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Relationship Between Low-Level Lead Exposure and
Neurobehaviors of Preschool Children

LIU Jian-An LIU De-Hua JING Jin YI Huan-Qiong WANG Meng-Long CHEN Xue-Bin

School of Public Health Sun Yat-sen University of Medical Sciences Guangzhou 510089 China

Abstract  Objective To study the effects of exposure to low-level lead on neurobehaviors of preschool children.
Methods Blood lead levels were measured in 211 preschool children aged 4 — 6 years in a kindergarten without known
exposure to lead sources the 211 children were assigned into two groups low blood lead level group LL group
<100 pg L and high blood lead level group HL group =100 pg L . Their neurobehaviors were assessed with
Achenbach child behavior checklist CBCL to study the relationship between blood lead and CBCL total behavior scores

TBPs internalizing and externalizing scores Ints and Exts . Results The Exts and incidence of abnormal behavior
problems in the HL group 13.28 £6.26 and 18.26% respectively were much higher than those in the LL group
9.98+5.46 and 7.29% respectively ¢ = 4.0677 X2 =5.470 P <0.05 . The blood lead level was positively
correlated significantly with the scores for hyperactivity attack and disobedience » =0.3164 0.2828 0.1886 P <0.05 .
When the blood lead levels of children reached or exceeded 150 pg L. the incidence of abnormal behavior problems increased
significantly. Conclusions Low-level lead exposure can have adverse effects on neurobehaviors of preschool children.
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CLC Number R595.2 Document Code A Article ID 1008 — 8830 2002 04 —0345-03

The developing central nervous system is most
sensitive to lead toxicity lead toxicity is a continuous Methods

process that causes adverse effects on the development

of neropsychology neurobehavior and intelligence of Subjects

preschool children. The harmful effects on intelli- With cluster random sampling 211 urban
gence persists into adulthood and appears to be irre- preschool children aged 4 — 6 years 109 boys and 102
versible ! . Children aged 0 — 6 years are considered girls  from one kindergarten without known lead
susceptible and are a high-risk population for adverse sources in a city residential district were enrolled in
effects of lead poisoning. Over the past several years this study . They were assigned into two groups low

there has been growing attention that lead toxicity blood lead level group LL group <100 pg L and
has harmful effects on the child’ s intelligence. How- high blood lead level group HL =100 pg L ac-

ever reports on the effects of exposure to low-level cording to their blood lead levels.

lead on neurobehaviors of preschool children are Methods

rare > . The aim of this study was to investigate the Digital blood samples were collected and blood
effects of exposure to low-level lead on neurobehaviors lead levels were measured with automatic absorption
of preschool children and the relationship between the spectrometry in 211 children. Meanwhile their neu-
dose-effect of blood lead and behavioral scores in order robehaviors and individual conditions were assessed

to formulate effective prophylaxis regiments for child- with Achenbach child behavior check list CBCL *

hood lead poisoning. and a self-designed questionnaire which involves
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some factors affecting neurobehaviors such as age
sex and cultural and family background. The child
with neurobehavior scores exceeding the norm for
Chinese children or with CBCL total behavior scores
TBPs

thought to have abnormal behavioral problems.

beyond the ninety-eighth percentile is

Statistical analysis

All statistical analyses were performed with the
Statistical Package for Social Science all values were
presented as mean * standard deviation T * s
differences between the two groups were analyzed us-
ing student’ s T test and the effects of different lead
exposure levels on neurobehaviors were analyzed using
x* test. The simple correlated analysis was done to
analyze correlations between the lead exposure level
and the scores of externalizing factors confounding
factors were controlled with stepwise regression anal-
ysis to study the influences of lead exposure on neu-

robehaviors.
Results

Differences of behavior scores and the rate of be-
havior problems between the L. and HL. groups were
given in Table 1. The externalizing scores Exts and
incidence of abnormal behavior problems in the HL
group 13.28 + 6.26 and 18.26%
were significantly higher than those in the LL group

9.98 + 5.46 and 7.29%  respectively t =
4.0677 y*=5.470 P <0.05

was no difference in the TBPs and internalizing scores

respectively

. However there

Ints
Table 1

Differences of the incidence of abnormal behavior

between the LL group and HL group see

problems among various blood lead levels were given

in Table 2. Based on the blood lead

levels

<S0pg L 50 pg L~
~ 250 pg L~
five group Group I Group II Group Il  Group

100 pg L~ 150 pg L

the subjects were assigned into

IV and Group V. There were significant differences
in the incidence of abnormal behavior problems among
the 5 groups ¥*=13.695 P <0.01
of abnormal behavior problems in Group IV and V
blood lead level =150 pg L. were higher than that
of Group I Il and [l %~ =4.727 6.261 5.168
4.503 5.911 4.928 P <0.05 see Table2 .

Simple correlated analysis between blood lead

the incidence

logarithm and the scores of externalizing factors was
performed. The results showed that the blood lead level
was positively correlated significantly with the scores for
hyperactivity ~attack and disobedience » = 0.3164
0.2828 0.1886 P <0.05 see Table 3 .

Table 1 Comparisons of behavior scores and

the incidence of abnormal behavior problems between the

LL group and HL group T s
Group n Ints Exts TBPs behavior
problems %
LL 96 8.08+5.96 9.98+5.46 21.49+10.45 7.29

HL 115 7.18+6.09 13.28+6.26"23.81£11.08 18.26"

Note a vs LL group P <0.05

Table 2 Differences of the incidence of abnormal behavior

problems among various blood lead level groups

Group Blood lead N Numbmj of cases with  Incidence of behavior
g L behavior problems problems %
1 <50 40 3 7.50
II 50~ 56 4 7.14
i 100~ 58 5 8.62
v 150~ 39 10 25.64%
Vo 250~ 18 6 33.33%

Note avs Groupl II Or [l P <0.05

Table 3 Simple correlated analysis between blood lead logarithm and the scores of externalizing factors

Index Attack Obesity Disobedience Abruption Hyperactivity Brutality Sexual problem
Blood
lead 0.2828" 0.1024 0.1886* 0.0942 0.3164" 0.1183 0.0926
logarithm

Note a P <0.05

Regression analysis was used among the scores of

externalizing factors blood lead logarithm and poten-
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tial confounding factors such as age sex and cul-
tural and family background. The results showed that
the blood lead level had significantly positive correla-
tion with the scores for hyperactivity attack and dis-
obedience. Moreover it remained after confounding
factors were controlled by stepwise regression analy-

Ses.
Discussion

There is a critical need for the study to obtain
more precise information on the correlation among
lead neurobehaviors and subtle central nervous sys-
tem dysfunction *  to discover children with lead
poisoning earlier and to prevent harmful effects on
their intelligence. Based on this study there were no
significant differences in TBPs and Ints between the
LL group and HL group. This may result from less
harmful effect of exposure to low-level lead compared
to the social environment. Or this may be due to the
inhomogeneous samples or restriction by methodology
itself. However the results showed that the Exts of
the HL group were higher than those of the LL
group. The blood lead level was positively correlated
significantly with the scores for hyperactivity attack
and disobedience and it remained when adjusted for
potential confounding factors by stepwise regression
analyses. When the blood lead levels of the children
exceeded 150 g L the incidence of abnormal behav-
ioral problems increased significantly —showing a
dose-effect between the blood lead level and abnormal
behavioral problems. Based on the above findings it
is suggested that children with hyperactivity attack
and disobediences should be screened for lead poison
ing to enable preventive strategies such as health edu

-cation  environmental intervention and clinical
treatment.

As for the mechanism of lead influencing exter-
nalizing neurobehaviors it has been reported that
low-level lead exposure can cause a selective accumu-

lation of lead in the hippocampus and cerebral cortex

resulting in characteristic morphologic changes such
as a significant increase in size and numerical density
of mossy fibers the granule cell layer and the com-
missural — associational area of the dentate molecular
layer causing functional disturbance of the hip-

pocampus which induces hyperactivity and attack.

Meanwhile

density of nerve synapses in the prefrontal cortex re-

lead exposure decreases the numerical

sulting in inability to inhibit appropriate behavioral
responses clinically 3 . Long-term lead exposure af-
fects the content synthesis rebirth of 5-HT and the
ratio to other neurotransmitters. Moreover lead can
increase the content of 8 — ALA that acts as a false
neurotransmitter in the central nervous system. This
interdicts the process of presynaptic inhibition caus-
ing excessive excitement. In other words lead may
cause variable changes in several neurotransmitter sys-
tems which has a harmful impact on the well — bal-
anced function of the brain to conduce abnormal emo-
tion and behavior such as disobediences hyperactivi-
ty and attack ¢ .
In conclusion exposure to low-level lead can
have adverse effects on neurobehaviors of preschool
children. The study of childhood lead poisoning in

our country should be emphasised.

References

1 LiuDH Zhen H LiuJA et al. Blood lead levels and children’ s
neurobehaviors ] . Chin Pub Health 1999 15 11 1025 —
1027.

2 He XW. Basic study of child lead poisoning in China Problems
J . Chin J Prevent Med 1999 33 5 265 —266.

3 Xu TY. Achenbach child behavior checklist J . Shanghai J Arch
Psych 1990 New 2 Suppl 47 —50.

4 Shafig-ur-Rehman S. Effects of lead on the behavioral complex
stereotypes and regional brain dopamine levels in rats J . Arch
Enivron Contam Toxical 1991 20 4 527 —530.

5 Verity MA. Comparative observation on inorganic and organic
lead neurotoxity J . Environ Health Perspect 1990 89 43—
48.

6  Schoen EJ. Neuroendocrine effects of toxic and low blood lead

levels in children J . Pediatrics 1993 92 3 509 —513.

347 -



