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Abstract A survey was performed to know blood lead
level (BLL) of children under seven and the risk factors of
high BLL in Chengdu, China in 2004. The mean BLL in
children under seven in Chengdu was 63.88 pg/L. The
detection rate of high BLL was 8.21%. Chengdu is a
moderate popular region of lead poisoning. Substitute of
breast milk, living at the base floor or in one-storey houses
and houses near the streets are the risk factors of high BLL
(p < 0.05). The risk of anorexia, spasm and impaired
concentration is higher in children whose BLL is higher
than those whose BLL is lower (p < 0.05). Living cir-
cumstances, feeding patterns, and eating habits affect BLL,
which in turn influences children’s health status.
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Lead poisoning is one of the most significant environ-
mental health threats that children face. Even low levels of
lead exposure are associated with impairment of childhood
cognitive function (Canfeld et al. 2003) and abnormal
infant behaviour (Mendelsohn et al. 1999).

Over the past 30 years regulatory and environmental
reforms in the developed world have significantly
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ameliorated lead pollution among children, while in devel-
oping countries, the extent of environmental lead and ways to
reduce and prevent exposures are only beginning to be
understood (Romieu et al. 1997; Alliance to End Childhood
Lead Poisoning and Environmental Defense Fund 1994).
Regulations designed to limit lead pollution are less common
and less likely to be enforced compared with those in devel-
oped countries (Romieu et al. 1997). In China, children are
exposed to lead from the industrial processes. To determine
blood lead level (BLL) and its risk factors among children
under seven and provide scientific evidence for prevention,
Child Hygiene Cooperation Center of WHO in China carried
out an investigation to monitor the BLL of children in 15
cities in China from 2004. Our group took charge of the study
in Chengdu, the biggest city in southwest China.

This investigation is a large population-based study
focusing on the health status of children under seven living
in Chengdu, China. We collected biomarkers, including
blood lead and child health datum points. Data were col-
lected from 938 children to assess BLL and analyze the
correlates. In this paper we describe the prevalence of lead
poisoning among these children living in Chengdu and
explore the correlation of lead toxicity.

Materials and Methods

Children under seven were eligible for inclusion in the
study. A total of 938 subjects were included. Half of them
were selected randomly from kindergartens and the other
half were discharged from hospitals within the past
4-8 months. All of them answered the same questionnaire.
All samples were collected when they came to the hospital.

Detailed information about health status was obtained
from the questionnaire. Parents’ occupation, inhabited
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environment, living habits, and health status were queried.
Health measures included a general (child) health ques-
tionnaire, birth history, body height, body weight and blood
tests for haemoglobin and lead. Medical technicians col-
lected the questionnaire and physical health measures;
project leaders monitored the data collection methods to
ensure quality and uniformity.

Fasting venous blood samples of all subjects were
obtained after a 30-min rest in a sitting position. Medical
technicians obtained whole venous blood samples using
standard techniques. All subjects’ laboratory samples were
analyzed for haemoglobin and lead. Haemoglobin was
assessed from the whole venous blood sample collected in
a Vacutainer tube (Becton—Dickinson, Franklin Lakes, NJ,
USA) containing ethylenediaminetetraacetic acid-tripo-
tassium salt (EDTA-K3). Blood lead was assessed from
whole venous blood sample collected in a Vacutainer tube
(Becton—Dickinson, Franklin Lakes, NJ, USA) containing
heparin lithium. All tests were performed within 1 h of
collection. All tests were done in the Department of Lab-
oratory Medicine, West China Second University Hospital,
Sichuan University, Chengdu, China. This laboratory sub-
scribes to the National System of External Assessment of
the Quality of Results and also to College of American
Pathology (USA). Only widely accepted test kits were
applied. Haemoglobin was assessed by a Sysmex XE-2100
Automated Hematology Analyzer (Sysmex, Japan) with
the appropriate calibrator, reagent kits, and quality control
processes. Blood lead was assessed by flame atomic
absorption spectroscopy (AAS) using BH2100-type tung-
sten boat atomic absorption spectrometer manufactured by
Beijing Bohui Chuangxin Photoelectric Technology Co.,
Ltd. Blood lead testing system was calibrated by Chinese
Institute of Technology with atomic absorption standard
reference materials. The daily internal quality control was
done using Norway Seronorm™ Trace Elements Whole
Blood quality control (LOTMR9607).

All the data from the questionnaires were input to Epi-
Data database. Elevated BLL was defined as higher than
100 pg/L, conforming to current US Centers for Disease
Control and Prevention (CDC 1991) and WHO guidelines
(1995). All subjects signed informed consent. The

investigation was carried out according to the principles of
the Declaration of Helsinki. This project was registered
with the Institutional Ethics Committee (West China Sec-
ond University Hospital, Chengdu, China) under number
075/08.

All children who had complete questionnaire data with
measured BLL were included in an exploratory analysis to
determine the correlates. All analyses were performed with
the Statistical Package of Social Sciences, Version 13.0
(SPSS, Inc., Chicago, IL, USA). Variance analysis was
used to assess the difference of BLL in each age group.
Logistic regression model was used to assess the risk fac-
tors of high BLL. Chi-square test was used to assess BLL
clinical correlates. p < 0.05 was considered statistically
significant.

Results and Discussion

We tested BLL in a total of 938 children. Of them, 77
(8.21%) had BLL > 100 pg/L. The mean BLL was
63.88 png/L. The BLL increased with age (Table 1).

Substitute of breast milk, living at the base floor or in
one-storey houses and houses near the streets are risk
factors (p < 0.05), (Table 2).

Clinical correlates with elevated BLL — such as night
terrors, biting stationery, impaired concentration, consti-
pation, difficulty in learning, anorexia, and spasm — were
assessed to determine possible association. Our result
showed that anorexia, spasm and impaired concentration
were significantly associated with increasing BLL (p <
0.05) (Table 3). We noticed that the blood haemoglobin
concentration was inversely associated with BLL. Pearson
Correlation coefficient r = —0.075 (p < 0.05).

Our result showed that 77 out of the 938 children
(8.21%) living in Chengdu had elevated levels of lead in
the whole blood. To assess the level of lead poisoning in
children in each area, CDC of American divided the
prevalence into three groups in 1997: (1) higher than 12%:
high epidemic area; (2) 6%—12%: moderate epidemic area;
(3) lower than 5.9%: low epidemic area. Chengdu is a
moderate epidemic area according to the criterion. There

Table 1 BLL in each age Age group (years)

High BLL/total subjects

BLL x + SD (pg/L) BLL variance analysis

group (F value)
0- 3/108 48.38 £ 21.69 9.343%%*
1- 6/101 60.53 £+ 24.94
2— 3/96 58.81 £ 19.63
3- 24/193 68.07 £+ 28.38
4- 16/178 68.89 + 23.88
5- 17/171 66.04 £+ 2591

- 6-7 8/91 70.20 £ 29.43
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Table 2 Logistic regression
model of risk factors of high

BLL

*p < 0.05, ** p < 0.01

Table 3 BLL clinical
correlates

Variables Coefficient Wald OR 95% CI
Houses beside the streets 0.653 6.214%%* 1.921 1.150-3.211
Feeding patterns 5.408
Breast milk 0.596 1.236 1.816 0.634-5.196
Substitute of breast milk —0.648 2.880% 0.523 0.247-1.106
Mixing 0.183 0.146 1.201 0.470-3.066
Animal milk —0.009 0.001 0.991 0.484-2.029
Canned food 0.123 0.081 1.131 0.486-2.635
Calcium medicament 0.226 0.782 1.254 0.759-2.070
Puffed food 0.052 0.039 1.053 0.630-1.759
Living scattered 0.071 0.065 1.073 0.623-1.849
Living at the base floor 0.614 4.273%* 1.848 1.032-3.309
or in one-storey houses
Clinical correlates Subjects with clinical Subjects with clinical 7
correlates/subjects correlates/subjects
with high BLL with low BLL
Anorexia 31/77 244/861 4.847*
Spasm 7177 30/861 5.864%*
Biting stationery 23/77 177/861 3.654
Constipation 18/77 202/861 0.000
Difficulty in learning 20/77 168/861 1.842
Impaired concentration 52/77 402/861 12.294%%*
Night terrors 20/77 231/861 0.026

* p < 0.05, ** p < 0.01

are about 10 million people in Chengdu, 10% of whom are
children. This means about 821,000 children had elevated
blood lead. Substitute of breast milk, living at the base floor
or in one-storey houses and houses near the streets are risk
factors (p < 0.05). It is a valuable evidence to control lead
exposure in children.

We found that BLL increased with age. The BLL of
babies under one was the lowest, while BLL in children
above three was higher. The reason may be that the chance
of contacting soil increased gradually after 1-year-old. The
absorptivity of lead in children was 5-10 times higher than
that in adults, but the excretory rate of lead in children was
lower than that in adults, which resulted in lead accumu-
lation in Children. This accorded with data recommended
by Advisory Committee on Childhood Lead Poisoning
Prevention (ACCLPP) (Bloch et al. 2000). So, lead
screening in children is strongly recommended every year
from three on. There is no evidence that BLL below a
threshold is harmless. So children will benefit from any
protective measures to reduce lead exposure.

Lead is an anthropogenic neurotoxicant now widely
dispersed around the world. Its presence in toxic concen-
trations among children seems to closely follow economic
and industrial development (Flegal and Smith 1992).
Accordingly, careful environmental, societal and economic

assessments of environmental lead exposure are important.
Successful childhood lead-poisoning prevention pro-
grammes in other countries can serve as models for regu-
lating anthropogenic lead pollution and enforcing existing
laws in China.

Our result showed that anorexia, spasm, and impaired
concentration were associated significantly with increasing
BLL and that the blood haemoglobin concentration was
inversely associated with BLL. So, those who have clinical
manifestations mentioned above should be screened to help
early intervention.

References

Alliance to End Childhood Lead Poisoning and Environmental
Defense Fund (1994) The global dimensions of lead poisoning:
an initial analysis. Alliance to End Childhood Lead Poisoning
and Environmental Defense Fund, Washington

Bloch AB, Rosenblum LR, Guthrie AM (2000) Recommendations for
blood lead screening of young children enrolled in medicaid:
targeting a group at high risk (Advisory Committee on Children
Lead Poisoning Prevention, ACCLPP). MMWR Recomm Rep
49:1-13

Canfeld RL, Henderson CR Jr, Cory-Slechta DA, Cox C, Jusko TA,
Lanphear BP (2003) Intellectual impairment in children with

@ Springer



Bull Environ Contam Toxicol (2010) 84:1-4

blood lead concentrations below 10 microg per deciliter. N Engl
J Med 348:1517-1526

Flegal AR, Smith DR (1992) Lead levels in preindustrial humans.
N Engl J Med 326:1293-1294

International Programme on Chemical Safety (IPCS) (1995) Inor-
ganic lead. Environmental health criteria 165. WHO, Geneva

Mendelsohn AL, Dreyer BP, Fierman AH, Rosen CM, Legano LA,
Kruger HA, Lim SW, Barasch S, Au L, Courtlandt CD (1999)

@ Springer

Low-level lead exposure and cognitive development in early
childhood. J Dev Behav Pediatr 20:425-431

Romieu I, Lacasana M, McConnell R, the Lead Research Group of
the Pan-American Health Organization (1997) Lead exposure in
Latin America and the Caribbean. Environ Health Perspect
105:398-405

US Centers for Disease Control (1991) Preventing lead poisoning in
young children. US Centers for Disease Control, Atlanta



	Environmental Lead Exposure Among Children in Chengdu, China: Blood Lead Levels and Major Sources
	Abstract
	Materials and Methods
	Results and Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


