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Abstract
Background: The ger (“tent city”) areas in Mongolia are a product of rapid urbanization and transitional economic
development combine with lack of institutional, administrative and financial capacity of governments to cope with
the pace. These areas have become traps for inequities in social and environmental services and the associated
effects on human health. Disparities in childhood lead exposure in such communities are largely unexplored.
Methods: We measured the concentrations of lead in blood of children, aged 4–7 years, in Erdenet (Orkhon
Province) and Darkhan (Darkhan-Uul Province), the second and third largest cities in Mongolia. A survey instrument
was used to gather information on influencing factors on lead exposure and the Strengths and Difficulties
Questionnaire (SDQ) was used to assess a spectrum of behavioral problems among the children.
Results: The mean blood lead level (BLL) of children in the two cities was found to be 3.8 ± 2.6 μg/dL (range: < 1.
5–17.2 μg/dL) and 27.8% of the children had BLLs ≥5 μg/dL. Average BLL of children in Erdenet (a mining center)
was significantly higher than that for children in Darkhan, and there was statistically significant difference between
average BLL of children who live in ger district (4.2 ± 2.8 μg/dL) compared to those of children in housing units
within the city (3.2 ± 2.4 μg/dL). In spite of the low values, BLLs was significantly associated with a number of effects
on the spectrum of behavioral disorders, specifically with the scores for hyperactivity, conduct disorder and prosocial behavior.
Conclusions: This study shows that childhood lead poisoning is common especially in ger communities of the
urban areas of Mongolia. It contributes evidence showing that BLL low as 3.8 μg/dL can selectively activate some
effects from a spectrum of likely behavioral disorders in children.
Keywords: Blood lead, Lead exposure, Environmental justice, Social inequity, Behavioral problems, Ger community,
Erdenet, Darkhan

Background
Although efforts have been made to reduce childhood
lead poisoning in many countries, it remains a critical
public health problem worldwide. Chronic exposure to
low levels of lead has been associated particularly with
neurodevelopmental toxicity in children which can be
manifested as cognitive impairment, attention deficit or
hyperactivity disorder and increased risk for antisocial
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and criminal behaviors [1–4]. These effects of early life
exposure to lead may persist across the entire lifespan
and result in decreased school performance, increased
risk of drug abuse and incarceration, and proclivity to
low income status (poverty) [4–7]. Lead poisoning affects not only the child’s health and well-being, but also
the family’s economic well-being, job security, and stress
level.
Epidemiologic data on childhood lead exposure in
Mongolia is very limited. A 2005 screening of the blood
of 120 children in Ulaanbaatar, the capital city of the
country reported an average blood lead level (BLL) of
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16.5 ± 9.5 μg/dL [8]. An earlier study of 153 children in
2014, also from Ulaanbaatar [9], found the BLL to be
6.0 ± 2.9 μg/dL and that 69.3% of the children had BLLs
≥5 μg/dL, the current reference level established by the
United States Centers for Disease Control and Prevention [10]. These two studies with limited sample sizes
are currently the only available (and reliable) information on environmental lead exposure and childhood lead
poisoning in Mongolia. This study has expanded the
bank of data on childhood lead exposure by presenting
the first results ever on the BLL of children in Erdenet
(Orkhon Province) and Darkhan (Darkhan-Uul Province), the second and third largest cities in Mongolia.
Like many developing countries, Mongolia has
followed a pattern of rapid urban and economic development that has led to environmental, social and health
inequalities in some communities [11–13]. A major contributor to disparities in lead exposure in the country is
the spread of extractive industry, a highly exploitative
enterprise in which the majority of the profits accrue to
foreign mining companies while the burdens of environmental degradation and disease fall almost entirely upon
local communities [14–16]. Another factor that contributes to inequitable exposure to lead pollution (environmental injustice) is the rapid urbanization and collateral
growth of ger areas or shanty towns that extend for
miles around the major cities [17–19]. Many people who
live in ger districts are former herders, pulled into the
city by the promise of a new life, or pushed off their land
by mining operations, desertification and extreme winter
weather [20–22]. About 45% of total households in the
country now live in ger areas [23] which have become
sprawling, unplanned settlements that lack basic services
such as safe water supply, central heating, sanitation;
paved roads and easy access to schools, markets, and
health facilities [20, 24–26]. In the absence of central
heating in the ger areas, most people rely on stoves both
for cooking and heating. During winter, residents use
large amounts of coal as well as other materials, including trash, to fuel the stove, resulting in a smoky cocktail
of lead-containing pollutants, both indoor and outdoor
[12, 27, 28]. By all indications, childhood lead poisoning
should be a common feature in the ger settlements
where environmental management is often non-specific,
non-existent or poorly enforced [18, 29–31]. In addition,
cultural practices, widespread cottage industries and
poverty are likely to further heighten the likelihood of
increased lead exposure in the shanty outskirts of
the urban areas [31, 32].
In this cross-sectional study, we monitored the BLL of
children in urban areas versus the ger districts of two
major cities in Mongolia. We used a survey instrument
to gather information on influencing factors on lead exposure and the Strengths and Difficulties Questionnaire
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(SDQ) [33] to assess a spectrum of behavioral problems
among the children. The objective (BLL) and subjective
(questionnaire) results were combined to explore the interconnected factors for inquitable exposure to lead and
children’s behavioral problems in ger areas within the
framework of environmental injustice. In the context of
this paper, environmental justice refers to fair distribution of environmental benefits and burdens [34–36].

Methods
Children for the study were recruited from the cities of
Erdenet (Orkhon Province) and Darkhan (Darkhan-Uul
Province). Erdenet has a population of 79,600 and is one
of the youngest settlements in Mongolia. It was founded
in 1974 in an area where large deposits of copper had
been discovered in the 1950s. The city hosts the fourth
largest copper mine in the world which produces
126,700 tons of copper and 1750 tons of molybdenum
and accounts for about 13.5% of Mongolia’s gross domestic product [37]. Over the years, the mine has produced an enormous amount of tailings, estimated to be
about 1 billion metric tons – a colossal environmental
legacy in the city [30]. In the middle of the 1980s, more
than 50% of the inhabitants were Russians working as
engineers or miners. With the transition to market economy in the 1990s, most Russians left Erdenet. Today, the
mine employs about 8000 people with much of the town
being directly and indirectly affiliated with the mining
sector. The city of Darkhan, on the other hand, was originally conceived to be a manufacturing site for Mongolia’s northern territory and was built, starting in 1961,
with extensive economic assistance from the Soviet
Union. The city remains a mostly industrial region and
its population of 73,300 constitutes about 75% of the entire population of Darkhan-Uul Province. The ger district
accounts for 26% of the population of the Darkhan soum
or county [22]; the number of people that live in ger areas
of the city of Erdenet is unknown (see Ref. [23]).
The population for this cross-sectional study consisted of a
convenience sample of children, aged 4 to 7 years, in the two
cities. Sample size of 300–350 was estimated using IBM
SPSS Statistics assuming maximum margin of error of 5%,
confidence level of 95%, the number of children 4–7 years
old in the combined population of the two cities to
be 4000 and a response rate of 60–70% (see https://
www.surveysystem.com/sscalc.htm.
The study was conducted from May to June 2017.
Community facilitators were used to identify elementary
schools and kindergartens in selected areas in the urban
and ger communities. The project staff then approached
the Head of the selected school/kindergarten to get their
permission to involve their schools in the study. The
project next sought the help of teachers in the appropriate classes in distributing the study documents to
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children to take to their parents and getting them back.
The package to parents included a letter inviting them
to participate in the study, a consent form and a questionnaire, as well as a number to call if they had any
questions. The signed consent form and completed
questionnaire were returned to the school/kindergarten
by the child. The project staff then coordinated with the
teachers in the collection and analysis of blood samples
from the children in a secluded area of the school. In
addition to schools/kindergartens, a number of health
clinics in urban and ger areas were contacted and agreed
to the use of their facility in recruiting children for the
study. Parents who visited the health clinic with children
in appropriate age range were approached and asked to
participate in the research study. Those willing to do so
were asked to sign the consent form and the questionnaire was administered orally. The finger prick blood
sample was collected and analyzed for lead by the project staff.
Blood lead levels were determined using the Lead Care
II©, (Magellan Diagnostics, Inc., Billerica, Massachusetts, USA). The Lead Care II© is a portable and inexpensive instrument which enables the lead in capillary
blood to be analyzed conveniently in the field. It been
certified for use by the CDC’s Lead and Multi-Elements
Proficiency (LAMP) program and is an accepted method
for monitoring blood lead to meet regulatory requirements. We closely followed the User’s Guide for Lead
Care© [38] in the cleaning of the puncture point, in the
collection blood and analysis of the sample. Approximately 50 μL of whole blood was collected from the children’s fingertip using a capillary tube provided in the
test kit. During blood collection, the project staff (medical doctor or trained nurse) cleaned his/her hands with
antiseptic soap and wore disposable gloves for personal
protection and to prevent the external contaminants.
According to the manufacturer, the quantification limits
for Lead Care II© are 3.3 μg/dL to 65 μg/dL. Although
lead was detectable below 3.3 μg/dL, the concentrations
could not be quantified with much accuracy. The
analyzer was calibrated each time a new lot of test kits
was used. It should be noted that the US Food & Drug
Administration (FDA) recently issued a warning on the
use of Magellan’s diagnostics lead testing systems including LeadCare II [38] in lead poisoning prevention programs. The warning was based on data showing that test
results on blood drawn from a vein may be lower than
the actual level of lead in the blood. This warning, however, did not pertain to LeadCare Blood Lead Testing
Systems when used with finger or heel prick (capillary)
blood samples – as was the case in this study.
The structured questionnaire for this study was used
to gather information on six domains covering location
(city, soum and address);, child information (gender, age,

Page 3 of 11

height, weight, relationship to respondent); housing information (type, age, dustiness, distance from polluting
source, heating and cooking system, type of stove, number of windows, plumbing, cleaning frequency); child
health and risk behaviors (play area, mouth toys or suck
thumb, school days missed, treatment with herbal remedies, wellness on a rating scale); parental risk behaviors
(smoking, hobbies, pets, employment, use of glazed
utensils); and socio-demographics of responding parent
(gender, age range, marital status, educational attainment, height and weight). The effect of lead exposure on
mental development of the children was assessed using
the Strengths and Difficulties Questionnaire (SDQ). This
short screening instrument of 25 items contains five
different subscales measuring emotional symptoms, conduct problems, hyperactivity-inattention, peer relationship problems and prosocial behavior [33]. It is thus able
to explore the psychological effects of lead poisoning in
multiple dimensions. Each item was scored on a 3-point
Likert scale with 1 = not true, 2 = somewhat true, 3 = certainly true. The score for each sub-scale was calculated
by summing the score for constituent items with higher
scores indicating greater problems, except the prosocial
behavior, where a higher score indicated more positive
behavior. A total difficulties score was obtained by summing the scores of the emotional symptoms, conduct
problems, inattention-hyperactivity, and peer problems.
Since SDQ is easy to use and authorized translations are available free of charge (see https://depts.
washington.edu/dbpeds/Screening%20Tools/Strengths_and
_Difficulties_Questionnaire.pdf), the instrument has
been translated into more than 75 languages and
extensively validated in clinical and community samples [39, 40].
Statistical analysis was performed with STATA12 (StataCorp, College station, TX,USA) and IBM SPSS 24
(Armonk, New York). The BLL and the scores for behavioral problems (SDQ scores) were the health outcome
measures of interest in the model analyses. For numeric
variables, the mean, median, standard deviation, and maximum and minimum concentrations were used to describe
the distribution of the data. One hundred forty one (41.7%
of total) had BLL < 3.3 μg/dL detection limit. For these
cases, a value of 1.65 μg/dL (half the limit of quantification) was used in statistical calculations. An ANOVA was
used for testing significant differences in BLLs between
the different variables. The correlations between BLL
(continuous variable) or SDQ scores (ranked variable) and
the data for various categorical from from survey instrument were evaluated using Spearman’s rank correlation
coefficient Spearman’s correlation coefficient. Bivariate
correlations between the BLL and effector variables found
to have p-values ≤0.05 were in included in multiple linear
regression models used to further assess the relationships
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between BLL and the various risk factors. Statistical significance was considered for p-values less than 0.05.
The research plan, recruitment procedure and consent
form were approved by the University of Michigan Institutional Review Boards (IRB#HUM00128035). The IRB
Committee for the Mongolian National University of
medical Sciences also approved the study (#2017/3–06).
The parents or guardians of all children provided written
informed consent after receiving detailed explanations of
the study and recruitment letter.

Results
Social-demographic characteristics of the children and
parents and their effect on BLL are shown in Table 1.
The mean BLL of children in the two cities was 3.85 ±

2.58 μg/dL (range: below detection limit (BDL) to
17.2 μg/dL) and 27.8% of the children had BLLs ≥5 μg/
dL. It was found that BLLs of children in these two cities
were lower than the recently reported BLLs of children,
aged 7–14 years, in Ulaanbaatar (6.0 ± 2.9 μg/dL) [9]. A
comparison of the BLL for children in Ulaanbaatar collected in 2005 (16.5 ± 9.5 μg/dL) versus 2014 (6.0 ±
2.9 μg/dL) suggests that the BLL of children have declined significantly since the introduction of unleaded
gasoline in the country in 2008 [9, 41]. The difference in
analytical methods used in the two studies – LeadCare
II in 2014 versus atomic absorption spectrometry in
2005 – may also be a contributing factor to a discrepancy in reported results. We believe that the low BLLs
of children in Darkhan and Erdenet are, in all likelihood,

Table 1 Blood lead levels of children and the social-demographic characteristics
P-value

Characteristics

N

Mean
(SD, 95% CI)

Median
(min. max)

Total

338

3.85
(2.58, 3.6 4.16)

3.6
(<LOD,17.2)a

Boys

165

4.47
(2.99, 4.02 4.94)

4.1
(<LOD, 17.2)

Girls

173

3.25
(1.94, 2.98 3.63)

3.3
(<LOD, 13.8)

4

93

3.73
(2.61, 3.22 4.29)

3.3
(<LOD, 17.2)

5

84

3.96
(2.39, 3.49 4.68)

3.8
(<LOD, 16.4)

28.6 (24)

6

72

4.03
(2.92, 3.34 4.71)

3.5
(<LOD,14.5)

27.8 (20)

7

89

3.71
(2.43, 3.19 4.22)

3.3
(<LOD,13.8)

29.2 (26)

Darkhan

167

3.41
(2.15, 3.12 3.84)

3.3
(<LOD, 13.8)

Erdenet

171

4.27
(2.88, 3.84 4.71)

3.8
(<LOD,17.2)

Apartment

121

3.23 (2.36)

1.65
(<LOD,17.2)

Ger (tent)

217

4.18 (2.76)

3.9
(<LOD,16.4)

Primary

11

6.14
(2.44, 4.5 7.78)

5.7
(<LOD, 11.8)

Middle school

59

4.92
(3.72, 3.95 5.89)

4.0
(<LOD, 16.4)

36.2 (21)

High school

106

3.97
(2.46, 3.50 4.45)

3.7
(<LOD, 13.8)

27.4 (29)

College

30

3.5
(1.77, 2.83 4.16)

3.4
(<LOD, 7.0)

30.0 (9)

Bachelor degree

129

3.24
(2.18, 2.86 3.62)

1.65
(<LOD,17.2)

20.0 (26)

Yes

159

3.38
(2.12, 3.05 3.72)

3.3
(<LOD, 17.2)

No

174

4.40
(2.66, 3.95 4.85)

4.0 (16.4)

Gender

Age(years)

City

House type

Parental education level

Parents have a paying job

: LOD is limit of detection

a

% children with
BLL ≥5 μg/dL
27.8 (94)

0.001

35.7 (60)
20.0 (34)

0.725

0.032

25.8 (24)

22.2 (37)
33.3 (57)

0.0008

19.5 (23)
32.3 (71)

< 0.0001

0.0004

18.2 (2)

22.6 (36)
33.3 (58)
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also related to the downward trend from the phase-out
of leaded gasoline in Mongolia. Our result is similar to
the most recent reference value of 3.48 μg/dL for children 1–5 years old in the United States [42]. They are
also consistent with reported BLLs of children in other
countries during the twenty-first Century. As examples,
a review of BLLs in European countries found that the
geometric mean (GM) values varied from 2 to 3 μg/dl
[43]. Subsequent national surveys reported average BLLs
of children to be 2.1 μg/dL in France [44] and 2.8 μg/dL
in Greece [45]. A review by Li et al. [7]) reported that
BLLs had dropped to < 5 μg/dL in 50% of the children in
China.
Average BLL was higher for male compared to female
children (p = 0.001; Table 1), which is consistent with results of other researchers [46, 47]. There was no significant association between BLL and the age band in our
study (Table 1). In contrast, results of many studies show
that BLL increases with age, the explanation being that
children tend to be more active and in contact with the
environment, especially with the soil and dust as they
grow older [48–50]. Average BLL of children in Erdenet was significantly higher than that for children in
Darkhan (p = 0.032; Table 1), which can be attributed
to the effect of lead pollution from the large mining
operations in the former city. The genesis and living
conditions in the ger districts of the two cities are

similar, hence we decided not to treat them as separate entities in the data analysis.
Average BLL of children who live in ger district was
4.2 ± 2.8 μg/dL compared to 3.2 ± 2.4 μg/dL for children
in housing units within the city; the difference in BLL
for the two groups of children was statistically significant
(p = 0.0008; Table 1).In addition, 32% of the children in
ger areas had BLL ≥5 μg/dL compared to 20% for children in the city proper (Table 1). Other studies had also
found that BLLs of children in Ulaanbaatar were significantly higher in peri-urban areas compared to the city
proper [9, 51]. The BLL of children was correlated with
parental educational level (p = 0.0001) and parents having a paying job (p = 0.0004) (Table 1). This should not
be surprising considering that low income families were
congregated in the ger areas outside the city and disproportionately rely on lower quality fuel (wood and coal)
instead of electricity for heating and cooling [13, 25, 28].
We assessed the effects of various other influencing
factors on BLL of the children (Table 2). Since the BLLs
did not conform to normal distribution (skewness = 1.9;
kurtosis = 5.2), they were log-transformed before they
were used in subsequent regression models. The effect
of child’s gender was statistically significant (p = 0.0001)
with boys showing higher BLLs compare to girls but no
correlation was found with children’s height, weight, or
the number of children in the family (Table 2). Usage of

Table 2 Correlation of BLL with social risk factors of lead exposure
Correlation of child demographics with BLL
Variables

Gender

BLL Spearman’s Correlation − 0.206

Age

Weight

Height

#Children in household

− 0.034

− 0.003

− 0.086

0.054

p-value

0.0001

0.537

0.969

0.126

0.347

N

334

335

335

334

309

Correlation of child health and risk behavior with BLL
Variables

Playing outside Suck fingers Mouth Child has Use herbal Type of school Missed
Child’s general
within 100 m
toys
sickness remedies
attended
school days health

BLL Spearman’s Correlation −0.045

−0.009

−0.098 − 0.022

0.169

0.124

0.210

−0.065

p-value

0.406

0.877

0.074

0.685

0.004

0.032

0.026

0.243

N

329

332

330

332

296

302

124

318

Correlation of parental risk behaviors with BLL
Variables

Use of Glazed items

BLL Spearman’s Correlation −0.003

Lead related job
or hobbies

Parental smoking

Any smoker in the home

−0.012

−0.104

0.039

P-value

0.985

0.573

0.058

0.591

N

325

321

332

192

Correlation of socio-demographics of parents with BLL
Variables

Gender

BLL Spearman’s Correlation −0.022

Age

Marital status

Education level

BMI

0.017

0.002

−0.236

0.057

P-value

0.694

0.771

0.971

< 0.0001

0.347

N

328

300

330

332

275
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herbal remedies (p = 0.004) and number of missed day
from class in last 6 months due to illnesses were directly
correlated with BLL (Table 2), implying that more
people were relying on traditional medication in
peri-urban areas. Association of usage of traditional
medicine with increased BLL has been reported in several studies especially among the poor who cannot afford Western medicine [52, 53]. There was no
correlation with other exploratory variables related to
child health and child risk behaviors (Table 2). Also
there was no correlation between BLL of children with
parental risk behavior such as smoking (Table 2). parental education was negatively correlated with children’s
BLL (p < 0.0001), similar to what has been reported in
previous studies [54–56].
Among the potential environmental risk factors, the
type of housing (p = 0.001) and wood usage for heating
(p = 0.009) and cooking (p = 0.008) were positively correlated, but centralized heating system (p = 0.052) and
electricity usage for cooking (p = 0.026) were negatively
correlated with BLL (Table 3). As to be expected, the
year a ger was built was weakly associated with BLL (p =
0.077) where the age of a city dwelling was significantly
(p = 0.013) correlated with BLL (Table 3).
We used a linear regression model that included all
variables from Tables 1-4 that showed significant associations with BLL in order to identify the most important
mediating factors. The 12 variables together constituted
a good predictor of BLL (df = 5; F = 11.8; r = 0.388; p <
0.001) even though they accounted for only about 15%
of the variance in childhood BLL. The results of the regression model are shown in Table 4. The strongest predictors of BLL in the cities of Darkhan and Erdenet were
the child’s gender (p < 0.001), education level of parents
(p = 0.002), use of herbal remedies (p = 0.007), number
school days missed because of sickness (p = 0.007) and
whether the child lived in a ger tent or traditional building (p = 0.042). It would seem surprising that direct exposures from environmental sources are not featured
prominently on the list of effector variables.

Discussion
Similar to observations in most countries, the removal
of lead in gasoline sold in Mongolia has been significant
in preventing lead poisoning or reducing the burden of
lead in the blood of young children in the country. Even
so, the reduction in lead exposure has not been equal
for all children with those in the ger communities continuing to bear a disproportionate burden of exposure.
This study endeavors to view the disparity in BLLs
through the multidimensional lens of environmental
justice which includes both the traditional exposure
pathways and the quality-of-life factors (QOL) that may
be predisposing children and their families in ger areas
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to lead poisoning. An environmental justice framework
is discussed here as an approach that can be used to develop multi-level and multi-sectoral policies and partnerships needed to reduce and eliminate the burden of lead
poisoning among the children in the country.
Previous studies in UB had concluded that contamination of local air and soils with lead from uncontrolled
burning of coal for heating and cooking in households
was primarily responsible for the difference in BLL of
children in ger areas compared to the city proper [9, 51].
This conclusion remains conjectural as actual exposure
to air pollution has not been assessed in previous studies. We did not find any significant association between
the burning of coal for heating or cooling and BLL of
children in Erdenet and Darkhan (Table 3). Enkhbat et
al. [26]) likewise did not find any correlation between
the BLL and burning of coal in their study of women
who live in ger tents versus the city dwellers in UB. Apparently burning of coal does not appear to be the main
effector of blood lead as people had previously thought.
On the other hand, we found associations between BLL
of children and indicators of socioeconomic status (parental level of education, parent have a paying job), low
status on the energy ladder (heating with wood versus
cooking with electricity), cultural values (use of herbal
remedies), as well as disparities in type of house type
(ger tent versus apartment) and where the residential
structure is located (tent city versus city proper). In
other words, the BLL is related to disparities in environmental and social-economic conditions of households in
ger areas compared to the city proper as well as to
higher disease burden in the ger communities (number
of days that children missed school due to illness). We
believe that these disparities and the mediating factors
are a reflection of systemic injustices in the urbanization
process in Mongolia [11, 11–20].
Lead poisoning contributes significantly to mental
health problems among children in many poor communities (reviewed by [1, 57, 58]. In this study, we used
parent-rated SDQ and linear regression models to explore the relationships between BLL and a spectrum of
behavioral problems in the children (Table 5). We found
that BLL was significantly associated with the score on
hyperactivity (β = 0.433, t = 2.84, p = 0.007) and had weak
effects conduct problems (β = 0.295; t = 1.99; p = 0.054)
and pro-social behavior (β = 0.299; t = 1.99; p = 0.055)
(Table 5). These effects were observed at the low average
BLL (3.8 μg/dL) of the children that participated in this
study. Our results reaffirm the notion that there is no
safe blood lead concentration in children [10]. We did
not find any association of BLL with emotional symptoms or peer problems contrary to the results of some
previous studies [2, 4, 39, 58]. Age was only associated
with pro-social behavior (p = 0.026) while the child’s
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Table 3 Correlation of BLL with various risk factors of lead exposure
Housing characteristics and BLL
Variables

Type of
house

< 500 m Distance
from big industry

< 1 km from
Distance from Recent home
gasoline station train station
renovation

Pet
Remove shoes
ownership in the home

BLL Spearman’s
Correlation

0.198

−0.015

0.069

−0.059

0.052

P-value

0.001

0.795

0.218

0.284

0.573

0.126

0.036

N

335

315

322

329

226

315

319

Coal

Wood Agricultural
waste

Natural gas

Heating oil

Electric wall
board

Central heating system

BLL Spearman’s
Correlation

0.008

0.144

0.054

−0.059

−0.052

− 0.004

− 0.107

P-value

0.885

0.009

0.329

0.285

0.341

0.946

0.052

N

335

331

331

331

331

331

331

Coal

Wood

Agricultural waste

Natural gas

Electricity

BLL Spearman’s
Correlation

0.002

0.146

0.074

0.117

−0.130

P-value

0.974

0.008

0.181

0.034

0.018

N

330

331

331

331

331

− 0.086

0.118

Heating method and BLL

Fuel used for cooking and BLL

Exposure risk factors for apartment residents and BLL
Variables

Year structure # Bed #window in
wasbuilt
rooms the kitchen

Brass water
meter

Frequency of Renovation house Water damage roof, walls
home cleaned past 6 months

BLL Spearman’s
Correlation

−0.244

−
0.098

− 0.146

0.055

− 0.064

0.052

0.199

P-value

0.013

0.297

0.123

0.555

0.492

0.573

0.033

N

105

113

111

115

115

116

113

Exposure risk factors for ger area residents and BLL
Variables

Year ger
was built

Years in the home

Type of stove

Smoke meats

#window

Floor gets Frequency of home
dusty
cleaning

BLL Spearman’s
Correlation

−0.126

−0.080

0.010

0.032

0.123

0.146

0.111

P-value

0.078

0.231

0.887

0.651

0.107

0.037

0.115

N

197

226

204

198

172

205

202

gender was was only significantly associated with conduct problems (p = 0.008) (Table 5). The gender data are
consistent with the observation that girls tend to display
more emotional problems while boys have more externalizing issues such as conduct problems, hyperactivity/inattention, and peer problems [6]. Children in ger areas
were at increased risk for emotional symptoms compared
to those in the city proper (β = 0.137; t = 2.54; p = 0.012)..
Similar effects on the spectrum of behavioral disorders
have been reported in Belgian children in spite of the
slight age differences (Belgian children were 7–8 years old)
and much lower (1.4 μg/dL) blood lead values [39].
This is not the first study to associate BLL with behavioral problems among children (see, for instance, [3, 5,
10, 57]. It is, however, one of the first to treat childhood
behavior as a multi-dimensional construct and to

explore its relationships with BLL in a spectrum of behavioral disorders (specifically emotional response, conduct problems, hyperactivity/concentration, peer
relations and pro-social behavior). We believe that discrepancies and controversies surrounding the results of
previous studies on effects of lead on childhood behavior
may stem partially from the treatment of this health outcome as being monotonous. Lead poisoning can induce
a continuum of behavioral responses depending on the
interplay of complex factors that drive the
exposure-response relationships. An important observation from this study therefore is that lead exposure induces selective responses and does not affect the entire
spectrum of possible outcomes in children equally and
all at once. The multidimensional nature of the behavioral effects of lead poisoning therefore needs to be kept
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Table 4 Results of linear regression model showing the most
important predictors of blood lead levels among the children in
Darkhan and Erdenet
Variable

Beta

t

p-value

Child’s gender

−0.206

−4.047

0.000

Educational level (parent)

−0.181

−3.192

0.002

Missed school days

0.138

2.716

0.007

Use of herbal remedies

0.137

2.702

0.007

House type

0.117

2.046

0.042

Parents have a paying job

.052

0.922

0.357

Year housing structure was built

−.038

−0.753

0.452

Water damage (roof, wall)

.065

1.264

0.207

Remove shoes in the home

.020

0.369

0.713

Floor dustiness

.100

1.961

0.051

Heating with wood

.020

0.267

0.790

Cooking with wood

−.006

−0.093

0.926

mind in any study that purports to “measure” the neurocognitive impairment from lead exposure.
Ger districts are a product of rapid urbanization and
lack of institutional, administrative and financial capacity
of governments in Mongolia to cope with the pace [13,
21, 29]. Their genesis can be traced to the reform package in the transition to market economy which called for
privatization of state properties, elimination of state subsidies and expenditure, price liberalization, and dissolution of agricultural collectives and state farms [30].
These policies and programs brought social dislocations
such as massive unemployment, soaring poverty, deteriorating social welfare, increasing corruption and deepening inequality. As more and more people in Mongolia
were driven away from their familiar lands into the cities, the wealthy and the talented were readily assimilated

while the underprivileged from rural areas found refuge
in the outskirts of major cities including Erdenet and
Darkhan. Additional impetus for migration to the urban
filtering machine (separating the poor from the affluent)
came in the form of increased desertification and extreme winter weather of 1999–2001 which wiped out a
large proportion of the country’s livestock [30]. The
impoverished herders of the ger areas became trapped
and isolated both physically and socially from the rest of
the city. Physically, they are not connected with the
transportation, electricity and sewage systems of the
main city [13, 20, 30]. Socially, they were treated as outcasts who were adding to the pressing urban problems
and creating a tremendous burden on the economy, infrastructure and social safety net of the city proper [30].
The results of this study show that the economic
growth, social development and spatial transformation
of the cities have also come with costs which are borne
disproportionately by children and environment in the
contiguous peri-urban areas [59]. We conclude that the
disparity in childhood lead exposure found in the ger
communities falls within the rubric of environmental
justice as it raises concerns for social justice and environmental protection in Erdenet, Darkhan and other
urban areas of Mongolia.
A number of limitations in this study should be noted.
First, it is difficult to prove causal relationship between
lead exposure and health outcomes using a
cross-sectional study design. Second, subjective evaluation of the children’s behavioral characteristics was provided by parents and recall bias cannot be completely
ruled out. Third, there is potentially a selection bias in
sampling for the study in schools, kindergartens and
medical clinics which can limit the generalizability of the
results to the entire cities. Fourth, the limit of detection

Table 5 Results of linear regression models showing the relationships between BLL and covariates with behavioral problems
Variables

Emotional symptoms

Conduct problems

Hyperactivity

Peer problems

Total difficulties

Pro-social behavior

Median SDQ score

4

3

5

5

16

7

Ger vs City proper

Gender

Age

BLL

β

0.137

−0.041

0.035

−0.034

− 0.070

0.021

t

2.54

−0.678

0.641

−0.603

−1.22

0.389

p-value

0.012

0.498

0.522

0.546

β

0.0339

−0.145

0.002

−0.023

0.020

0.037

0.698

t

0.547

−2.68

0.028

−0.410

0.362

0.678

p-value

0.585

0.008

0.978

0.682

0.717

0.498

β

0.065

−0.082

0.186

0.077

0.061

0.121

t

0.400

−0.508

1.13

−0.455

0.373

1.24

p-value

0.692

0.615

0.265

0.373

0.712

0.026

β

0.172

0.295

0.433

0.003

0.215

0.299

t

1.12

1.99

2.84

0.023

1.21

1.99

p-value

0.269

0.054

0.007

0.982

0.234

0.055
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for the LeadCare II instrument was only 3.3 μg/dL which
made it impossible to examine the exposure-response relationships below this threshold. Out of the 338 children
tested, 27.8% had BLL > 5 μg/dL implying that the study is
not under-powered for the statistical analyses that were performed, however. To temper any potential bias from using
only the values above the quantification limit, a median
value of 1.65 μg/dL was assigned to any reading below
3.3 μg/dL. Finally, environmental samples were not collected
that could be used to relate the BLL to sources of lead exposure and evaluate the exposure-response relationships.

Conclusions
Childhood lead poisoning remains well-documented and
pernicious yet a preventable global public health problem. This study shows that lead exposure remains common especially in peri-urban areas of Erdenet and
Orkhon where nearly 30% of the children have blood
lead levels above the current reference value of 5 μg/dL.
Average blood lead level of children in our samples
(3.8 μg/dL) are lower those found in the large metropolis
of Ulaanbaatar (6.0 μg/dL). In spite of the relatively low
levels of lead exposure, our study showed that the BLLs
encountered in the two cities were having a significant
effect on a spectrum of childhood behavior. As far as we
know, this is the first study to examine the relationship
between blood lead concentrations and behavioral problems in a large sample of Mongolian children. This study
contributes further evidence showing that BLLs as low
as 3.8 μg/dL can be a threat to children’s health. Despite
the phase-out of leaded gasoline in Mongolia, many children are still showing up with relatively elevated BLLs
that may be unsafe for them. There is clearly a need for
a nationwide survey to assess the full extent of the problem of childhood lead exposure in the country, especially
in marginalized peri-urban areas.
This study documents the fact that relative to the city
proper, children in the ger districts are socio-economically
disadvantaged and disproportionately exposed to lead (and
other contaminants most likely). Such disparities in lead exposure at the individual and community levels likely have
mediated the increased risk of behavioral problems among
children in ger households. Comparatively speaking, these
children can be considered to be victims of inherent environmental injustice in government policies and the
urbanization processes of the two cities.
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