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Abstract

Young children are at greatest risk of exposure to lead and its effects. Although lead is one
of the most widely used elements with known health hazard, there is little data on the blood
lead level (BLL) of children in the Kathmandu Valley. Thus, this study aimed to assess fac-
tors associated with high BLL in children who were 6—36 months of age and resided in the
Kathmandu Valley. In this hospital-based cross-sectional study 6-36 month-old children vis-
iting the Paediatrics Outpatient Department of Tribhuvan University Teaching Hospital,
Patan Hospital, and Siddhi Memorial Hospital were enrolled. All three hospitals are located
in different areas inside the Kathmandu Valley. Written informed consent was obtained from
the parents, and exposure data were collected using a structured questionnaire. Portable
Anodic Stripping Voltammetry (ASV) was used to determine BLLs in children. Data were
analyzed using SPSS version 16. Of 312 children enrolled in the study, 64.4% had BLLs
>5ug/dl. A significant association was found between BLL and exposure to enamel paints in
the household in the form of painting materials used in different parts of the house like walls,
windows and doors (p = 0.001). Furthermore, multivariate analyses showed that BLLs were
4.5 times higher in children playing with dirt and dust (p = 0.006) and that children belonging
to the community of lower caste/ethnicity groups had significantly higher BLLs compared to
those from the upper caste groups (p = 0.02). Our study demonstrated that children living in
households that have used enamel paints, children belonging to lower caste/ethnic groups,
and children frequently playing with dirt and dust had significantly higher BLLs. The results
of this study highlight the importance of policy decisions to limit environmental lead contami-
nation, and to roll out awareness building measures designed to limit lead exposure and
break the poverty cycle associated with chronic lead poisoning.
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Introduction

Lead is a non-ferrous metal that is widely used in a large variety of industries and consumer
products. Although it is a non-essential element for the human body, lead is readily taken up
via inhalation of polluted air and ingestion of contaminated water, food, soil, dust or paint,
and accumulated in blood, bone, and soft tissues [1,2]. Acute lead poisoning can result in mul-
tiple organ dysfunction, but chronic lead poisoning is equally worrisome and much more
common [2,3]. Being a cumulative toxicant, lead affects multiple body systems and is particu-
larly harmful to young children whose bodies absorb the toxic metal at higher rates than adults
[2,3]. Lead exposure in early childhood leads to identifiable deficits in cognitive development
and these effects are largely irreversible [3-5]. Children who have been exposed to lead are
more likely to have lower intelligence quotients, long-term health problems, be diagnosed with
attention deficit hyperactivity disorder, and exhibit aggressive behaviour [3,4,6]. Childhood
lead exposure is estimated to contribute to about 600,000 new cases of children developing
intellectual disabilities and 143,000 deaths each year with the highest burden in developing
regions [2]. In addition, the International Agency for Research on Cancer (IARC) has classi-
fied lead as a probable carcinogen [7].

No safe limits for the blood lead level (BLL) have been identified and even at low levels, lead
has been shown to affect the intelligence quotient, attention span and academic performance
in children [4,6,8]. However, since 2012, the U.S. Centers for Disease Control and Prevention
(CDC) have recommended BLLs >5 pg/dl as a reference level for intervention based on the U.
S. National Health and Nutrition Examination Survey [9]. This threshold level was redefined
for activating targeted interventions for children in order to reduce their continued exposure
to lead and the resulting health effects [9].

In the past, lead was commonly used in gasoline as an anti-knocking agent. However, the
gasoline that is currently used in Nepal is unleaded. Apart from gasoline, lead is also widely
used in electronics, ceramics, crystal glass, lead-acid batteries, cables and paint. A rising
demand and continued use of lead in a wide range of industrial and consumer products have
greatly increased its circulation in air, water and soil, and consequently the exposition of a vast
number of people worldwide [3]. Lead is widely used in lead-based paint; lead-acid batteries;
lead plates, sheets, strip foil, lead tubes, pipes and fittings; cable sheathing and alloys (lead
alloys, unwrought). In household settings, the risk of lead exposure from lead acid batteries
and lead-based paint is of greatest concern [2]. For example, it has been reported that 71% of
all paint products sold in Nepal had lead levels above 90 ppm [10]. Another study conducted
by Leaders Nepal found lead concentrations up to 200,000 ppm (20% lead by weight) in some
brands of paints that are commonly available in Nepalese markets indicating serious popula-
tion level exposure [11].

We also expect that the use of enamel paints is higher in urban areas. Similarly, small chil-
dren under three years are most likely to be exposed to environmental lead because of their
play behavior and developmental characteristics. In this context, the present study was con-
ducted to assess the BLL of children aged 6-36 months living in the Kathmandu Valley of
Nepal which comprises the biggest urban area of Nepal, and to determine the factors that were
associated with higher BLLs in these children.

Materials and methods
Study site and its justification

This study was conducted in the Kathmandu Valley where lead-based paints are more widely
used compared to rural areas of Nepal. Three major hospitals in different geographic locations
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of the Kathmandu Valley participated in the study (Patan Hospital, Tribhuvan University
Teaching Hospital, and Siddhi Memorial Hospital). Equal numbers of children of the 6-36
month age group visiting the outpatient departments (OPD) were enrolled from these
hospitals.

Inclusion and exclusion criteria

Children who had been brought to the OPD by their parents for general health checks, immu-
nization, and growth monitoring, were eligible for participation in the study. After a physi-
cian’s evaluation, the parents of eligible children were counselled about the BLL study and
interested parents were referred to the study team for further information. The study team
then explained the objectives as well as potential risks and benefits of the study. Children
whose parents provided written informed consent to participate were enrolled in the study.
Children who had been admitted indoor (inpatients), those who had been given Ayurvedic
medication by their parents, and children with known current accidental exposure to lead
sources were excluded. Posters were displayed in the OPD of each hospital about sources of
lead in the environment and its negative effects on human health.

Sampling and sample size

We calculated the sample size using the algorithm suggested by van Belle [12]. We assumed a
type I error of 0.05, a type II error of 0.20, standard deviation 6, a non-response rate of 15%
and 80% power for calculating the sample size for one sample. From each of three hospitals
(Patan Hospital, Tribhuvan University Teaching Hospital, and Siddhi Memorial Hospital) an
equal number of children of the 6-36 month age group were enrolled from visitors of the
respective OPD. Purposive sampling was done to choose the study subjects on a ‘first come
first’ basis. After counseling patients about the objectives of the study, provided by a physician,
and excluding some of them as per the exclusion criteria, children were enrolled in our study.
During the counseling of parents by the physician, the response rate to participate in the study
was approximately 80%. Patients fulfilling the inclusion criteria and whose parents were will-
ing to participate in the study were enrolled in the study until the required sample size was
attained.

Data collection tools and techniques

Data were collected using the following data collection techniques: (i) structured interview
questionnaires and (ii) lead concentration measurement in capillary blood. A structured inter-
view questionnaire administered by trained interviewers was used to predict the lead exposure
of the children.

The BLL was measured using the Lead Care II Blood Analyzer based on the electrochemical
Anodic Stripping Voltammetry (ASV) method. About two drops of blood (50 pl of capillary
blood) was obtained by standard finger prick technique, mixed with a reagent, and a portion
dispensed onto the single use disposable electrodes (sensors) of the analyzer where the plating
and subsequent stripping of lead took place. The BLL was determined within 3 minutes of test.
The reportable range of the LeadCare II system is 3.3 to 65 pg/dL. In general, BLL is accepted
as the most valid and reliable indicator of recent excessive lead exposure. The ASV device is
approved by the WHO and the United States Food and Drug Administration (USFDA) and is
commonly used in mobile health units in environmental and occupational health studies.
Stanton and Fritsch have shown a good agreement of BLL test results between the Lead Care
ASV and Atomic Absorption Spectrometry methods [13]. As a quality control measure, blood
collection was conducted after thoroughly cleansing the fingertip with wet tissue paper
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containing soap and alcohol. Once washed, the cleaned finger was not allowed to come into
contact with the other fingers or any surface. Furthermore, it has been found that capillary
blood sample collection by fingerstick has very low (<10%) contamination error rates [14,15].

The study questionnaire was designed using a template from a previous study [16] with
modifications to meet the objectives of our study. The study questionnaire was prepared in
English, translated into Nepali and back translated to ensure consistency with the original ver-
sion in English. Before using the tool in the actual study, the reconstituted questionnaire was
pilot-tested in Siddhi Memorial Hospital and necessary adjustments were made. The data
from the pilot test were not used in the main study.

Data analysis

The data was entered into a database by trained personnel using the Epi Data 3.1 Software
(EpiData Association, Denmark). All data files were checked and cleaned by two of the authors
before analysis. The data were transferred to, and analysis was performed in SPSS version 16.
Both univariate and multivariate analysis were carried out for possible factors associated with
elevated BLL among the participating children. We had found that more than 10% of the chil-
dren had BLL less than 3.3 pg/dL(displayed low in screen) and BLL could not be measured as a
continuous dependent variable. Hence, we followed the CDC guideline for elevated blood lead
levels (BLLs >5 pg/dl) and the blood lead level of the children included in the study was
described as low (0-5 pg/dl) and high (> 5 pg/dl). The blood lead levels of children were com-
pared using a Chi-square test. Fisher’s exact test was used where more than 20% of the cells
had expected cell counts less than five. Information on some variables which were missing
were reported as "missing" in analysis. Logistic regression analysis was carried out to identify
determinants of the blood lead level of children. Independent variables included in the model
were sex of children, age group, ethnicity, education status of mother, education status of
father, occupational status of mother, occupational status of father, household painted with
enamel paint, school area painted with enamel paint, children sleeping and playing in area
with enamel paint, children playing outdoors, children playing with dust and dirt, children
playing with batteries, children playing with painted toys and children peeling off paint from
walls/windows. A dependent variable introduced to the model was the blood lead level (i.e.,
“low” vs.”high”). Confounding factors were explored observing the difference between the
adjusted odds ratio (aOR) in multivariate analyses and the crude odds ratio (OR) from univari-
ate analyses of a particular independent variable with another independent variable. Determi-
nants having a screening significance of p < 0.25 in univariate analysis were selected for
multivariate analyses. We tested the multi-collinearity of variables before including them in
multivariate analysis. The correlation between these variables was less than 0.5. All p-values are
two tailed and were considered to be statistically significant at p < 0.05.

Ethics approval and consent to participate

The National Ethical Review Board (ERB) of the Nepal Health Research Council (NHRC) pro-
vided ethical clearance for this study. Informed written consent was obtained from the parents
of children before their participation in the study. All study questions were asked to parents by
study team members in a designated corner of the room away from other patients maintaining
full confidentiality.

Results

Table 1 shows the distribution of children by age and sex groups. Of the total 312 children
enrolled in the study, 56.7% were male and 43.3% female.
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Table 1. Background characteristics of the study population.

Variable

Age group

6—12 months

13-24 months

25-36 months
Gender

Male

Female

Ethnicity

Upper caste groups
Socially disadvantaged caste groups
Fathers’s education
Literate

lliterate

Mother’s education
Literate

lliterate

Father’s occupation
Agriculture

Own business
Service

Student

Other

Mother’s occupation
Housewife

Agriculture

Own business
Service

Other

Children in school
Already enrolled in nursery/school
Not enrolled in nursery/school

https://doi.org/10.1371/journal.pone.0179233.t001

Blood lead levels of the study population

Number (%)

99 (31.7)
150 (48.1)
63 (20.2)

177 (56.7)
135 (43.3)

62 (31.2)
250 (68.8)

302 (96.8)
10 (3.2)

278 (89.1)
33(10.6)

28 (9.1)
48 (15.6)
91 (29.5)
43 (14.0)
98 (31.8)

233 (75.2)
13 (4.2)
15 (4.8)
27 (8.7)
22 (8.7)

43 (13.7)
269 (86.3)

Table 2 shows the BLLs of the study population. The median BLL was 5.8 ug/dl (IQR: 4.3,
9.97). Blood lead levels in excess of 5 pg/dl, the level currently recommended by the U.S. CDC
as the threshold for activating targeted interventions, was found in 64.4% of the study popula-

tion. However, none of the children in our study had BLLs that would have warranted treat-

ment, i.e, chelation therapy as per CDC guidelines.

Factors associated with high blood lead levels

Our study found that 64.3% of the children had BLL >5 pg/dl (Table 2). Table 3 shows factors
associated with high BLLs. The majority (68.8%) of children with BLL >5 pg/dl were from
socially disadvantaged caste groups. Ethnicity was significantly associated with the BLL of the
children (p = 0.001). Among the children with BLL >5 pg/dl, 99.4% slept and played in a room
containing enamel paint. Of total 201 children who had BLL >5 pg/dl, 81.1% had some parts
of their house painted with lead containing paints (not shown in table). About one quarter of
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Table 2. Blood lead levels of the study population.

Blood lead level (pg/dl) Number of children (%)
0-5 111 (35.6)
5-10 124 (39.7)
10-15 37 (11.9)
15-20 15 (4.8)
20-25 12 (3.8)
25-30 6(1.9)
30-35 2(0.6)
35-40 3(1)
40-45 2(0.6)
0-45 312 (100)

https://doi.org/10.1371/journal.pone.0179233.t1002

the children with BLL >5 pug/dl had played outside the home while only around one tenth of
the children with BLL<5 pg/dl had played outside their home. A large proportion of children
with BLL >5 pg/dl (42.9%) played with dirt and dust. Only 5.6% of the children with BLL

>5 pg/dl peeled off paints from the walls of their homes.

Relationship between blood lead level and developmental delay in
children

We asked parents to report if their child did not acquire a developmental task appropriate for
his or her age as compared to peers. The parents of 11.4% of the children with BLL >5 pg/dl
reported that their children were able to stand and walk later than expected while none of the
parents of children with BLL <5 pg/dl reported such developmental delays. However, these
findings are limited by the fact that no formal developmental screening or diagnostic tests
were performed, and the interviews were taken by persons who had not been specifically
trained in developmental assessment.

Factors affecting blood lead level in multivariable analysis

Table 4 shows factors affecting BLL in multivariate analysis. Multivariate analysis showed that
the odds of children playing with dirt and dust to have BLLs >5 ug/dl were 4.5 times higher
than those of children who did not (OR = 4.53, CI = 1.55-13.20). Similarly, children belonging
to other ethnic groups including dalits, disadvantaged janajatis and non-dalit terai caste
groups, religious minorities and relatively advantaged janajatis had 3.43 times higher odds of
having BLLs >5 pg/dl compared to upper caste groups (OR = 3.43, CI = 1.16-10.12).

Discussion

Although no child had a BLL >45 pg/dl, which would have required chelation therapy as per
CDC guidelines, we found that 64.4% of the children had BLLs exceeding the CDC cut-off
point of >5 pg/dl indicating a serious public health importance. We chose the age group of 6-
36-month-old children because we were interested to enroll pre-school children in our study.
However, some children (13.7%) of this age group were found to be already enrolled in pre-
school (kindergarten) and we did not exclude these from our study. Comparable results have
been obtained in previous studies of primary school children of Birgunj Municipality [17] and
Kathmandu Municipality [18], highlighting a continuous health risk in this setting. Such
higher elevated blood levels (BLLs >5 pg/dl) among children have also been reported in stud-
ies conducted in India [19,20]. Similarly, studies conducted in China have also shown a
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Table 3. Factors associated with high blood lead levels.

Variables Blood lead level p-value
0-5 pg/di > 5 pg/di Total
Gender 0.2
Male 58 (32.8) 119 (67.2) 177 (56.7)
Female 53 (39.2) 82 (60.7) 135 (43.3)
Age groups 0.1
6-12 months 43 (38.7) 56 (27.9) 99 (33.3)
13-24 months 46 (41.4) 104 (51.7) 150 (46.6)
25-36 months 22 (19.8) 41 (20.4) 63 (20.1)
Ethnic groups* 0.001
Upper caste 59 (54.6) 62 (31.2) 121 (42.9)
Other ethnic groups 49 (45.4) 137 (68.8) 186 (57.1)
Father’s education status
Literate 108 (97.3) 194(96.5) 302 (96.8) 0.71
lliterate 3(2.7) 7 (3.5) 10(3.2)
Mother’s education status
Literate 98 (88.3) 180 (90) 287 (89.4) 0.63
lliterate 13(11.7) 20 (10) 33(10.6)
Father’s occupation 0.2
Agriculture 10(9.2) 18 (9.0) 28 (9.1)
Own business 22 (20.2) 26 (13.1) 48 (15.6)
Service 30 (27.5) 61(30.7) 91 (29.5)
Student 10(9.2) 33(16.6) 43 (14.0)
Other 37 (33.9) 61(30.7) 98 (31.8)
Mother’s occupation 0.4
Housewife 85 (76.6) 148 (74.4) 233 (75.2)
Agriculture 3(2.7) 10 (5.0) 13 (4.2)
Own business 4(3.6) 11 (5.5) 15 (4.8)
Service 8(7.2) 19 (9.5) 27 (8.7)
Other 11(9.9) 11 (5.5) 22(8.7)
Household painted with enamel paints 0.003
Wall 1(1.1) 18(11.0) 19 (6.05)
Window and door 55 (61.8) 64 (39.3) 119(50.55)
Door and wall 33(37.1) 81 (49.7) 114 (43.4)
School area painted with enamel paint 0.07
Yes 10 (9.00) 33(16.4) 43 (12.7)
No 101 (91.0) 168 (83.6) 269 (87.3)
Children sleeping and playing in area with enamel paints 0.8
Yes 86 (98.9) 161 (99.4) 247 (99.15)
No 1(1.1) 1(0.6) 2(0.86)
Children playing outdoors 0.003
Yes 12(10.8) 51 (25.5) 63 (18.1)
No 99 (89.2) 149 (74.5) 248 (81.8)
Children playing with dust and dirt 0.0001
Yes 24 (21.8) 85 (42.9) 109 (32.3)
No 86 (78.2) 113 (57.1) 199 (67.6)
(Continued)
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Table 3. (Continued)

Variables Blood lead level p-value
0-5 pg/di > 5 pg/di Total

Children playing with batteries 0.4

Yes 21(19.1) 46 (23.1) 67 (21.1)

No 89 (80.9) 153 (76.9) 242 (78.9)

Children playing with painted toys 0.9

Yes 84 (77.1) 150 (76.9) 234 (77)

No 25 (22.9) 45 (23.1) 70 (23)

Children peeling off paint from walls/windows 0.1

Yes 2(1.8) 11 (5.6) 13(3.7)

No 107 (98.2) 187 (94.4) 294 (96.3)

* Information on ethnicity was missing in five cases.

https://doi.org/10.1371/journal.pone.0179233.t003

prevalence of elevated BLLs among children, including more than 54% in Jintan [8] and 44%
in Wuhan[21]. However, a study conducted in Shanghai revealed a very low prevalence of ele-
vated BLLs among children (<1%) [22] and another one, in Hunan Province, a substantial
decline of elevated BLLs from 2009 to 2013 [23]. In our study, BLLs were higher among boys.
Higher BLL among boys was also reported in other studies from Nepal [17,18], India [19,20]
and China [8,21,22] Although elevated BLLs have been found to be positively correlated with
the age of children [8,19,20,22,23] we did not find such association in our study.

Table 4. Association between blood lead level and variables in bivariate (crude odds ratio) and multivariate models (adjusted odds ratio).

Variable Crude odds ratio p-value Adjusted odds ratio p-value
(95% Cl) (95% Cl)

Ethnicity

Upper caste ethnic group 1 0.0001 1 0.02

Other ethnic groups 2.66 (1.64—4.31) 3.43(1.16-10.12)

Children playing outdoors

No 1 0.003 1 0.1

Yes 2.82 (1.43-5.56) 2.67 (0.74-9.58)

Children playing in dirt and dust

No 1 0.0001 1 0.006

Yes 2.69 (1.58—4.59) 4.53 (1.55-13.20)

Children eating dirt and dust

No 1 0.06 1 0.5

Yes 2.22(0.95-5.18) 1.41 (0.44-4.52)

Schooling of children

No 1 0.07 1 0.07

Yes 1.98 (0.94—4.20) 3.45 (0.88-13.45)

Parts of house with enamel paints

Door and window only 1 0.001 1 0.5

Window door and wall 2.50(1.47-4.25) 1.4 (0.50-3.94)

Peeling off paints from the wall

No 1 0.1 1 0.8

Yes 3.15 (0.68-14.46) 1.29 (0.10-16.42)

https://doi.org/10.1371/journal.pone.0179233.t1004
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The response rate in our study was high (80%) which may be due to counseling parents
about the study, providing a free test which is otherwise not available as a regular test in Nepal,
and distributing lead test results to parents. We used capillary blood instead of venous blood
because obtaining it is less invasive, minimizes pain, requires smaller amounts of blood vol-
ume, and the procedure can be performed quickly and easily [24]. Furthermore, it has been
found that capillary blood sample collection by fingerstick has very low (<10%) contamination
error rates [14,15].

We particularly found higher BLLs in children belonging to socially disadvantaged caste
groups. Upper caste groups in Nepal are relatively more economically privileged than the
other groups. Ethnic groups such as dalits, disadvantaged janajatis and non-dalit terai caste
groups, and relatively advantaged janajatis mostly belong to the lower economic class whereas
upper caste groups belong to the higher economic class in Nepal. The socioeconomic status of
the family, in turn, can adversely affect the lives of children in many ways. In Nepal as well as
in many other countries, poor people usually work in areas with poor hazard control and are
often engaged in high-risk labor activities. Children often accompany their parents to such
hazardous areas where potential sources of lead may be present, and spend the day playing
and sometimes working in that environment without any protection measures. Many of these
children even carry food to these places, inadequately wrapped in newspaper, and eat these
meals in the same environment without washing their hands. In the USA, the wrapping of
sandwiches in newspaper and the behavior of children putting their hand in the mouth have
been reported as significant predictors of lead exposure in children [25]. Another study con-
ducted in Michigan, USA, showed that the percentage of children with elevated BLLs increased
particularly in socioeconomically disadvantaged neighborhoods after a water source change
because of aging water supply infrastructure [26]. In addition, children of certain caste/ethnic
groups may also be exposed to higher environmental lead levels due to excessive amounts of
dirt and dust in their households. We particularly found higher BLLs in children belonging to
socially disadvantaged caste groups. A recent systematic review of the literature also demon-
strated a significant effect of ethnicity and racism on BLLs [27]. However, a study conducted
in Chitwan valley of Terai region has reported no significant association of cord blood lead
level with caste [28].

Some studies found that dust lead levels inside homes were more closely correlated to the
BLLs of children than any other source of lead [29,30]; this was also observed in our study.
Our findings show that 80.4% of the rooms and houses inhabited by our study participants
were painted with enamel paints.

Our results also showed that parental observations of children playing with dirt and dust
were significantly associated with higher BLLs. The ingestion of dirt and dust during playtime
activity appears to be a more significant pathway for lead uptake by young children than inha-
lation [31]. Among the children of our study with BLLs >5 ug/dl who played in dirt and dust,
39.2% had also been observed by their parents to have eaten dirt and dust. Other investigators
have found extensively varying associations between the levels of lead in dust and children’s
BLLs, with BLLs usually rising by 3-7 ug/dl for every 1,000 ppm increase in dust lead concen-
tration [31-33]. Although playing in dirt and dust was significantly associated with elevated
BLLs, factors such as eating dirt and dust and peeling off paint from the wall were not found to
be associated with elevated BLLs in our study. This may be partly due to the fact that dirt and
dust do not only enter the body through ingestion but also via inhalation and absorption
through the skin. Another possibility may be overadjustment in multivariate analysis.

The parents of the children with BLL >5 ug/dl reported that their children were able to
stand and walk later than expected while none of the parents of children with BLL <5 ug/dl
reported such developmental delays in our study. A study conducted in general population of
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Chitwan valley in Terai region shows significant inverse association of cord blood levels of
lead with the neurodevelopment of newborns [5]. However, a recent study by same study
group shows prenatal lead levels are not important determinants of the neurodevelopment of
less than three years children [34].

As our study was hospital-based and limited to areas within the Kathmandu Valley of
Nepal, it does not intend to represent the situation at the national level. However, this study
provides important baseline data about BLLs among children in Nepal and associated risk fac-
tors. Next, important factors such as breast feeding and food intake of children were not con-
sidered in our study. Further studies are needed to determine more nationally representative
data and to identify geographic locations with high environmental lead content and factors
related to high BLLs of children in Nepal, in order to inform and direct effective public health
interventions. The latter should include nation-wide awareness raising campaigns to alert
parents and Nepali society as a whole of the lead poisoning that their children are exposed to
and its sources. However, as the burden of lead poisoning prevention cannot fall only on
parents, the findings of this study also call for further action by policy makers to reduce the
concentration of lead in paints and improve the domestic environment of the most affected
segments of the population. Implementation of new legislation limiting the concentration of
lead in paints and other products requires strict and effective law enforcement, especially in
view of the country’s extensive trade across long and porous borders with neighboring India
and China. Achieving this, in turn, will critically depend on creating awareness of lead poison-
ing and related legislation among customs and police forces, and empowering them to enforce
it by providing specific training to them.

Conclusions

Lead is toxic for people of any age group, but young children are at greatest risk because their
bodies absorb more of it, and they are more vulnerable than adults to the effects of lead poison-
ing. Our study revealed that 64.4% of the children aged 6-36 months and living in the Kath-
mandu Valley of Nepal had high levels of lead in their blood, exceeding the >5 ug/dl threshold
for specific intervention set by the U.S. Centres for Disease Control and Prevention. Children
had higher levels of lead in their blood if enamel paints were used in their house. Higher lead
levels were more frequent in children belonging to vulnerable social groups and those who
played outdoors with dirt and dust. A study with a nationally representative sample is required
to further confirm these findings for populations elsewhere in Nepal, and to identify and vali-
date additional specific public health interventions to reduce the lead exposure of children in
Nepal.

Acknowledgments

We are grateful to Dr. Sudan Raj Panthi, National Professional Officer of WHO Country
Office Nepal for his technical guidance to conduct this study. We are also thankful to Dr.
Amod Kumar Pokharel, University of California, Berkeley for his advice on research design
and Mr. Dhiraj Pokharel, Leaders Nepal for their technical support to measure the blood lead
level of children. Our special thanks go to enumerators of this study Ms. Radha Silwal, Ms.
Kristi Napit and Sudesha Acharya for their tireless work during data collection. Finally, we
would also like to thank WHO Country Office for Nepal for their technical and financial sup-
ports for conducting this study. We also thank two anonymous reviewers and Dr. Rajendra
Prasad Parajuli for valuable comments that helped us to improve our manuscript.

PLOS ONE | https://doi.org/10.1371/journal.pone.0179233  June 12,2017 10/13


https://doi.org/10.1371/journal.pone.0179233

@° PLOS | ONE

Blood lead level among 6-36 months children in Kathmandu Valley, Nepal

Author Contributions

Conceptualization: MD KBK KKA HDJ.

Data curation: PD BD MD ARP.

Formal analysis: BD ARP PD.

Funding acquisition: MD KBK.

Investigation: KBK MD DS GBR IA AKS.

Methodology: KBK PD KKA MD.

Project administration: MD KBK HDJ SP KKA DS GBR IA AKS.
Resources: KBK MD.

Software: PD BD ARP.

Supervision: MD KBK.

Validation: MD ARP.

Visualization: MD AKS RM.

Writing - original draft: MD BD.

Writing - review & editing: MD KBK HDJ SP KKA DS GBR IA AKS RM DAG UK.

References

1. Wu X, Cobbina SJ, Mao G, Xu H, Zhang Z, Yang L et al. A review of toxicity and mechanisms of individ-
ual and mixtures of heavy metals in the environment. Environ Sci Pollut Res Int 2016; 23: 8244-8259.
https://doi.org/10.1007/s11356-016-6333-x PMID: 26965280

2. WHO (World Health Organization). Lead Geneva World Health Organization 2016 [cited 2016 20 July
2016]. Available from: http://www.who.int/ipcs/assessment/public_health/lead/en/.

3. Tong S, von Schirnding YE, Prapamontol T. Environmental lead exposure: a public health problem of
global dimensions. Bull World Health Organ. 2000: 78: 1068—1077. PMID: 11019456

4. Canfield RL, Henderson CR Jr., Cory-Slechta DA, Cox C, Jusko TA, Lanphear BP et al. Intellectual
impairment in children with blood lead concentrations below 10 microg per deciliter. N Engl J Med.2003;
348: 1517-1526. https://doi.org/10.1056/NEJMo0a022848 PMID: 12700371

5. Parajuli RP, Fujiwara T, Umezaki M, Watanabe C. Association of cord blood levels of lead, arsenic, and
zinc with neurodevelopmental indicators in newborns: a birth cohort study in Chitwan Valley, Nepal.
Environ Res.2013; 121:45-51. https://doi.org/10.1016/j.envres.2012.10.010 PMID: 23164520

6. NTP (National Toxicology Program). NTP Monograph: Health Effects of Low-Level Lead. NTP mono-
graph. 2012(1):i.

7. International Agency for Research on Cancer. Inorganic and Organic Lead Compounds. Lyon, France:
2006.

8. LiuJ,LiL,WangY, YanC, Liu X. Impact of low blood lead concentrations on IQ and school perfor-
mance in Chinese children. PLoS One.2013; 8: €65230. https://doi.org/10.1371/journal.pone.0065230
PMID: 23734241

9. CDC. Blood Lead Levels in Children: National Center for Environmental Health Division of Emergency
and Environmental Health Services, US Centres for Diseases Control,; 2017 [cited 2017 22 April 2017].
Available from: https://www.cdc.gov/nceh/lead/acclpp/lead_levels_in_children_fact_sheet.pdf.

10. CEPHED. National Report: Lead in Nepal’s new enamel household paints Kathmandu: Center for Pub-
lic Health and Environmental Development (CEPHED) 2013.

11. Gottesfeld P, Pokhrel AK. Review: lead exposure in battery manufacturing and recycling in developing
countries and among children in nearby communities. J Occup Environ Hyg. 2011; 8(9):520-32. https:/
doi.org/10.1080/15459624.2011.601710 PMID: 21793732

12. van Belle G (2008) Statistical rules of thumb. UK: Wiley.

PLOS ONE | https://doi.org/10.1371/journal.pone.0179233  June 12,2017 11/13


https://doi.org/10.1007/s11356-016-6333-x
http://www.ncbi.nlm.nih.gov/pubmed/26965280
http://www.who.int/ipcs/assessment/public_health/lead/en/
http://www.ncbi.nlm.nih.gov/pubmed/11019456
https://doi.org/10.1056/NEJMoa022848
http://www.ncbi.nlm.nih.gov/pubmed/12700371
https://doi.org/10.1016/j.envres.2012.10.010
http://www.ncbi.nlm.nih.gov/pubmed/23164520
https://doi.org/10.1371/journal.pone.0065230
http://www.ncbi.nlm.nih.gov/pubmed/23734241
https://www.cdc.gov/nceh/lead/acclpp/lead_levels_in_children_fact_sheet.pdf
https://doi.org/10.1080/15459624.2011.601710
https://doi.org/10.1080/15459624.2011.601710
http://www.ncbi.nlm.nih.gov/pubmed/21793732
https://doi.org/10.1371/journal.pone.0179233

@° PLOS | ONE

Blood lead level among 6-36 months children in Kathmandu Valley, Nepal

13.

14.

15.

16.
17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Stanton NV, Fritsch T. Evaluation of a second-generation portable blood lead analyzer in an occupa-
tional setting. Am J Ind Med. 2007; 50(12):1018-24. https://doi.org/10.1002/ajim.20525 PMID:
17972265

Schlenker TL, Fritz CJ, Mark D, Layde M, Linke G, Murphy A, et al. Screening for pediatric lead poison-
ing. Comparability of simultaneously drawn capillary and venous blood samples. JAMA. 1994; 271
(17):1346-8. PMID: 8158820

Schonfeld DJ, Cullen MR, Rainey PM, Berg AT, Brown DR, Hogan JC Jr., et al. Screening for lead poi-
soning in an urban pediatric clinic using samples obtained by fingerstick. Pediatrics. 1994; 94(2 Pt
1):174-9.

UNICEF. IMCI Household Survey Questionnaire— 12 Key Family Practices—DRAFT October 1999.

Krleza JL, Dorotic A, Grzunov A, Maradin M, Croatian Society of Medical B, Laboratory M. Capillary
blood sampling: national recommendations on behalf of the Croatian Society of Medical Biochemistry
and Laboratory Medicine. Biochemia medica. 2015; 25(3):335-58. https://doi.org/10.11613/BM.2015.
034 PMID: 26524965

Gautam K, Pradhan S, Thuppil V, Pyakurel D, A S. Blood lead level among school children in an indus-
trial city of Nepal. J Pathol Nepal 2017; 7: 1091-4.

Sherchand O, Mehta K, Poudel P, Deo B, Baral N. Blood Lead Levels of Primary School Children in
Kathmandu Municipality, Nepal. J Institute Med. 2014; 36(3).

Ashoka C, Avinash T, Usha Rani S, Venkatesh T, Abraham R, ML K. Evaluation of current status of
lead toxicity among children: A hospital based cross-sectional study. Indian J Child Health. 2016; 3 (1
(Jan-Mar)).

Roy A, Bellinger D, Hu H, Schwartz J, Ettinger AS, Wright RO, et al. Lead exposure and behavior
among young children in Chennai, India. Environ Health Perspect. 2009; 117(10):1607- https://doi.org/
10.1289/ehp.0900625 PMID: 20019913

LiY,Wu S, Xiang Y, Liang X. An investigation of outpatient children’s blood lead level in Wuhan China.
PloS one. 2014; 9(4):€95284. https://doi.org/10.1371/journal.pone.0095284 PMID: 24740029

Cao J, LiM,Wang Y, Yu G, Yan C. Environmental lead exposure among preschool children in Shang-
hai, China: blood lead levels and risk factors. PloS one. 2014; 9(12):e113297. https://doi.org/10.1371/
journal.pone.0113297 PMID: 25436459

Qiu J, Wang K, Wu X, Xiao Z, Lu X, Zhu Y, et al. Blood lead levels in children aged 0—6 years old in
Hunan Province, China from 2009-2013. PloS one. 2015; 10(4):e0122710. https://doi.org/10.1371/
journal.pone.0122710 PMID: 25830596

Ragan P, Turner T. Working to prevent lead poisoning in children: getting the lead out. J Am Acad Phy-
sician Assist. 2009; 22(7):40.

Hanna-Attisha M, LaChance J, Sadler RC, Champney Schnepp A. Elevated Blood Lead Levels in Chil-
dren Associated With the Flint Drinking Water Crisis: A Spatial Analysis of Risk and Public Health
Response. Am J Public Health. 2016; 106(2):283-90. https://doi.org/10.2105/AJPH.2015.303003
PMID: 26691115

White BM, Bonilha HS, Ellis C Jr. Racial/Ethnic Differences in Childhood Blood Lead Levels Among
Children <72 Months of Age in the United States: a Systematic Review of the Literature. J Racial Ethn
Health Disparities. 2016; 3(1):145-53. https://doi.org/10.1007/s40615-015-0124-9 PMID: 26896114

Parajuli RP, Fujiwara T, Umezaki M, Watanabe C. Impact of caste on the neurodevelopment of young
children from birth to 36 months of age: a birth cohort study in Chitwan Valley, Nepal. BMC
Pediatr.2014; 14: 56. https://doi.org/10.1186/1471-2431-14-56 PMID: 24571600

Lanphear BP, Hornung R, Ho M. Screening housing to prevent lead toxicity in children. Public Health
Reports. 2005; 120(3):305. https://doi.org/10.1177/003335490512000315 PMID: 16134573

Levallois P, St-Laurent J, Gauvin D, Courteau M, Prévost M, Campagna C, et al. The impact of drinking
water, indoor dust and paint on blood lead levels of children aged 1-5 years in Montréal (Québec, Can-
ada). J Expo Sci Environ Epidemiol. 2014; 24(2):185-91. https://doi.org/10.1038/jes.2012.129 PMID:
23361441

EPA (Environmental Protection Agency). Air quality criteria for lead. Research Triangle Park (NC):
Office of Health and Environmental Assessment, 1986 Contract No.: EPA report no. EPA/600/8-83/
028aF.

Bornschein RL, Succop P, Krafft K, Clark C, Peace B, Hammond P. Exterior surface dust lead, interior
house dust lead and childhood lead exposure in an urban environment. Univ. of Cincinnati, OH, 1986.

ATSDR (Agency for Toxic Substances and Disease Registry). The nature and extent of lead poisoning
in children in the United States: a report to Congress. Atlanta: ATSDR,: 1988.

PLOS ONE | https://doi.org/10.1371/journal.pone.0179233  June 12,2017 12/13


https://doi.org/10.1002/ajim.20525
http://www.ncbi.nlm.nih.gov/pubmed/17972265
http://www.ncbi.nlm.nih.gov/pubmed/8158820
https://doi.org/10.11613/BM.2015.034
https://doi.org/10.11613/BM.2015.034
http://www.ncbi.nlm.nih.gov/pubmed/26524965
https://doi.org/10.1289/ehp.0900625
https://doi.org/10.1289/ehp.0900625
http://www.ncbi.nlm.nih.gov/pubmed/20019913
https://doi.org/10.1371/journal.pone.0095284
http://www.ncbi.nlm.nih.gov/pubmed/24740029
https://doi.org/10.1371/journal.pone.0113297
https://doi.org/10.1371/journal.pone.0113297
http://www.ncbi.nlm.nih.gov/pubmed/25436459
https://doi.org/10.1371/journal.pone.0122710
https://doi.org/10.1371/journal.pone.0122710
http://www.ncbi.nlm.nih.gov/pubmed/25830596
https://doi.org/10.2105/AJPH.2015.303003
http://www.ncbi.nlm.nih.gov/pubmed/26691115
https://doi.org/10.1007/s40615-015-0124-9
http://www.ncbi.nlm.nih.gov/pubmed/26896114
https://doi.org/10.1186/1471-2431-14-56
http://www.ncbi.nlm.nih.gov/pubmed/24571600
https://doi.org/10.1177/003335490512000315
http://www.ncbi.nlm.nih.gov/pubmed/16134573
https://doi.org/10.1038/jes.2012.129
http://www.ncbi.nlm.nih.gov/pubmed/23361441
https://doi.org/10.1371/journal.pone.0179233

o @
@ : PLOS | ONE Blood lead level among 6-36 months children in Kathmandu Valley, Nepal

34. Parajuli RP, Umezaki M, Fujiwara T, Watanabe C. Association of cord blood levels of lead, arsenic, and
zinc and home environment with children neurodevelopment at 36 months living in Chitwan Valley,
Nepal. PLoS One.2015; 10: e0120992. https://doi.org/10.1371/journal.pone.0120992 PMID: 25803364

PLOS ONE | https://doi.org/10.1371/journal.pone.0179233  June 12,2017 13/13


https://doi.org/10.1371/journal.pone.0120992
http://www.ncbi.nlm.nih.gov/pubmed/25803364
https://doi.org/10.1371/journal.pone.0179233

