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ABSTRACT

Introduction: Childhood lead exposure remains a public health concern, particularly in areas with informal occu-
pational activities. Household environmental and behavioral risk factors may influence blood lead levels (BLLs) in 
children. This study examined the association between household risk factors and BLLs among children in an urban 
Thai community. Methods: A cross-sectional study was conducted among 50 children aged 6–10 years residing in 
Wat Pradu subdistrict, Surat Thani province. Capillary blood samples were collected by the research team and sub-
mitted to the Office of Disease Prevention and Control 11, Nakhon Si Thammarat, for laboratory analysis of BLLs. 
Household risk factors were assessed with the PbC03 structured questionnaire, and households were classified into 
moderate- or high-risk categories. Descriptive statistics and Spearman’s correlation were applied, with significance 
set at p < 0.05. Results: The mean BLL was 4.81 ± 5.47 µg/dL, with 28.0% of children exceeding the reference value 
of 5 µg/dL. No child was categorized as low risk; 80.0% were moderate risk and 20.0% high risk. Significant cor-
relations were observed between BLLs and certain risk factors, including work involving lead around the household 
(rs = 0.420, p < 0.01) and not washing hands before meals (rs = 0.302, p < 0.05). The overall risk factor score was 
also positively correlated with BLLs (rs = 0.302, p < 0.05). Conclusion: Household risk factors, particularly unsafe 
parental occupational practices and inadequate child hygiene behaviors, were significantly associated with elevated 
BLLs in children. Interventions should prioritize reducing household lead contamination and promoting preventive 
behaviors to mitigate exposure risks in vulnerable communities.
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INTRODUCTION

Lead is a well-recognized toxic metal that can cause 
serious harm to human health, with children being 
particularly vulnerable[1,2]. Their bodies are still 
developing, the brain is proportionally larger and 
demands a greater blood supply, and the blood–brain 
barrier has not fully matured. These factors allow lead 
ions to cross into the nervous system by mimicking 
calcium, where they interfere with neural development 
and function [2,3]. Because of these vulnerabilities, 
childhood lead exposure has long been considered a 
major global public health problem. In 2019, it was 
estimated that more than 815 million children worldwide 

had blood lead levels (BLLs) above the threshold of 5 µg/
dL [4].

In Thailand, a number of communities have reported 
cases of elevated BLLs among children linked to 
environmental or occupational sources of contamination. 
One area of concern is Surat Thani province. In 2020, an 
eight-year-old boy was found with a BLL of 18.9 µg/dL, 
which increased to 41.2 µg/dL by 2024, underscoring 
the potential health and developmental consequences. 
More recent surveillance during the 2024 fiscal year 
screened 420 children considered at risk in Mueang 
district and identified 104 with moderate to high-risk 
scores. Laboratory testing confirmed one child with BLL 
≥25 µg/dL and five others with BLL ≥5 µg/dL in Wat 
Pradu subdistrict [5].

Field investigations suggest that many of the risks 
arise from household occupations and environmental 
conditions. Families involved in painting, spray-coating, 
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welding, soldering, electronic waste recycling, or net-
making often expose children to lead inadvertently. 
Affected children were frequently observed with 
anemia, recurrent illnesses, poor school performance, 
and developmental delays compared with their peers. 
These health impacts not only highlight the immediate 
clinical burden but also point to longer-term social and 
economic challenges for families and communities.

Although childhood lead exposure has been recognized 
globally and nationally, relatively few studies in Thailand 
have focused on how household environmental and 
behavioral risk factors influence BLLs in children. 
Evidence from southern Thailand, where informal and 
lead-related occupations are common, is especially 
limited. Addressing this knowledge gap is important 
for developing targeted community-based interventions 
and informing broader public health policy.

MATERIALS AND METHODS

Study Design
A cross-sectional study was conducted among 50 
children aged six to ten years residing in a municipality 
with known lead-related risks in southern Thailand.

Population and Sample Size
Children and their parents were recruited from 
households located in areas with a high potential for 
lead contamination. The study population comprised 
children residing in Wat Pradu subdistrict, Mueang 
district, Surat Thani province, which is situated near 
potential sources of lead pollution such as automobile 
repair garages and coffin-painting workshops. These 
areas were identified in collaboration with local health 
authorities as communities with elevated risk for 
household and occupational lead exposure.

Inclusion criteria were: (i) children aged between six 
and ten years, (ii) residence in the study area for at least 
six months prior to data collection, and (iii) parental or 
guardian informed consent. Exclusion criteria included 
children with a known diagnosis of congenital disease 
or medical conditions that might affect BLLs. The study 
protocol was reviewed and approved by the Institutional 
Ethics Committee (approval number WUEC-25-189-01).

A purposive sampling method was applied to ensure 
that participants were selected specifically from 
households with potential lead exposure. Recruitment 
was facilitated by community health workers, who 
introduced the research team to eligible families and 
assisted with communication and consent procedures. 
Based on the inclusion and exclusion criteria, a total of 
50 children were ultimately enrolled in the study.

Blood Lead Collection
Venous blood samples were collected using an aseptic 
technique into certified metal-free K2-EDTA tubes, with 

careful handling to minimize external contamination. 
All samples were transported in their original tubes to 
the Office of Disease Prevention and Control 11 (DPC 
11) under standard biospecimen handling procedures. 
For internal quality control (IQC), the laboratory used 
Bio-Rad Lyphochek Whole Blood Metal Control for 
routine verification of analytical accuracy. External 
quality assessment (EQA) was conducted through the 
National External Quality Assessment Scheme operated 
by the Department of Medical Sciences, Ministry of 
Public Health. Blood lead analysis was performed using 
graphite furnace atomic absorption spectrometry (GF-
AAS). GF-AAS results were validated against inductively 
coupled plasma mass spectrometry (ICP-MS), showing 
excellent agreement (r = 0.9988). The limit of detection 
(LoD) for BLL measurement was 2 µg/dL.

Household Risk Assessment
Household environmental and behavioral risk factors 
were assessed using the PbC03 structured questionnaire. 
PbC03 is the official childhood lead-exposure risk 
assessment tool for children aged 0–15 years, issued by the 
Division of Occupational and Environmental Diseases, 
Department of Disease Control, Ministry of Public 
Health, Thailand. The tool consists of four parts: general 
information of the child and household, assessment of 
potential household and occupational lead exposure, 
seventeen items covering environmental and behavioral 
risks, and risk classification based on cumulative scores. 
Each of the seventeen items is scored 0 (“No”) or 1 
(“Yes”) and then multiplied by a predefined risk weight 
ranging from 1.0 to 3.0, with higher weights assigned to 
items representing higher-risk exposure conditions (e.g., 
proximity to industrial sources or household activities 
involving lead). Weighted item scores were summed 
to obtain the total household risk score. According to 
the standard PbC03 criteria, households were classified 
into three groups: low risk (1–10 points), moderate risk 
(10–19 points), and high risk (≥ 19 points) [1].

Data Analysis
Descriptive statistics, including means, standard 
deviations, and percentages, were used to summarize 
sociodemographic characteristics, household risk 
factors, and BLL values. Participants were further 
classified based on the reference value of 5 µg/dL to 
determine the prevalence of elevated BLLs. Associations 
between household risk scores, specific risk factors, and 
BLLs were examined using Spearman’s rank correlation 
coefficient. Statistical analyses were performed with 
SPSS software version 28 (SPSS Inc., Chicago, IL, 
USA), and a p-value of less than 0.05 was considered 
statistically significant.

RESULTS

General Characteristics of Participants and Risk Factors 
for Lead Exposure
Among 50 children, males and females were equally 
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represented. The mean age of participants was 8.6 ± 1.1 
years, ranging from seven to ten years, with the largest 
group being nine years (28.0%). More than half of 
households reported parental lead-related occupations 
(64.0%), proximity to industrial sources (64.0%), and 
family members sleeping on the floor (64.0%). Frequent 
risk factors included storage of cleaning equipment 
indoors (68.0%), not showering or changing clothes 
immediately after work (56.0%), storage of lead-related 
materials or batteries inside the house (48.0%), and 
washing work clothes with other laundry (60.0%). For 
child-related behaviors, finger-sucking (74.0%), not 
washing hands before meals (78.0%), and staying around 
lead-related work areas (68.0%) were common, while 
48.0% had toys with peeling paint. Only one household 
(2.0%) reported a family history of lead poisoning (Table 
I).

Evaluation of Risk Factors for Lead Exposure
 Risk factors for lead exposure showed that none of the 
children were classified as low risk. The majority were 
categorized as moderate risk (80.0%), while 20.0% 
were identified as high risk (Table II).

Distribution of BLLs Among Children 
The mean BLL among the 50 participating children 
was 4.81 ± 5.47 µg/dL (3.00–41.20 µg/dL). Using the 
reference value of 5 µg/dL, 72.0% of the children had 
BLLs below this threshold, whereas 28.0% had elevated 
levels (≥ 5 µg/dL) (Figure 1).

Correlations Between BLLs and Risk Factors
Correlations between BLLs and household or behavioral 
risk factors among 50 children were found. A moderate 
positive correlation was observed for work involving 
lead conducted around the household (rs = 0.420, p < 
0.01). Children who often did not wash hands before 
meals also showed a moderate correlation with higher 
BLLs (rs = 0.302, p < 0.05). In addition, the overall 
household risk factor score demonstrated a moderate 
positive correlation with BLLs (rs = 0.302, p < 0.05) 
(Table III).

DISCUSSION

Globally, lead exposure remains a major public health 
threat, particularly for young children and women of 
child-bearing age[6–8]. According to the World Health 
Organization, lead affects multiple body systems and 
there is no level of lead exposure that is considered 
safe, in 2021, lead exposure contributed to more 
than 1.5 million deaths worldwide, largely through 
cardiovascular effects[6]. These impacts are entirely 
preventable, yet children remain especially vulnerable 
because they absorb proportionally more lead than 
adults and experience irreversible neurological and 
developmental consequences [9]. This global evidence 
emphasizes the importance of identifying household 
and environmental factors at the community level that 

Table I: General characteristics of participants and risk factors for 
lead exposure. Characteristics of 50 children including age, sex, and 
household or behavioral risk factors associated with lead exposure.

Variable n (%) 

Sex
     Male 25 (50.0)

     Female 25 (50.0)

Age (years)
     7 12 (24.0)

     8 11 (22.0)

     9 14 (28.0)

     10 13 (26.0)

Parent working in lead-related occupation
     Yes 32 (64.0)

     No 18 (36.0)

Work involving lead conducted around the household
     Yes 14 (28.0)

     No 36 (72.0)

House located near industrial sources
     Yes 32 (64.0)

     No 18 (64.0)

Presence of peeling wall paint in the house
     Yes 23 (46.0)

     No 27 (54.0)

Family members sleep on the floor
     Yes 32 (64.0)

     No 18 (64.0)

Cleaning equipment stored inside the house
     Yes 34 (68.0)

     No 16 (32.0)

After finishing lead-related work, parents usually do not 
shower or change clothes immediately
     Yes 28 (56.0)

     No 22 (44.0)

Storage of lead-related materials or equipment in the 
house, or presence of batteries kept indoors
     Yes 24 (48.0)

     No 26 (52.0)

Work clothes that have been worn are kept inside the 
house
     Yes 28 (56.0)

     No 22 (44.0)

Work clothes are washed together with other family 
clothes
     Yes 30 (60.0)

     No 20 (40.0)

Child frequently sucks fingers
     Yes 37 (74.0)

     No 13 (26.0)

Child frequently puts foreign objects or toys into the 
mouth
     Yes 26 (52.0)

     No 24 (48.0)

Child often does not wash hands before meals
     Yes 39 (78.0)

     No 11 (22.0)

Child sleeps with parent(s) who work in lead-related 
occupations
     Yes 25 (50.0)

     No 25 (50.0)

Child frequently stays around areas where lead-related 
work is performed
     Yes 34 (68.0)

     No 16 (32.0)

Child’s toys are made of materials with peeling paint

     Yes 24 (48.0)

     No 26 (52.0)

Family history of illness caused by lead poisoning

     Yes 1 (2.0)

     No 49 (98.0)
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Table II: Evaluation of risk factors for lead exposure. Classification of 
households based on risk factors for lead exposure among children 
(n = 50).
Risk level n (%)
Low 0 (0.0)
Moderate 40 (80.0)
High 10 (20.0)

Table III: Correlations between BLLs and risk factors. Correlations 
between BLLs and household or behavioral risk factors among 50 
children. Significant positive correlations were observed for work 
involving lead conducted around the household (rs = 0.420, p < 
0.01), for children who often did not wash hands before meals (rs = 
0.302, p < 0.05), and for the overall household risk factor score (rs 
= 0.302, p < 0.05).

Fig. 1: Distribution of BLL among children (n = 50). Distribution 
of BLLs among 50 children, showing the proportion below 5 µg/dL 
(72%) and those with elevated levels ≥5 µg/dL (28%).

Risk factor rs

1. Parent working in lead-related occupation 0.052

2. Work involving lead conducted around the household .420**

3. House located near industrial sources -0.113

4. Presence of peeling wall paint in the house -0.196

5. Family members sleep on the floor 0.026

6. Cleaning equipment stored inside the house 0.174

7. After finishing lead-related work, parents usually do not show-

er or change clothes immediately
0.112

8. Storage of lead-related materials or equipment in the house, or 

presence of batteries kept indoors
0.078

9. Work clothes that have been worn are kept inside the house -0.137

10. Work clothes are washed together with other family clothes 0.027

11. Child frequently sucks fingers -0.266

12. Child frequently puts foreign objects or toys into the mouth 0.197

13. Child often does not wash hands before meals 0.302*

14. Child sleeps with parent(s) who work in lead-related occu-

pations
0.072

15. Child frequently stays around areas where lead-related work 

is performed
0.013

16. Child’s toys are made of materials with peeling paint 0.092

17. Family history of illness caused by lead poisoning 0.274

Risk factor scores 0.302*

* p < 0.05, ** p < 0.01, statistically significant.

may contribute to elevated BLLs, even in areas without 
heavy industry.

In this study, lead exposure continues to be a relevant 
concern for children in southern Thailand. Although 
the average BLL among participants was relatively low 
at 4.81 µg/dL, at least one in four children exceeded 
the reference value of 5 µg/dL. This community from 
which the study’s data was collected is not located in 
a traditional industrial zone, suggesting that everyday 
household and occupational environments may still 
pose significant risks. 

The household assessment confirmed that none of 
the children lived in low-risk households. Most were 
classified as moderate risk, while one in five fell into the 
high-risk category. Importantly, higher BLLs were linked 
to specific factors such as working with lead around the 
household and poor hygiene practices, particularly not 
washing hands before meals. The cumulative household 
risk score was also positively associated with BLLs, 
underlining how multiple exposures within the home 
can combine to elevate risk. These findings are consistent 
with earlier research pointing to the importance of take-
home exposure and child hygiene in shaping lead levels 
[10,11]

When compared internationally, the prevalence of 
elevated BLLs observed here is lower than in heavily 
industrialized or highly contaminated regions, but 
similar to reports from communities with informal 
occupational activities. The detection of one child 
with a BLL above 40 µg/dL, however, highlights the 
presence of localized high-intensity exposures that 
warrant targeted interventions. Factors such as storing 
contaminated equipment inside the house and failing to 
change clothes or bathe immediately after work remain 
critical pathways, echoing findings from previous studies 
[11,12].

From a public health standpoint, these results underscore 
the value of household-level prevention. Practical steps 
such as promoting occupational hygiene among parents, 
proper storage of contaminated tools, and encouraging 
handwashing among children can all reduce ongoing 
exposure. Incorporating risk assessment tools like the 
PbC03 questionnaire into local surveillance systems may 
also help identify high-risk households early and support 
timely interventions. This study has some limitations. 
The cross-sectional design limits causal interpretation, 
and the small sample size reduces generalizability. 
Nevertheless, the findings provide important evidence 
of the link between household environmental and 
behavioral factors and BLLs in children, adding to the 
limited body of data available from southern Thailand.
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CONCLUSION

In this urban community in southern Thailand, more 
than one in four children had BLLs above the reference 
threshold, despite the overall mean being relatively low. 
Elevated BLLs were linked to household and behavioral 
factors, particularly parental work involving lead 
around the home and children not washing their hands 
before meals. Higher household risk scores were also 
associated with increased BLLs, suggesting that multiple 
overlapping exposures contribute to risk. These findings 
point to the need for simple but effective preventive 
measures, including reducing take-home contamination, 
storing equipment safely, and promoting basic child 
hygiene. Incorporating household risk assessments into 
local surveillance could help identify vulnerable families 
early and support interventions that protect child health.
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