient in elementary school

students

Elementary school student

3rd grade 6th grade
Neurobehavioral test
Simple reaction time 0.199 0.013
Choice reaction time 0.220* -0.071
Color word vigilance 0.125 -0.038
Symbol digit substitution 0.336' 0.331'
Digit classification - 0.082
Digit addition - 0.177
Finger tapping speed-dominant hand -0.055 0.233*
Finger tapping speed-nondominant hand -0.181 0.236*
Intelligence test
1Q -0.153 -0.136
Vocabulary ability -0.165 -0.255"
Reasoning ability -0.247* -0.063
Mathematical ability -0.041 -0.073
Perception ability -0.023 -0.044

* P<0.05, " P<0.01.
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