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Introduction: In the era post leaded-gasoline use, the risk of exposure to environmental lead in Thai children
is not well described.  This is a pilot study using a risk assessment questionnaire to identify children with
elevated blood lead level.
Material and Method: Children from 4 communities, 2 in the Bangkok metropolitan area and 2 in Kanchanaburi
province, were recruited during their well child visits.  Blood lead levels were obtained in all children and
parents are asked to fill out a 25-item risk assessment questionnaire.
Statistical analysis: The relationship between the blood lead level and dependent variables were tested using
linear regression and one-way analysis of variance (ANOVA) as appropriate.
Results:  There were 296 children included in the study; 33 from Klong Toey and 114 from Siriraj community in
Bangkok while 149 were from two different communities in Kanchanaburi province.  The average blood lead
level was 5.65 + 3.05 mcg/dL.  The overall prevalence of children with blood lead level > 10 mcg/dL was 8.1%,
while that of the Klong Toey community was 12.5%.  The questionnaire identified 3 independent predictors
of elevated blood lead levels; the presence of peeling paint in or outside the house, eating paints chips, and
the geographic location of children.
Conclusion: Using a risk assessment questionnaire, together with obtaining blood lead level has proven
effective in identifying key environmental features associated with elevated blood lead level in children
from sampled Thai communities.  The challenge now is to conduct a larger epidemiological study of a similar
type in order to guide the screening and preventive efforts.
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In recent decades, environment and its effects
on the health of Thai children has been an issue of
great interest among not only health professionals, but

also educators and policy makers. There is little
doubt that exposure to toxic sources in our environ-
ment can have detrimental results on our children s
development, behavior, and other long-term health
outcomes. Up until 1997, exposure to environmental
lead, namely that from leaded gasoline, has been
associated with elevated blood lead levels in Thai
children (1, 2). Indeed, after the complete phase out of
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leaded gasoline, several Thai researchers have shown
that blood lead levels of Thai children and the general
population experienced a drastic decrease(3). Still, other
less-publicized sources of lead continue to threaten our
childrenûs environment, such as leaded house paints
and existence of cottage industries. Since the move-
ment toward a universal lead screening effort in chil-
dren in general has been dubbed as costly, ineffective
and poses an unnecessary burden on the already
strained health system, a targeted screening system,
whereby only those children with risk factors are
screened, can prove a more economical and cost-
effective measure for the present time(4, 5). Therefore,
finding risk factors for low level lead exposure in Thai
children becomes the priority in the continuing
campaign against lead poisoning in our children.

Material and Method
Recruitment

Children ages 6 months to 4 years who
received their medical care at Primary Care Units were
recruited to join the study. Children were recruited from
Primary Care Units (PCU) of two major provinces namely
Bangkok and Kanchanaburi provinces. Those recruited
in Bangkok were from two metropolitan communities
of Klong Toey (KT) and Siriraj (SI). Those recruited
from Kanchanaburi were from the urban center of
Pahol Bholpayuhasena Hospital (PB) and a rural
hospital of Tong Bha Pume (TBP). Risk assessment
questionnaire for lead exposure in the environment
were administered to caretakers of these children.

Risk assessment questionnaire
The questionnaire assesses the potential for

lead exposure inside the home of each child by
addressing 4 potentially associated factors i.e., exces-
sive hand-to-mouth activity manifested by eating paint
chips, lead contamination from an adultûs workplace,
the existence of cottage industry in the homes, and the
presence of house paints inside and outside the home.
For each child with a completed questionnaire, a blood
lead level was obtained by venous sampling and
collected using a heparinized vacutainer tube.

Blood lead analysis
The samples were analyzed using the

graphite furnace and atomic absorption method.

Statistical method
The relationship between the blood lead level

and dependent variables were tested using linear

regression and one-way analyses of variance (ANOVA)
as appropriate. To stabilize variance or normalize
skewed distributions, dependent variables underwent
logarithmic transformation whenever necessary.
Statistical significance was accepted as p < 0.05.

Results
There were 307 children recruited, of whom,

296 had both the completed questionnaires and blood
lead levels done. Their distributions among the 4
communities were, 69 from BP, 41 from KT, 83 from
Tong Bha Pume, and 114 from SI. Other characteris-
tics of the participants are described in Table 1 and 2.

There was no difference in age between both
sexes in our study. The average blood lead level (BLL)
was 5.65 + 3.050 mcg/dL in the over all population.
Average blood lead levels of all four communities
were as described in Table 3. There were significant
differences in blood lead levels among the different
geographical locations from the ANOVA. By multiple
comparisons, children sampled from the Klong Toey
community in Bangkok had significantly higher
blood lead levels than do children from the other 3
communities.

To normalize a skewed distribution, logarith-
mic transformation of the blood lead levels was
performed. By univariate regression analysis, we found
that the childûs age, the presence of peeling house paints
and a history of eating paint chips had significant
relationship to the log-transformed blood lead level.
The multiple linear regressions gave the following
equation (Table 6):

Natural Log (blood lead level) = 0.369 +
(0.115 peeling paint) + (0.510 eating paint chips) +
(0.067 child age).

Potential predictors for elevated blood lead concentra-
tion

When asked whether the child lived in painted
homes, 58% of the population report living in homes
that were painted, with the majority (71.7%) being
painted both inside and out. Of these, 6.8% report
having witnessed their children eating peeling paint
chips. Univariate regression analysis showed that
living in homes with peeling paint and observing
children eating paint chips were independent predic-
tors of elevated blood lead level.

While the childûs age in our study was young,
averaging at 1.66 + 1.39 years of age, the univariate
analysis showed that increasing age was an indepen-
dent predictor of increasing blood lead levels.
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In our population, 18.3% lived near a major
traffic intersection, 14.8% reported being able to smell
automobile fume exhaust from their homes, 15.6%
reported working in lead-related industries (Table 2).
Other factors such as proximity to a major traffic

intersection or history of parents working in factory
did not show significant correlation with increasing
blood lead level (Table 4).

Average blood lead levels from different
communities differ greatly in our study. Children from

Table 1. Participant characteristics (N=307)

Child age (year)                   1.66+1.39
Sex         52% male, 48% female
Blood Lead level (mcg/dL)                   5.65+3.05

- Family income (Baht/month) N (number answered) % of total
< 5,000   92 30.00
5,000-10,000 128 41.70
10,000-20,000   54 17.60
20,000-30,000   22   7.10
>30,000   11   3.60

- Type of homes
House 215 70.10
Commercial building     7   2.30
Temporary structure   17   5.60
Apartment/ condominium   34 11.20
Rented house     1   0.30
Homeless   32 10.50

- Duration of residence (years)
< 5 125 40.72
5-10   51 16.61
> 10 131 42.67

- Where does house paint exist in the home
Inside only   47 15.30
Outside only   40 13.00
inside and outside 220 71.70

- Community
Tong Bha Phume (TBP)   69 22.50
Klong Toey (KT)   41 13.40
Pahol Bholpayuhasena (PB)   83 27.00
Siriraj (SI) 114 37.10

Table 2. Prevalence of environmental characteristics from the risk assessment questionnaire (N=296)

Characteristics Number answered %

Painted house  (inside or out) 128 41.7
House with peeling paint   79 25.7
Eating paint chips   11   3.6
House near the traffic   73 18.3
Smell of automobile exhaust fume in the house   59 14.8
Residence member working in a factory with lead-related jobs   48 15.6
Cottage industry at home   38 12.8
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the Klong Toey community had the highest average
blood lead level of 7.89 mcg/dL, while those from
Siriraj community had the lowest average blood lead
level among the four communities in our study. The
location of children in our study was a significant
predictor of elevated blood lead levels (Table 5). The
overall prevalence of blood lead level being above 10
mcg/dL was 8.1% across the 4 sampled communities,
a number well below 12% which universal blood lead
screening had been recommended. However, when
examined individually, we found that 15.2% of the
population from Klong Toey had blood lead level
greater than 10mcg/dl, the proposed action limit for
children (Table 3).

Table 3. Average blood lead levels between the 4 communities

PB TBP KT SI Total

Number of cases 82 67 33 114 296
Average blood lead levels(mcg/dL)   5.56 + 2.56   5.57 + 3.10   7.89 + 2.15     5.11 + 3.31     5.65+3.05
Number of cases with BLL > 10mcg/dL   7   3   5     9   24
% of elevated BLL *   8.5   4.5 15.2     7.9     8.1

* defined as BLL > 10mcg/dl

Table 4. Univariate regression analysis summary for independent factors predicting the blood lead level***

Variable Coefficient confidence limits

Painted house 0.075 -0.041, 0.191
House with peeling paint 0.322  0.214, 0.430**
Eating paint chips 0.679  0.563, 0.795**
House located near the traffic -0.111 -0.253, 0.231
Smelling traffic in the house -0.017 -0.105, 0.071
Residence member working in a factory -0.013 -0.148, 0.122
Working in the house 0.1 -0.060, 0.260
Child s history of anemia 0.156 -0.004, 0.316
Child age 0.078  0.038, 0.119**
Sex 0.046 -0.069, 0.161

** p < 0.01
*** Blood lead concentrations were transformed by applying the natural log

Table 6. Multiple regression analysis for blood lead
concentration***

Coefficient confidence limits

Peeling paint 0.115* 0.001,-0.229
Eating paint chips 0.510** 0.356,-0.664
Child s age 0.067** 0.032,-0.102

* p < 0.05, ** p < 0.01
*** Blood lead concentrations were transformed by
       applying the natural log.
The intercept of the model was 0.369.

Table 5. One-way analysis of variance for BLL on dependent variables

Variable df F

Household Income 4   1.04
Type of home 5   0.97
Duration of residence 3   1.77
Painted surface 3   0.61
Location of patient sampled 3 11.55*

* p < 0.05
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Discussion
Screening for elevated blood lead levels

within a population has been the focus of numerous
studies through out the medical literature. With the age
of utilization management and medical economics,
preventive health measures are sometimes sacrificed
for cost-effectiveness. The American Academy of
Pediatrics guideline recommends universal screening
only when the prevalence of elevated level is greater
than 10 mcg/dl. Otherwise, targeted screening with risk
assessment questionnaire is recommended for screen-
ing of the general population. In our study, as in many
other studies conducted in Thailand after the complete
eradication of leaded gasoline(3). We found the
average blood lead level of children to be well below
the 10 mcg/dl range and the prevalence of elevated
blood lead level is also less than the that mentioned in
the AAP guideline.

Thus, the need to identify community-specific
risks for exposure to lead in the environment, leading
to elevated blood lead level, becomes the key issue in
the prevention effort in children. The use of a
standard, none population-specific risk assessment
questionnaire has been proven ineffective in screen-
ing for potential risks of lead exposure in specific
communities and the standard Center for Disease
Control (CDC) questionnaire may not target the right
risk factors in Thai communities(6-11).

The targeted screening performed in our study
identifies three key independent risk factors associated
with increased blood lead level in our population of
children, the presence of peeling paint in the homes,
the habit of eating paint chips and the association
of increasing blood lead level with increasing age.
Contrary to the popular theory that lead poisoning in
children is a result of indiscriminate hand-to-mouth
activities of young children, the positive association
of blood lead level with increasing age suggests that
lead exposure is a continuous threat through out child-
hood and its presence in our childrenûs environment
ubiquitous. Thus, making screening and prevention
issues more urgent and pressing than ever. The asso-
ciation between blood lead level and house paint is
also extremely poignant. Even in the United States
where content of lead in household paint has been
regulated for several decades, interior and exterior paint
is still identified as one of the major contributor to
lead found in household dust and soil, leading to
inadvertent exposure of young children(12-15). As a
result, environmental remediation is targeted at
reducing lead dust in childrenûs environment, as well

as finding effective measures for lead paint abatement.
Furthermore, the association between increas-

ing lead level and increasing age is an issue worth
exploring. Although the adverse effects of lead on the
neurocognitive, behavioral and psychological devel-
opment of very young children is well known, more
and more evidence suggest that continuous low-level
exposure can also have impact far into adulthood. Such
evidence serves to reiterate the importance of primary
prevention of lead exposure and the value of screening
questionnaire in identifying children who are at risk so
that blood lead levels can be obtained and monitored
while the comprehensive health assessment
commences(4, 16-19).

Finally, the differences in the prevalence of
elevated blood lead levels, from 4.5% in Bahol
Pholpayuhasena community to 15.2% in Klong Toey
community, is an important issue to address especially
when referring to lead exposure screening and preven-
tion in our childrenûs population. Although targeted,
screening is effective in most communities, the US
Center for Disease Control endorses universal
screening when prevalence of elevated lead level is
higher than 12% in any given community in order that
all the cases with elevated blood lead level be detected
and appropriate intervention begun(20).

Conclusion
Despite phasing out leaded gasoline use,

environmental lead exposure is still posing significant
health risks to children in the Thai communities. The
development of the population-specific questionnaire
and its use by the vigilant and conscientious
physician can help to delineate individuals in different
communities who possess differences in health
practices and environment, yielding varying degrees
risk for the exposure to lead. Such measures can help
to abate the prolonged exposure to lead that can result
in morbidities to our children. A large scale epidemio-
logical study should be undertaken to determine the
prevalence of elevated blood lead levels in various
communities in Thailand so that the information can
be used to re-evaluate the need for a more comprehen-
sive and universal screening plan for Thai children.
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