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ABSTRACT
Background Lead damages most body organs and its 
effects are most profound in children. In a study in Beirut 
in 2003, before banning the leaded gasoline, 79% of the 
participants showed blood lead levels (BLLs) higher than 
5 µg/dL. The prevalence of lead exposure in Lebanon 
after the ban on leaded gasoline has not been studied. 
This study assessed the BLL in Lebanese children aged 
1–6 years.
Methods This cross- sectional study was conducted in 
three hospitals in Beirut. The children’s BLLs were tested, 
and their caregiver completed a questionnaire to identify 
subgroups at risk of exposure. Participants were provided 
with a WHO brochure highlighting the risks of lead.
Results Ninety children with a mean age of 3.5±1.5 
years were enrolled in the study and had a mean BLL 
of 1.1±0.7 µg/dL, with all values being below 5.0 µg/
dL, showing a marked decrease in BLL compared with 
the mean BLL before the ban on leaded gasoline in 
2002. Having a father or a mother with a college 
degree (p=0.01 and p=0.035, respectively) and having 
a monthly household income greater than $1000 
(p=0.021) were associated with significantly lower 
BLL. Having more rooms at home and residing close to 
construction sites were associated with a significantly 
lower BLL (p=0.001 and p=0.026, respectively). Residing 
in a house aged >40 years and receiving traditional 
remedies were associated with a significantly higher BLL 
(p=0.009 and p<0.0001, respectively).
Conclusion BLLs have declined among Lebanese 
children and this could be attributed to multiple factors 
including the ban of leaded gasoline. It would be 
beneficial to conduct a larger study with a nationally 
representative sample to better characterise the BLL.

BACKGROUND
Lead is a metal that is used in multiple indus-
tries, and is an important environmental hazard 
contaminating water bodies and the atmosphere.1 
Lead enters the body through multiple routes and 
the acceptable blood lead level (BLL) has been 
constantly evolving. In 2012, the Centers for 
Disease Control and Prevention (CDC) moved 
away from the term ‘threshold for acceptable BLL’, 
and changed the reference level from 10 to 5 µg/
dL.2 Moreover, Public Health England in their 
2019 report recommended to lower the interven-
tional BLL level from 10 to 5 µg/dL.3 The CDC, 
Public Health England and the WHO recognise 
that no BLL is safe.1 3

The impact of inorganic lead toxicity is being 
increasingly recognised worldwide as it can result in 
multiorgan damage1 and is classified in category 2b 
(probably carcinogenic in humans) by the Interna-
tional Agency for Research on Cancer.4 Lead expo-
sure accounted for a million deaths in 2017, and 
over 24 million disability- adjusted life years, most 
of which occurred in low/middle- income devel-
oping countries.1 The Institute for Health Metrics 
and Evaluation estimates that lead exposure is 
responsible for 12.4% of the international burden 
of idiopathic intellectual disability,5 and it is nega-
tively associated with neurodevelopment in young 
children.2 6 Lead exposure can affect development 
by causing a reduction in IQ7 score (with a steeper 
slope in BLLs under 10 µg/dL8) and attention span, 
as well as an increase in antisocial behaviour,9 10 
aggression and learning difficulties, which consid-
erably impacts lives and nations.8

To address this matter, the second International 
Conference on Chemicals Management (Geneva, 
11–15 May 2009) commended the United Nations 
Environment Program and the WHO on estab-
lishing the Global Alliance to Eliminate Lead 
Paint (GAELP).11 According to the 2019 report on 
the progress of GAELP, 73 countries have legally 

What is already known on this topic?

 ► Lead is toxic to humans and has major effects 
on neurodevelopment.

 ► The Centers for Disease Control and Prevention 
and WHO recognise that there is no safe blood 
lead level.

 ► Prior to the introduction of laws banning leaded 
gasoline in Lebanon, Lebanese children had 
elevated blood lead levels.

What this study adds?

 ► Blood lead levels in Lebanese children have 
declined since the introduction of the law 
banning leaded gasoline.

 ► Lebanese children are still exposed to lead in 
various extents.

 ► It is necessary to spread awareness about 
certain environmental and behavioural 
exposures such as the use of firearms and the 
practice of traditional medicine.
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binding limits on trading leaded paints, of which only 3 are in 
the Arab world. Although Lebanon is working on establishing 
similar regulations, there are currently no laws in place that 
address this matter.12

In 2003, Nuwayhid et al13 showed that 14% of a sample 
of Lebanese children 1–3 years old had BLLs above 10 µg/dL. 
In 2001, the Lebanese parliament passed a law (law number 
341/2002) prohibiting the use of lead- containing gasoline in 
Lebanon as of 1 January 2002.14 Prior to that, approximately 
90% of cars in Lebanon operated on leaded gasoline.15 In their 
study, Nuwayhid et al recruited subjects between 1997 and 1998 
when the law 341/2002 had not been enacted yet.

Given that the only screening study in Lebanon was performed 
more than 20 years ago, before the ban on leaded gasoline, there 
is a need to perform a follow- up study to determine the changes 
in lead levels by measuring the BLL in a sample of Lebanese chil-
dren and identifying possible sources of exposure.

METHODS
Study setting
This cross- sectional study was conducted between August 2019 
and March 2020 at the emergency departments and paediatric 
clinics of the American University of Beirut Medical Center 
(AUBMC), Saint George Hospital (SGH) and Bahman Hospital 
(BH), which are all located in Beirut, the capital of Lebanon. 
Children aged 1–6 years were recruited in order to assess their 
BLL. Written consent was obtained from the primary caregivers 
of the children before enrolling them in the study.

Outcome measures
Recruitment occurred by convenience sampling whereby a 
research fellow was present during different times of the day 
to enrol participants. After written consent was obtained from 
the primary caregivers, the questionnaire was delivered by the 
recruiter (online supplemental appendix A and online supple-
mental document S1).

After completing the questionnaire, the primary caregivers 
were counselled about lead toxicity and were provided with the 
WHO brochure on lead poisoning. Permission was obtained 
from the WHO to translate and reproduce the brochure, so the 
brochure was provided in both English and Arabic to better reach 
the Lebanese population (online supplemental appendix B).

For every participant, blood was drawn by a certified phle-
botomist or nurse and placed in a metal- free EDTA tube. The 
samples were analysed at Bio Scientia Laboratories in Germany, 
which reported the BLL in μg/dL. After the BLL was reported 
to AUBMC, the primary caregivers were informed of the results 
and necessary interventions.

Statistical analysis
Statistical analyses were performed using the SPSS (IBM SPSS 
V.25.0). Categorical variables were presented as frequency tables 
and continuous variables were presented as means and SDs. The 
participants were stratified according to the median BLL (0.9 µg/
dL). The association between the stratified BLL and categorical 
variables was carried out using the Χ2 and Fisher’s exact tests. 
Student’s t- test was used for the association with continuous 
variables. Multivariate analysis was performed to control for 
confounding variables. The results of the multivariate analysis 
were presented by the adjusted OR with a CI of 95%. A p value 
of <0.05 was considered statistically significant (online supple-
mental document S1).

Further details of the methodology can be found in the online 
supplemental material.

RESULTS
Demographics and socioeconomic status
Between August 2019 and March 2020, 90 participants were 
recruited in our study with 70.0% recruited at AUBMC, 22.2% 
at SGH and 7.8% at BH. The mean age was 3.5±1.5 years, and 
most were boys (63.3%). The mean BLL was 1.1±0.7 µg/dL 
and the median was 0.9 µg/dL with an IQR of (0.6–13) µg/dL. 
Most parents had a college level education (58.9% of fathers and 
71.1% of mothers), and the majority had a monthly household 
income of greater than $1000. Having a father or a mother with 
a college degree (p=0.01 and p=0.035, respectively) and having 
a household income greater than $1000 (p=0.021) were associ-
ated with significantly lower BLL (table 1).

Child’s health status
Most of the participants were previously healthy (65.6%). None 
had previously been diagnosed with lead toxicity, and only one 
participant had a sibling who had previously been tested for lead 
toxicity but had normal BLL (table 1).

Residential environment and household exposures
The mean number of people residing at the child’s house was 
4.7±1.5 people and the mean number of rooms was 4.5±1.7 
rooms. Having more rooms at home was associated with a 
significantly lower BLL in the child (p=0.001). Half of the chil-
dren resided in houses/buildings aged over 20 years, and 21.1% 
resided in houses aged over 40 years. Having ever resided in a 
house aged >40 years was associated with a significantly higher 
BLL (p=0.009). Thirty- three caregivers (36.7%) reported that it 
has been more than 5 years since the inside walls of the house 
have been painted, and 53.3% reported that there is paint visibly 
chipping inside the house. Most children (63.3%) resided within 
300 m of pollution- generating sites (such as heavy traffic roads, 
car repair shops, firing ranges, etc), 24.4% resided close to 
construction sites and 44.4% close to factories. Residing in the 
vicinity of construction sites was associated with significantly 
lower BLL (p=0.026) (table 2).

Lifestyle and dietary exposures
Approximately one- fifth (21.1%) of the caregivers reported 
using tap water in preparing food/drinks for the child and 
22.2% reported that their child consumes canned food. Eight 
caregivers (8.9%) reported that they apply kohl (lead- containing 
eye makeup) to the child’s face. Eleven (12.2%) reported that 
the child receives a form of traditional medicine, and 36.7% 
reported being involved in rituals such as ‘Bakhour’ and lead 
pouring/melting for ‘evil eye’. Receiving a form of tradi-
tional medicine was associated with significantly higher BLL 
(p<0.0001) (table 2).

Multivariate analysis
Multivariate logistic regression was performed to assess the 
association between the different characteristics of the partic-
ipants and the BLL (table 3). We accounted for statistically 
and clinically significant participants’ variables namely: age, 
gender, level of education of the father, level of education of the 
mother, household income, chronic health problems, residing 
in a house more than 40 years old, involvement in recreational 
firearm use, number of rooms in the house (excluding bath-
room and kitchen), and the presence of construction sites 
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near the child’s residence. We did not account for the ‘Child 
receiving traditional medicine’ variable since all the partici-
pants who indicated to receive traditional medicine had BLL 
above 0.9 µg/dL. Children residing in smaller houses were 1.7 
times more likely to have a BLL above the median (p=0.043). 
Children residing in houses older than 40 years were found 
to be 8.6 times more likely to have a BLL above the median 
(p=0.002). Children whose caregivers were involved in recre-
ational firing of guns were 6.1 times more likely to have a BLL 
that was above the median (p=0.006).

DISCUSSION
This study aimed at assessing the BLL in Lebanese children 
aged 1–6 years from three different hospitals and identifying 
subgroups at risk of exposure. Similar to the progression seen in 
the USA,16 17 our study findings suggest that BLLs have declined 
among Lebanese children compared with the study in 2003, 
where 79% of the samples showed levels higher than 5 µg/dL.13 
This decrease is more profound than the one seen in Palestine, 
as depicted by a study done in 2013, showing that 4.5% of 
children had BLL above 10 µg/dL,18 compared with 5.2% in a 
previous study.19 Additionally, our sample’s mean of BLL was 
lower than the pooled mean BLL reported in a systematic review 
for studies in 34 low/middle- income countries.20 The decrease in 
lead levels in Lebanon can be attributed to various factors which 
are detailed in the following sections.

Socioeconomic and educational status
The socioeconomic status had an impact on lead levels. A 
monthly household income of greater than $1000, which is 
above the poverty line of $420, was associated with a lower 
BLL. Moreover, the number of rooms at home was inversely 
associated with BLL, and this could be an indirect indicator of 
socioeconomic status as people with higher income are usually 
capable of residing in larger houses than others. In fact, even 
at the multivariate analysis level, children residing in smaller 
houses were 1.7 times more likely to have a BLL above the 
median (p=0.043). Furthermore, residing close to construction 
sites was associated with significantly lower BLL. This could 
be due to the fact that construction sites might predict that the 
neighbourhoods where the children are residing are relatively 
newer, which could indicate a relatively better socioeconomic 
status, where parents can afford living in a new house.

Moreover, a higher level of education of either of the primary 
caregivers was associated with a lower BLL. In fact, the parental 
educational level has been associated with a better health status 
in Middle Eastern children.21

Environmental factors
Residing in houses older than 40 years was associated with 
having higher BLL. In fact, at the multivariate level of analysis, 
these children were found to be 8.6 times more likely to have 
a BLL above the median (p=0.002). It is well established that 
chipping paint, especially old lead- containing paint, is a major 
source of lead exposure.1 10 22 23 In fact, old decaying paints in 
developing countries including Lebanon were shown to contain 
exceedingly high levels of lead, some brands reaching levels as 
high as 537 times the amount of lead found in paints sold in the 
USA.11 Moreover, tap water delivered by lead- soldered pipes can 
also be another source of lead,13 particularly in old houses where 
the pipes would have decayed with time, thereby increasing lead 
concentration in the household’s consumed water.

In 1988, law number 64/1988 was passed in Lebanon to protect 
the environment; however, although it included lead- containing 
products on the list of hazardous pollutants, it did not contain 
any specific items banning lead- containing products.24 On the 
other hand, in 2001, another Lebanese law (number 341/2002) 
was passed and it prohibited the use of lead- containing gasoline 
in Lebanon as of 1 January 2002.14 In their study, Nuwayhid et 
al recruited patients between 1997 and 1998. Back then, law 
number 341/2002 had not been passed yet, and this could be 
one of the major factors explaining the decrease in the mean 
BLL since then. Similar to the ban on leaded gasoline, intro-
ducing and enacting laws to eliminate the use of lead- containing 

Table 1 The characteristics of selected paediatric patients and their 
health status presenting to three hospitals in Beirut stratified by their 
blood lead level in comparison with the median of 0.9 µg/dL

Characteristics of 
participants

Total
(N=90)
N (%)

Below 
median
(N=45)
N (%)

Above 
median 
(N=45)
N (%) P value

Age (years) (mean±SD) 3.5±1.5 3.4±1.6 3.6±1.7 0.342

Age groups (years)

  1–2 39 (43.3) 22 (48.9) 17 (37.8) 0.499

  3–4 33 (36.7) 14 (31.1) 19 (42.2)

  5–6 18 (20) 9 (20) 9 (20)

Blood lead level (µg/dL) 0.2–4.0 0.2–0.9 0.9–4.0 N/A

Survey location

  AUBMC 63 (70.0) 31 (68.9) 32 (71.1) 0.886

  SGH 20 (22.2) 11 (24.4) 9 (20)

  Bahman Hospital 7 (7.8) 3 (6.7) 4 (8.9)

Sex

  Male 57 (63.3) 25 (55.6) 32 (71.1) 0.189

  Female 33 (36.7) 20 (44.4) 13 (28.9)

Number of siblings 1.4±1.2 1.2±0.9 1.5±1.4 0.194

Level of education of the 
father or caregiver 1

  Less than college 37 (41.1) 12 (26.7) 25 (55.6) 0.010

  College level 53 (58.9) 33 (73.3) 20 (44.4)

Level of education of the 
mother or caregiver 2

  Less than college 26 (28.9) 8 (17.8) 18 (40) 0.035

  College level 64 (71.1) 37 (82.2) 27 (60)

Monthly household income

  Less than $1000 20 (22.2) 5 (11.1) 15 (33.3) 0.021

  More than $1000 65 (72.2) 40 (88.9) 30 (66.7)

Health status of participants

  Child with a chronic 
health condition

31 (34.4) 11 (24.4) 20 (44.4) 0.075

  Child known to have had 
iron- deficiency anaemia 
or to have taken iron 
supplements

15 (16.7) 9 (20) 6 (13.3) 0.573

  Child displays pica 
behaviour

10 (11.1) 3 (6.7) 7 (15.6) 0.315

  Child’s mother or siblings 
having been tested for 
lead toxicity

1 (1.1) 1 (2.2) 0 1.000

  Child’s mother having 
consumed tobacco 
products during 
pregnancy

7 (7.8) 2 (4.4) 5 (11.1) 0.434

Bold italics type denotes p valus is 0.01.
AUBMC, American University of Beirut Medical Center; N/A, not applicable; SGH, 
Saint George Hospital.
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paint could be beneficial by further reducing lead exposure.1 22 
In fact, in the USA, it was estimated that around 88% of chil-
dren between 1 and 5 years of age had elevated BLLs in 1980.16 
This prevalence dropped massively to around 3% in 1995, and 
to less than 1% in the year 2014.16 17 This decrease is due to 
multiple precautions such as eliminating lead- containing paint 
and phasing out leaded gasoline.1 22

Parental practices
The use of traditional medicine was associated with significantly 
higher BLL. In fact, although we only had 11 children who were 
receiving traditional medicine, they all had above- median BLL. 
This result is worrisome as such therapies have not been thor-
oughly studied and are regulated as dietary supplements rather 
than drugs. They also contain some products including lead and 
other metals which are toxic to the human body.25 There are 
multiple reports in literature about lead poisoning incidents that 
were attributed to the use of traditional medicine.26–28 In fact, in 
2012 an outbreak of lead poisoning occurred in Durban, South 

Table 2 The residential environment and household exposures and lifestyle and dietary exposures of selected paediatric patients presenting to 
three hospitals in Beirut stratified by their blood lead level in comparison with the median of 0.9 µg/dL

Residential environment and household exposures
Total (N=90)
N (%)

Below median (N=45)
N (%)

Above median (N=45)
N (%) P value

Number of people living permanently at home 4.7±1.5 4.8±1.3 4.6±1.6 0.618

Number of rooms in the house (excluding the bathroom and kitchen) 4.5±1.7 5.1±2.0 3.9±1.1 0.001

Smokers at home 63 (70.0) 31 (68.9) 32 (71.1) 1.000

Type of smoking (choose multiple)

  Cigarettes 44 (69.8) 21 (46.7) 23 (51.1) 0.833

  Hookah or water pipe 28 (44.4) 13 (28.9) 15 (33.3) 0.820

  Cigar 3 (4.8) 2 (4.4) 1 (2.2) 1.000

  Other 3 (4.8) 3 (6.7) 0 0.242

Parents smoking in closed areas 41 (45.6) 21 (46.7) 20 (44.4) 1.000

Residence age in which the child currently resides

  <20 years 45 (50) 25 (55.6) 20 (44.4) 0.399

  >20 years 45 (50) 20 (44.4) 25 (55.6)

Last time the walls of the house (or any room) were painted

  <5 years 57 (63.3) 30 (66.7) 27 (60) 0.662

  >5 years 33 (36.7) 15 (33.3) 18 (40)

Previous child residency that was more than 40 years old 19 (21.1) 4 (8.9) 15 (33.3) 0.009

Visible paint chipping in any part of the house 48 (53.3) 22 (48.9) 26 (57.8) 0.526

Presence of pollution- generating sites within 300 m of residence 57 (63.3) 31 (68.9) 26 (57.8) 0.382

Presence of construction sites within 300 m of residency 22 (24.4) 16 (35.6) 6 (13.3) 0.026

Presence of factories within 300 m of residency 40 (44.4) 20 (44.4) 20 (44.4) 1.000

Lifestyle and dietary exposures

Presence of a water well that is used for the building 47 (52.8) 20 (45.5) 27 (60) 0.205

Presence of a tap or well water used for the child food or drinks 19 (21.1) 9 (20) 10 (22.2) 1.000

Child consuming canned (metal) food 20 (22.2) 9 (20) 11 (24.4) 0.800

Use of trusted spice sources 61 (67.8) 32 (71.1) 29 (64.4) 0.652

Child eating in or playing with pottery 4 (4.4) 2 (4.4) 2 (4.4) 1.000

Applying kohl to the child 8 (8.9) 5 (11.1) 3 (6.7) 0.714

Child using or playing with any other cosmetics 30 (33.3) 16 (35.6) 14 (31.1) 0.823

Child using or playing with any jewellery 17 (18.9) 6 (13.3) 11 (24.4) 0.281

Child receiving traditional medicine 11 (12.2) 0 11 (24.4) <0.0001

Performing lead melting for ‘evil eye’ or use of Bakhour 33 (36.7) 14 (31.1) 19 (42.2) 0.382

History of child travel 31 (34.8) 19 (43.2) 12 (26.7) 0.123

Involvement of the child or parents in recreational firearm use 20 (22.2) 7 (15.6) 13 (28.9) 0.204

Involvement of the child or parents in car/home repair activities 22 (24.4) 12 (26.7) 10 (22.2) 0.807

Involvement of the child or parents in painting activities 4 (4.4) 2 (4.4) 2 (4.4) 1.000

Bold italics type denotes p valus is 0.01.

Table 3 Multivariate logistic regression analysis to assess the 
association between the different characteristics of the participants 
and the blood lead level*

aOR Significance 95% CI

Level of education of the father 
or caregiver 1

0.4 0.089 0.12 to 1.16

Residing in a house more than 
40 years old

8.6 0.002 2.22 to 33.45

Involvement in recreational 
firearm use

6.1 0.006 1.69 to 22.33

Number of rooms in the house 
(excluding bathroom and 
kitchen)

0.6 0.043 0.38 to 0.98

Bold italics type denotes p valus is 0.01.
*Accounting for: age, gender, level of education of the mother or caregiver 2, 
household income, chronic health problems, presence of construction sites within 
300 m of home.
aOR, adjusted OR.
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Africa, which was attributed to the use of traditional medication 
that turned out to contain high levels of lead.28 This calls for 
regulations that should better control the use of such medica-
tion, and awareness campaigns that would inform people about 
their side effects.

Children whose caregivers were involved in recreational 
firearm use were 6.1 times more likely to have an above- median 
BLL. Although this was not statistically significant at the bivar-
iate level, it was statistically significant at the multivariate level 
after controlling for other confounders (p=0.006). We noticed 
that the ‘Number of rooms in the house (excluding bathroom 
and kitchen)’ variable has a confounding effect on the correla-
tion between the ‘Involvement in recreational firearm use’ and 
the BLL. The use of recreational firearms has been associated 
with elevated BLL in multiple studies.29–31 A review done in 
2017 concluded that all participants who engaged in recreational 
firearm use had elevated BLL.31 Given that, children of parents 
who engage in such activities might be indirectly exposed to lead 
from their parents either through particles remaining on clothing 
or skin, or by other mechanisms. Informing people who partic-
ipate in these activities about the potential health hazards of 
lead on them and their families might motivate them to develop 
safe- use habits such as wearing disposable personal protective 
equipment while using the firearms and showering right after.

Future steps
It would be important to educate primary care physicians and 
paediatricians on the importance of identifying risk factors of 
lead exposure in their paediatric patients. It might be beneficial 
for physicians to screen children using questions about the socio-
economic status, environmental exposures, the use of traditional 
remedies, among others. This could identify children who are at 
highest risk of lead exposure and might warrant blood screening 
and/or interventions.

Limitations
This study assessed the paediatric population in three centres all 
located in the capital of Lebanon. The results might therefore 
not be generalisable to more rural areas away from the capital. 
However, we enrolled patients from outpatient clinics who 
generally come from rural areas. Furthermore, we did not assess 
the cognitive ability of the patients at their enrolment. More-
over, due to the COVID- 19 pandemic, patient recruitment had 
to be halted prematurely as it became increasingly difficult to be 
present at different hospitals and to transport blood products 
between institutions.

CONCLUSION
BLLs have declined among Lebanese children and this could 
be attributed to multiple factors including the introduction of 
the law banning leaded gasoline in Lebanon. We encourage the 
public health authorities to conduct a larger study with a nation-
ally representative sample to better characterise the lead levels 
in children residing in different areas in Lebanon. However, as 
there is no safe BLL, it remains crucial to have a clear regulation 
in place to eliminate the use of lead additives in all products 
including leaded paint.
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Lead Exposure Screening in Pediatric Patients Presenting to 4 Hospitals in Beirut, Lebanon. 
لبنان بیروت، في مستشفیات أربعة إلى القادمین األطفال لدى للرصاص التعرض عن الكشف   

STUDY QUESTIONNAIRE  الدراسة استبیان  
 

I. Socio-Demographics  

االجتماعیة-السكانیة التركیبة  
 

1 
Survey location 

 موقع الدراسة

 AUBMC                                                / الجامعة االمریكیة في بیروت   
 MGH                                                             / مستشفى المقاصد العام 

 Rafik Hariri University Hospital      / مستشفى رفیق الحریري الجامعي   

 Bahman Hospital                                                    / بھمن مستفشى  

2 
Study ID 

 رقم تعریف المشترك

 
 

3 
Interviewer initials 

للباحث األولى األحرف  

 
 

4 
 

Date/Time 
وقتال/  تاریخال  

 
 

 
 

5 
 

Birth date 
الوالدة تاریخ  

 
 

 
 

6 
Sex 

جنسال  

 

 Male     ذكر 
 Female   انثى 

 

7 
Area of residence 

اإلقامة منطقة  

 

 Neighborhood (Area Postal Code)                              : حيال  
 

 Street                                                                            : شارعال  
 

 Does not want to answer                        االجابة عن السؤال رفض 
 

8 
Number of siblings 

 عدد االنسباء/االخوة

 
 
 

9 

Level of education of the Father or 
Caregiver 1 
 

۱ الرعایة مقدم أو لألب التعلیمي المستوى  

 

 No Formal Education                                     رسمي تعلیم دون  

 School  مدرسة                                                                         

 High/Technical School فنیة/  ثانویة مدرسة                                 

 College  جامعة                                                                        
 

10 

Level of education of the Mother or 
Caregiver 2 
 

۲ الرعایة مقدم أو لألم التعلیمي المستوى  

 

 No Formal Education رسمي تعلیم دون                                       

 School  مدرسة                                                                         

 High/Technical School                                فنیة/  ثانویة مدرسة  

 College                                                                         جامعة 
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11 
Profession of the Father or Caregiver 1 
 

۱ الرعایة مقدم أو األب مھنة    

 
 
 
 
 
 

12 

Profession of the Mother or Caregiver 
2 
 

۲ الرعایة مقدم أو األم مھنة  

 
 
 
 
 
 

13 
Household Income 

األسرة دخل  

 

 No income دخل ال                                                                   

 Less than 500$ دوالر 500 من أقل                                             

 Between 500 and 1000$ دوالر 1000 و 500 بین                          

 Between 1000 and 5000$ دوالر 5000 و 1000 بین                  

 Greater than 5000$ دوالر 5000 من أكثر                                    

 Refused to answer اإلجابة رفض                                               
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II. Child's Health Status 

للطفل الصحیة الحالة  

 

14 
Child’s overall health status 

للطفل الحالة الصحیة العامة  

 

 Favorable/Healthy   ة           مواتیة / صحی 

 Neutral                                            محاید

 Poor/Unsatisfactory  ة/ غیر مرضی ضعیفة  
 

15 

Is the child known to have had iron deficiency anemia or 
taking iron supplements? 

ھل كان الطفل یعاني من فقر الدم بسبب نقص الحدید أم أن الطفل یتناول 
 مكمالت الحدید؟

 

 Yes     نعم                                             

 No                                                 كال    

 Not sure                                  غیر متأكد   
 

16 

Does child display Pica behavior (persistent consumption 
of non-edible objects like clay, sand, dirt, paint)? 
ھل یظھر الطفل سلوك بیكا (االستھالك المستمر لألشیاء غیر الصالحة لألكل 

واألوساخ والطالء)؟مثل الطین والرمل   

 

 Yes           نعم                                       

 No                                             كال        
 

17 
Has the child been previously diagnosed with high blood 
lead level? 

ً  تم ھل الدم؟ في الرصاص مستوى بارتفاع الطفل تشخیص سابقا  

 

 Yes        نعم                                          

 No                                               كال      
 

18 

Has the mother or any of the child’s siblings been found to 
have elevated blood lead levels on previous testing? 
 

الرصاص من مرتفعة مستویات لدیھم الطفل أشقاء من أي أو األم أن تبین ھل  
سابقة؟ اختبارات في الدم في  

 

 Mother                       األم                      

 Sibling                                       أخت/أخ 
 Both                                                ماأل  

                                    واإلخوة
 

20 

 
Have the child’s mother or siblings been tested for lead 
toxicity? 

بسمیة مصابین كانوا إذا لمعرفة أشقائھ أو الطفل والدة اختبار تم أن سبق ھل  
 الرصاص؟

 

 

 Mother                         األم                   

 Sibling                                      أخت/أخ 
 Both                  واإلخوة األم                      

 

21 
Did the mother smoke during pregnancy? 

 ھل دخنت األم أثناء الحمل؟

 

 Yes        نعم                                         

 No                                             كال       
 

22 
Did the mother chew any tobacco products during 
pregnancy? 

الحمل؟ أثناء تبغ منتجات أي األم مضغت ھل  

 

 Yes       نعم                                          

 No                                              كال      
 

23 
Does the child have any retained bullets? 

 ھل لدى الطفل أي رصاصات متبقیة؟
 

 

 Yes     نعم                                            

 No                                                   كال 
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III. Residential Environment and Household Exposures: 
      :البیئة السكنیة والتعرض المنزلي

 

24 
Number of people living permanently at home 

 عدد األشخاص الذین یعیشون بشكل دائم في المنزل

 

25 
Number of rooms in home (excluding the bathroom and 
kitchen) 

 عدد الغرف في المنزل (باستثناء الحمام والمطبخ)

 

26 
 

Number of smokers living the home 
 عدد المدخنین الذین یعیشون في المنزل

 

27 
Type of smoking (choose multiple) 

 نوع التدخین (اختیار متعدد)

 

 Cigarettes السجائر                                 

 Arguileh    نرجیلة                                 

 Cigar    سیجار                                       

 Other:   غیر ذلك                                     
________________________ 
 

28 
Do you smoke inside the house or in the car? (Excluding 
balcony or garden) 

 ھل تدخن داخل المنزل أو في السیارة؟ (باستثناء الشرفة أو الحدیقة)

 

 House منزلال                                         

 Car السیارة                                             

 None   ال شیئ                                        
 

29 
Age of building 

 عمر البناء
 

 

 > 40 years (سنة) 

 20 - 40 years (سنة)  

 < 20 years (سنة) 

 Not sure  غیر متأكد 
 

30 
 

When was the last time the walls of the house (or any 
room) got painted? 

 متى كانت آخر مرة تم طالء جدران المنزل (أو أي غرفة)؟

 

 Last 5 years سنوات 5آخر                           

 Last 10 years سنوات 10آخر                       

 Last 20 years سنة 20آخر                           

 Not sure  غیر متأكد                                   
 

31 
Has the child resided in a previous house that is more than 
40 years old? 

سنة؟ 40ھل أقام الطفل في منزل سابق عمره أكثر من   

 

 Yes     نعم                                              

 No                                                كال      
 

32 
Is the paint visibly chipping in any part of the house? 

بشكل واضح في أي جزء من المنزل؟ متشقق او متكسر ھل الطالء  

 

 Yes       نعم                                           

 No                                               كال      
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Is there any of the following facilities within 300 m of you home?     

م من منزلك؟ 300ھل یوجد أي من المرافق التالیة على مسافة   

  HOUSE          المنزل 

  
Yes 
 نعم

No 
 كال

Don’t know 
 ال اعلم

33 
Petrol station 

    محطة بنزین

34 

Car repair shops / Motor vehicle parts and 
accessories / Other repair shops 

محالت تصلیح السیارات / قطع غیار السیارات 
    وملحقاتھا / محالت تصلیح أخرى

35 
Storage/recycle car batteries (lead batteries) 

تدویر بطاریات السیارات (بطاریات تخزین / إعادة 
    الرصاص)

36 
Factories 

    مصانع

37 
Heavy traffic road 

    طریق مرور كثیف

38 
Bridge or tunnel 

    جسر أو نفق

39 
Firing ranges 

    نطاقات اطالق النار

40 
Construction sites 

    مواقع البناء

41 
Cement factory 

االسمنتمصنع      

42 
Brass/copper foundries 

    مسابك النحاس / النحاس

43 
Waste incineration plant 

 مصنع حرق النفایات
    

44 
 

Site where waste (all wastes/ hazardous 
and/or 
chemicals) is dumped 

نفایات (جمیع النفایات / الخطرة و  مكبموقع 
)أوالمواد الكیمیائیة /     
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45 
Recycling plant 

    مصنع إعادة التدویر

46 
Metalwork business 

    األعمال المعدنیة

47 
Secondary smelting and refining of 
nonferrous metals 

    الصھر الثانوي وتكریر المعادن غیر الحدیدیة

48 
Plumbing fixture fittings and trim 

    تركیبات وتقلیم أجھزة صحیة

49 
Pottery making 

    صنع الفخار

50 
Chemical and chemical preparations 

    المستحضرات الكیمیائیة

51 
Site where solvents are used (e.g. painting 
business) 

المذیبات (مثل أعمال الطالء)الموقع الذي تستخدم فیھ      

52 
Inorganic pigments 

    أصباغ غیر عضویة

53 
Industrial machinery and equipment 

    اآلالت والمعدات الصناعیة

54 
Steel plant 

المعادن مصنع لصب     

55 
Carpentry 

    اعمال النجارة

56 
Glass factory 

    مصنع الزجاج

57 
Tannery business 

    أعمال المدابغ

58 
Site where batteries/candles are produced 

    الموقع حیث یتم إنتاج البطاریات / الشموع

59 
Metal smeltery 

    صھر المعادن

60 
Power plant using coal, oil, wood etc. 
    محطة تولید الكھرباء باستخدام الفحم والنفط والخشب الخ

61 
Other (specify) 

  غیر ذلك (حدد)
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IV. Lifestyle and Dietary Exposures 

الغذاء درامص خالل من والتعرض الحیاة نمط  

 

62 
Do you have a water well that is used for the 
building? 

للمبنى؟ یستخدم ماء بئر لدیك ھل  

 Yes      نعم                                                        

 No                                                       كال          

 No answer                                             ال اجابة 
 

63 

If yes to above, has the water well been tested for 
lead level? 

لمعرفة الماء بئر اختبار تم فھل ، أعاله بنعم اإلجابة كانت إذا  
المیاه؟ في الرصاص مستوى  

 

 Yes             نعم                                                 

 No                                                 كال                 

 No answer                                             ال اجابة 
 

64 
Does the child drink from: 

الطفل من: یشرب ھل  

 Water well                                          ماء بئر  

 Tap/Governmental water دولة/الصنبور  ال المیاه  

 Bottled water                                   معبأة میاه  

 No answer                                          اجابة ال  
 

65 
What water source is used in formula preparation? 

؟حلیبال تحضیر في المستخدم المیاه مصدر ھو ما  

 Water well                                          ماء بئر  

 Tap/Governmental water دولة/الصنبور  ال المیاه  

 Bottled water                                   معبأة میاه  

 No answer                                          اجابة ال  
 

66 

What water source is used in food and drinks 
preparation? 
 

والشراب؟ الطعام إعداد في المستخدم الماء مصدر ما  

 Water well                                             ماء بئر  

 Tap/Governmental water دولة/الصنبورال المیاه      

 Bottled water معبأة میاه                                        

 No answer اجابة ال                                               
 

67 
Does your child eat canned (metal) food? 

؟)المعدن( المعلب الطعام طفلك یتناول ھل  

 Yes       نعم                                                       

 No                                                          كال       

 No answer                                          ال اجابة    
 

68 
What is the source of spices you use at home 
(select multiple)? 

؟)متعدد ریااخت( المنزل في تستخدمھا التي التوابل مصدر ھو ما  

 Homegrown/homemade       صناعة بیتیة            

 Packaged               معلبة                                    

 Unpackaged         غیر معلبة                                

 Imported         مستوردة                                      

 No answer          ال إجابة                                    
 

69 
Is pottery used to store or serve food to the child? 

للطفل؟ تقدیمھ أو الطعام لتخزین الفخار یستخدم ھل  

 Yes             نعم                                                 

 No                                                     كال            

 No answer                                            ال اجابة 
 

70 
Does the child play with any pottery? 

بالفخار؟ الطفل یلعب ھل  

 Yes         نعم                                                    

 No                                                        كال        

 No answer ال اجابة                                            
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71 
Do you apply Kohl to the child? 

الطفل؟ على الكحل ستخدمت ھل  
 

 

 Yes           نعم                                                  

 No                                                      كال          

 No answer ال اجابة                                            
 

72 
Does your child use or play with any other 
cosmetics? 

أخرى؟ تجمیل مستحضرات بأیة یلعب أو طفلك یستخدم ھل  

 

 Yes          نعم                                                   

 No                                                       كال         

 No answer                                           ال اجابة 
 

73 
Does your child use or play with any jewelry? 

مجوھرات؟ ةأیب یلعب أو طفلك یستخدم ھل  

 

 Yes           نعم                                                  

 No                                                      كال          

 No answer                                            ال اجابة 
 

74 

Did the child receive any traditional remedies or 
medicine? 

تقلیدیة؟ أدویة أو عالجات أي الطفل تلقى ھل  
 

 

 Herbal Medicine                           األعشاب بط  

 Ayurvedic “Folk” Medicine          الطب الشعبي 
 None                                                      ال شيء 

 Other                                                    غیر ذلك 
 
_____________________ 
 

75 

Do you perform any of these traditions or rituals 
at home? 

المنزل؟ في الطقوس أو التقالید ھذه من بأي تقوم ھل  
 

 

 Bakhour           بخور                                         

 Lead Melting Procedures   صبة رصاص             

 None               ال شيء                                        

 Other                غیر ذلك                                      
 
_____________________ 
 

76 
Has the child traveled before? 
 

قبل؟ من الطفل سافر ھل  

 

 Yes            نعم                                                  

 No                                                            كال     
 

77 

If yes to above, please indicate the destination and 
travel duration 
 

ومدة الوجھة إلى اإلشارة یرجى ، أعاله بنعم اإلجابة كانت إذا  
 السفر

 

Destination 
 الوجھة

Duration 
 السفر مدة
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Is the child or parents involved in one or more of the following hobbies and home activities? 
المنزل؟ التالیة واألنشطة الھوایات من أكثر أو واحد في الوالدین أو الطفل یشارك ھل  

 
Yes  

 نعم
No  

 كال
Don’t know 

 ال اعلم

78 
Recreational firing of guns at a gun firing range 

الترفیھي النار إطالق     

79 
Car or boat repair 

القارب أو السیارة إصالح     

80 
Stained glass making 

الملون الزجاج صنع     

81 
Furniture refinishing 

األثاث طالء إعادة     

82 
Home repairs, repainting, or remodeling 

إعادة البناء أو طالء، إعادة المنزلیة، اإلصالحات     

83 
Making fishing weights or sinkers or toy soldiers 

الجنود لعبة أو ثقاالتال أو الصید أوزان صنع     

84 
Casting ammunition 

ذخیرة صب     

85 
Using lead-containing artists' paints or ceramic glazes 

الخزفي الزجاجي الطالء أو الرصاص على محتویة فنیة دھانات استخدام     

86 
Using lead solder (e.g., for electronics) 

لإللكترونیات) المثال، سبیل على( الرصاص لحام استخدام     

87 
Burning lead-painted wood 

الرصاص على المحتوي الخشب حرق     

88 
Other  (specify)  

حدد)( ذلك غیر   
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How much time does your child spend in the following places per day? 
التالیة؟ األماكن في طفلك یقضي الوقت من كم  

 
 
 

 
Week Days 

االسبوع ایام  

 
Weekend Days 

األسبوع نھایة  

89 

 
Inside your home 

منزلك داخل  

 
Hours ساعات 

 
 

Doesn’t know 
تعرف ال  

 
Hours ساعات 

 
 

Doesn’t know 
تعرف ال  

90 

 
In school 

المدرسة في  

 
Hours ساعات 

 
 

Doesn’t know 
تعرف ال  

 
Hours ساعات 

 
 

Doesn’t know 
تعرف ال  

91 

 
Inside other houses  

أخرى منازل داخل  

 
Hours ساعات 

 
 

Doesn’t know 
تعرف ال  

 
Hours ساعات 

 
 

Doesn’t know 
تعرف ال  

92 

 
In a car/motor vehicle? 

؟وسیلة نقل/  سیارة في  

 
Hours ساعات 

 
 

Doesn’t know 
تعرف ال  

 
Hours ساعات 

 
 

Doesn’t know 
تعرف ال  

93 

 
Outdoors, away from home (park, garden, forest, beach, 
outdoor sports area...)  

 ریاضیة منطقة شاطئ، غابة، حدیقة،( المنزل عن بعیدا الطلق، الھواء في
 (... خارجیة

 

 
Hours ساعات 

 
 

Doesn’t know 
تعرف ال  

 
Hours ساعات 

 
 

Doesn’t know 
تعرف ال  
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There is no safe level of lead exposure

#BanLeadPaintLEAD PAINT MUST GO
The Global Alliance to Eliminate Lead Paint says that all 

countries should ban lead paint by 2020

Must work together to 

ensure all paint is free 

from added lead by 2020

THAT’S WHY

Countries with 

legally binding 

controls on lead paint 

as of 31 August 2017

KEY

No

Yes

No Data

Not Applicable

FACT: As of August 2017, only 1/3 of countries have legally 
binding controls on lead paint

GOVERNMENTS INDUSTRY CONSUMERS

The boundaries and names shown and the designations used on this map do not imply the expression of any opinion whatsoever on the part of the World Health Organization concerning 

the legal status of any country, territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries. Dotted and dashed lines on maps represent 

approximate border lines for which there may not yet be full agreement.
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� يوجد مستوى آمن للتعرّض للرصاص

#BanLeadPaint �بد من التخلّص من

الدهانات الحاوية ع� الرصاص
يقول التحالف العا�ي للتخلص من الدهانات الحاوية ع� الرصاص إن ع� البلدان كافة

2020أن تحظر استع�ل الدهانات الحاوية ع� الرصاص بحلول عام

وهناك بلدان قليلة فقط ¥ العا¤ لديها ضوابط ملزمة قانونا ع� الدهانات
مع الرصاص ¥ الثلث حتى أغسطس 2017 :حقيقة

دليــــــل
الخريطة

 البلدان التي لديها ضوابط ملزمة قانونا

 ع� دهانات الرصاص حتى 31

أغسطس 2017

ª يوجد ضوابط

يوجد ضوابط

ª تتوفر بيانات

ª ينطبق

ولهذا السبب
�يجب ع

ا�ستهلك�قطاع الصناعةالحكومات

أن يعملوا معاً من أجل ض�ن
أ� يُضاف الرصاص إ· جميع
الدهانات بحلول عام 2020
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Supplementary material 

 

This document provides further details concerning the methodology. 

2.1 Study setting: 

This is an Institutional Review Board-approved, cross-sectional, observational study, that was conducted 

between August 2019 and March 2020 at the emergency departments (ED) and pediatric clinics of the 

American University of Beirut Medical Center (AUBMC), Saint George Hospital (SGH), and Bahman 

Hospital (BH), which are all located in Beirut, the capital of Lebanon. AUBMC, the largest tertiary care 

center in Lebanon, was the leading institution, and other hospitals were included in order to get a better 

representation of BLL in the pediatric population of the Beirut area. Children aged 1-6 years were 

recruited in order to assess their BLL. Written consent was obtained from the primary caregivers of the 

children before enrolling them in the study.  

2.2 Outcome measures: 

Recruitment occurred by convenience sampling whereby a research fellow was present during different 

times of the day in order to enroll participants. After written consent was obtained from the primary 

caregivers, a questionnaire, that took approximately 10 minutes to complete, was delivered by the 

recruiter. The questionnaire was paper-based and was available in both Arabic and English. It contained 

sections on demographics, household condition, parental exposure, medical history, nutritional history, 

and travel history. It was tailored to include common practices in Lebanon (Appendix A). 

After completing the questionnaire, the primary care givers were counseled about Lead toxicity, and were 

provided with the World Health Organization (WHO) brochure on Lead poisoning that was part of the 

International lead poisoning prevention week of action (2018). Permission was obtained from the WHO 

to translate and reproduce the brochure, so the brochure was provided in both English and Arabic in order 

to better reach the Lebanese population (Appendix B).  
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For every participant, 3 mL of venous blood was drawn by a certified phlebotomist or nurse and placed in 

a metal-free Ethylenediaminetetraacetic acid (EDTA) tube. The same metal-free tubes were provided by 

the research team to all 3 hospitals. Blood withdrawal occurred following the standard operating 

procedure at the hospitals thereby minimizing all sources of contamination. Collected samples from each 

center were transported to the AUBMC Medical Chemistry Laboratory Department in a portable ice-

cooled box and then kept at 6℃ until transfer to the analysis facility. The samples were shipped by plane 

for analysis at Bio Scientia Laboratories in Germany. This is the standard way of testing for lead for all 

patients at AUBMC, as the test equipment is not available in Lebanon. The blood sent was de-identified 

and labelled using study ID numbers only in order to protect patients’ confidential information. BLL for 

all enrolled patients was reported in μg/dL. At Bio Scientia Laboratories, the analytical method of lead 

analysis is ICP-MS (inductively coupled plasma mass spectrometry), using a 7800 Agilent device. The 

limit of detection was 0.2 µg/dl.  After the BLL was reported to AUBMC by the lab, the primary care 

givers were contacted by phone in order to inform them of the results and any necessary interventions/ 

follow up. 

2.3 Statistical Analysis: 

Statistical analyses were performed using the Statistical Package for Social Sciences (IBM SPSS 25.0). 

Descriptive statistics were summarized by presenting the frequencies and percentages for categorical 

variables and mean and standard deviation for continuous variables. The participants were stratified 

according to the median of the BLL (9.3µg/L). In the bivariate analysis, the association between the 

stratified BLL and other categorical variables was carried out by using the Chi-square and Fisher's exact 

tests, as appropriate. Student's t-test was used for the association with continuous variables. Multivariate 

regression analysis was used to adjust for potentially confounding variables. A stepwise multivariate 

logistic regression was conducted with all risk factors found to be significant in the bivariate analysis in 

addition to those considered as being clinically meaningful. The multivariate analysis accounted for the 

following variables: Age, Gender, Level of education of the mother or caregiver 2, Household income, 
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Chronic health problems, and the Presence of Construction sites within 300 m of the house. A p-value of 

0.05 was set for the entry of potential predictors into the model, whereas a p-value of 0.1 was set for 

removal from the model. The results of the multivariate analysis were presented by the adjusted odds ratio 

(aOR) and with confidence interval (CI) of 95%. A p-value of <0.05 was considered statistically 

significant. 
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