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ABSTRACT

Background: We evaluated the level and factors of heavy metal exposure to children residing
in the Togttsetsii, Khanbogd, and Bayandalai soums of South Gobi province, Mongolia.
Methods: A total of 118 children aged 9-12 years were surveyed, and the level of heavy

metal exposure in their bodies was investigated. Exposure was investigated by measuring
concentrations of heavy metals such as cadmium, lead, and mercury in the blood; mercury
concentration in the hair; and total arsenic in the urine.

Results: Blood cadmium concentration had geometric averages of 0.16 pg/L in the children
from Bayandalai, 0.15 pg/L Tsogttsetsii, and 0.16 pg/L Khanbogd. Blood lead concentration
showed a relatively higher geometric average of 7.42 pg/dL in the children from Bayandalai
compared to 4.78 pg/dL and 5.15 pg/dL in those from Tsogttsetsii and Khanbogd,
respectively. While blood mercury concentration was the highest in the children from
Bayandalai, with a value of 0.38 pg/L, those from Tsogttsetsii and Khanbogd had similar
concentrations of 0.29 pg/L and 0.29 ug/L, respectively. Hair mercury concentration was
the highest in the children from Bayandalai, with a value of 78 ng/g, a particularly significant
difference, with a concentration of 0.50 pg/g in those from Khanbogd. Urine arsenic
concentration was the highest in the children from Khanbogd, with a value 0f36.93 ug/L; it
was 26.11 pg/L in those from Bayandalai and 23.89 pg/L in those from Tsogttsetsii.
Conclusions: The high blood lead concentration of children in Bayandalai was judged to be
due to other factors in addition to mine exposure; the reason why blood and hair mercury
concentration was higher in children from Bayandalai may have been due to exposure to
many small-scale gold mines in the area. In the case of Khanbogd, it was estimated that the
high arsenic level in urine was caused by the effect of mines.
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BACKGROUND

The mining industry in Mongolia plays an important role in the country's economic

and social development. Mongolia's main mining products include copper, gold, iron,
molybdenum, fluorite, and coal. The mining industry accounts for 89.2% of all exports and
70.6% of all industrial output, and has more than doubled in the past 10 years [1]. In the early
2000s, copper and gold mines were developed in the Oyu Tolgoi area of the Gobi desert in
Mongolia. By 2020, mining production in this area is expected to account for more than 30%
of Mongolia's gross domestic product [2].

The mining industry emits various environmental pollutants. Acid wastewaters containing
heavy metals contaminate the surrounding soil, water, and crops, while dust emissions
pollute the environment for local residents. The main pollutants of metal mines are lead,
cadmium, copper, arsenic, mercury, and chromium; these metals are non-biodegradable
substances that accumulate in the environment and inhibit the growth of animals and plants.
When humans ingest water and crops contaminated by heavy metals over a long period, the
metals accumulate in the body and cause various diseases. Therefore, all local residents living
in mining areas may be at risk from the effects of consuming contaminated crops and water,
and of inhaling suspended dust particles [3-6].

Environmental pollution caused by pollutants from mines is basically soil pollution.

When the soil is contaminated, it primarily affects organisms in soil, nearby rivers and
groundwater, rather than direct health damage caused by pollutants, and further changes in
the ecosystem, ultimately leading to indirect health disorders in humans.

In Mongolia, there is no effective management system to assess the environmental health of
mining sites. A sustained approach for extensive and comprehensive analysis on a national
scale is necessary. The environmental health assessment of mines can help to establish

a management system based on the protection of human health against environmental
pollutants, and by providing local residents with the scientific information acquired from
these investigations, their level of exposure to environmental pollutants can be monitored.

South Korea's National Institute of Environmental Research, a designated World Health
Organization (WHO) collaborating center, conducts cooperative research to identify the
environmental-related health problems and risk factors affecting vulnerable social groups.
The activities under this led to the survey of environmental exposure and health impacts of
heavy metals in mining areas in Mongolia.

The purpose of this study was to evaluate the concentration of heavy metals and identify
related factors for children, the most vulnerable population to environmental pollution.

METHODS

Study area selection

The selection of the survey area was made in consultation with Mongolian government
officials. After a preliminary survey and an on-site meeting, we selected three soums
in Umnugobi province, and the study commenced in July 2017. The selected areas were
Tsogttsetsii, Khanbogd, and Bayandalai (Fig. 1).
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Fig. 1. Study area.

Tsogttsetsii Soum is located in the Altai mountain region, and covers an area of 7,246 km? that
is inhabited by a population of 7,030 permanent residents and 18,000 temporary residents.
The biggest coal mining companies, Tavan Tolgoi, Energy Resource, and Erdenes Tavan Tolgoi
operate in this area; the coal mine is located 15 km southwest of the center of the soum.

Khanbogd Soum is located in the Altai mountain region—an area covering 15,150 km? that
has a population of 6,400 permanent residents and 18,000 temporary residents. The biggest
copper mining company, Ouy Tolgoi, operates a mine 40 km from the center of the soum.

Bayandali Soum is located in the Gobi desert region of Mongolia and covers an area 0f 10,750
km?, and is inhabited by a population of 2,098 permanent residents and an unknown number
of temporary residents; most of the residents work at small-scale mines.

Study subject and questionnaire

Local elementary school children in the fourth and fifth grades from the three study areas
were selected as study candidates, and those recruited in advance were induced to visit the
local medical center. Before administering the study questionnaire, a preliminary survey
was carried out that explored structured epidemiological surveys, such as the "Health
Impact Survey of Residents in Waste Metal Mines" in South Korea, that had been conducted
in vulnerable regions. The questionnaire, which was administered by a well-educated

and trained investigator through a personal interview, was, in principle, answered by the
child's guardian. A total of 118 people—27 from Bayandalai, 47 from Tsogttsetsii, and 44
from Khanbogd—were surveyed, and the level of heavy metal exposure in the body was
investigated. Questionnaire items included questions on information about mood, family,
lifestyle, the living environment, eating habits, and drug use. The level of heavy metal
exposure in the body was investigated by measuring the concentration of lead, cadmium, and
mercury in the blood; mercury in the hair; and arsenic in the urine.

Collection and storage of biological specimens

Whole blood samples were collected in vacutainer royal blue caps containing ethylene-
diamine-tetra-acetic acid (EDTA). Blood samples were gently shaken 8-10 times, mixed in a
roller mixer to prevent coagulation, divided into 1 mL each in micro tubes. The participants
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were instructed regarding the urine collection method to prevent contamination, spot urine
specimens were collected, divided into 2 conical tubes. The blood and urine samples were
transported to the laboratory below 4°C and stored at <70°C before analysis. The hair was
then placed in filter papers, and kept refrigerated in a dark room of 4°C in polyethylene bags.

Analysis methods for biological specimens

Cadmium and lead analysis in whole blood

We used an inductively coupled plasma-mass spectrometer (7,700x%, Agilent Technologies,
Santa Clara, CA, USA) for the analysis of cadmium and lead. The diluted solution was made
using 2% l-butanol, 0.05% EDTA, 0.05% Triton X-100, and 1% NH,OH (Sigma-Aldrich,

St. Louis, MO, USA). We used a 10 mg/L multi-element calibration standard (Agilent
Technologies) for the calibration standard solution. The calibration curves of cadmium

and lead measured in the whole blood were used by making seven calibration standard
solutions 0f 0.05, 0.1, 0.5, 1, 5, 10, and 20 pg/L using a blood spiking experiment. The whole
blood sample was analyzed after diluting it to a 1:10 ratio. In order to validate the analysis
methods, we used Whole Blood Metals Control Level 1 and Level 2 (Seronorm; SERO AS,
Billingstad, Norway) as a reference material for the whole blood to guarantee accuracy in the
measurement methods for each test. We used rhodium (10 mg/L; Agilent Technologies) for
the internal standard for the whole blood.

Blood and hair mercury analysis

The mercury level was analyzed using the gold amalgam method and DMAS8O (Milestone Co.,
Sorisole, Italy). The hair sample was cut as small as possible by using stainless scissors and
0.03 to 0.1g was used., and blood samples were stirred at room temperature for more than
30-60 minutes using a roller mixer. The calibration curves were plotted after diluting a 1,000
mg/L mercury standard undiluted solution (Sigma-Aldrich) with a diluent of 0.01% L-Cystein
(in 0.2% nitric acid). To validate the analysis methods, whole blood metals control level 1 and
level 2 (Seronorm; SERO AS) were used as the reference materials for the blood to guarantee
the reliability of the measurement methods for each test; 269 R (Milestone Co) was used as a
reference material for hair.

Urine arsenic analysis

Urine arsenic was analyzed by the hydride generation technique using an atomic absorption
spectrometer (Perkin Elmer Model 900Z) that has an intact hydride generation system (FIAS
400). The calibration curve was plotted using five calibration standard solutions (1, 2, 5,

10, 20 ppb). A urine sample was used after diluting it 10 times, then mixed with L-Cystein
(Sigma-Aldrich) in 0.03 M HCI (Dongwoo Fine-Chem Co., Ltd., Pyeongtaek, Korea) in the
ratio of 1:1, then allowing it to react for an hour at room temperature, and diluting it with
deionized water. We used 0.5% NaBH4 (Sigma-Aldrich) in 0.05% NaOH as a reducing agent
and 0.03 M HCl as a carrier solution. In order to guarantee the accuracy of the measurement
methods for each test; ClinChek level 1 and level 2 (RECIPE Chemicals, Munich, Germany)
were used as the reference materials.

Statistical analysis

For statistical analysis, we used SAS (version 9.4; SAS Institute, Cary, NC, USA). All the
measured variables followed a log-normal distribution, as assessed by the Kolmogorov-
Smirnov test, and further statistical analyses were conducted on decimal log-transformed
values. We provided geometric means (GM) and 95% confidence intervals (95% CIs) for heavy
metal concentrations in children for each group. To compare the heavy metal concentrations
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between the groups, independent samples t-test and analysis of variance were performed. We
also performed within- and between-group comparisons of the concentrations based on the
group characteristics. All the tests used a significance level of 5%.

Ethics statement
The research was approved by the Medical Ethical Committee for the Ministry of Health,
Mongolia (grant #20170619-01).

RESULTS

General characteristics of participants

The general characteristics of the child participants are summarized in Table 1. Participants
in the groups from Bayandalai and Khanbogd had a higher proportion of females, 66.7% and
65.9%, respectively, while the Tsogttsetsii group had a higher proportion of males, namely
57.4%. The average age in the Bayandalai group was 9.93, and 9.83 in the Tsogttsetsii group,
and 10.73 in the group from Khanbogd, which was the highest among the three areas.

In terms of parents' educational level, Bayandalai had a relatively high proportion of parents
educated until below middle school. Regarding current employment, in Bayandalai, 55.6% of
fathers and 10.7% of mothers were engaged in the livestock industry, while in Khanbogd and
Tsogttsetsi, there was a higher percentage of mine workers than shepherds.

Whereas the proportion of monthly household income under 0.4 million MNT in the
Bayandalai group was 37%—which was also the highest among the three areas; it was
29.8% in the Tsogttsetsii group, and 29.5% in the group from Khanbogd. In the latter two
areas, the highest proportion of monthly household income range was between 0.7 and 1
million MNT. This shows that the income level in Bayandalai area, was low. The majority
of child participants in all three areas lived in a Mongolian traditional house called a Ger
and used a heater as a heating facility. Based on the heating facility, coal was used as the
main fuel in Tsogttsetsii (94.2%) and Khanbogd (95.2%); meanwhile, the Bayandalai area,
used coal (52.2%) and dry manure (47.8%). In all areas, more than half of households
used underground water. Except for one child, none of the children in Bayandalai lived
within 5 km of a mine, while in Tsogttsetsii and Khanbogd, 48.9% and 9.1%, respectively,
did. The proportion of smokers in the family was a majority in all areas, with Bayandalai,
Tsogttsetsii, and Khanbogd having proportions of 50.0%, 59.6%, and 65.9%, respectively.
Regarding second-hand smoke, the proportion of children affected in Bayandalai was 35.3%,
Tsogttsetsii 28.3%, and Khanbogd 18.2%.

Heavy metal concentrations in child participants

The distributions of heavy metal concentrations in participants and the comparison
results of heavy metal concentrations between the 3 areas are shown in Table 2. The blood
cadmium concentration had geometric averages (95% CI) of 0.16 (0.13-0.20) pg/L in
Bayandalai, 0.15 (0.14—-0.16) pg/L in Tsogttsetsii, and 0.16 (0.15-0.17) pg/L in Khanbogd.
The blood lead concentration showed a relatively higher geometric average of 7.42 (6.45—
8.54) pg/dL in Bayandalai compared to 4.78 (4.36-5.23) pg/dL in Tsogttsetsii, and 5.15
(4.65-5.71) pg/dL in Khanbogd. While the blood mercury concentration was the highest in
Bayandalai with a value of 0.38 (0.34-0.42) pg/L, Tsogttsetsii and Khanbogd had similar
concentrations of 0.29 (0.27-0.32) pg/L and 0.29 (0.26-0.32) pg/L, respectively. Likewise,
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Table 1. General characteristics of child participants

Characteristics Area p-value?
Bayandalai Tsogttsetsii Khanbogd

Total 27 (22.9) 47 (39.8) 44 (37.3)

Sex <0.001
Male 9 (33.3) 97 (57.4) 15 (34.1)
Female 18 (66.7) 20 (42.6) 29 (65.9)

Age
Mean + SD 9.93+0.83 9.83 £ 0.60 10.73 + 0.90 <0.001°
9-10 (years) 19 (70.4) 492 (89.4) 22 (50.0) <0.001
11-12 (years) 8 (29.6) 5 (10.6) 29 (50.0)

Father's education level 0.085
Middle school than less 12 (48.0) 14 (32.6) 12 (27.9)
High school and trade school 7 (28.0) 21 (48.8) 18 (41.9)
College and university 6 (24.0) 8 (18.6) 13 (30.2)

Mother's education level 0.154
Middle school than less 9(33.3) 13 (28.3) 9 (20.5)
High school and trade school 8(29.6) 9 (19.6) 21 (47.7)
College and university 10 (37.0) 24 (52.2) 14 (31.8)

Father's employment <0.001
Shepherd 15 (55.6) 2 (4.3) 7 (15.9)
Mine 92 (7.4) 17 (36.2) 13 (29.5)
Other 10 (37.0) 98 (59.6) 924 (54.5)

Mother's employment <0.001
Shepherd 11 (40.7) 2 (4.3) 4(9.)
Mine 0 (0.0) 4(8.5) 1(2.3)
Other 16 (59.3) 41(87.2) 39 (88.6)

Income* (100.000 MNT) 0.960
Q1 (< 4) 10 (37.0) 8 (17.0) 12 (27.3)
Q2(>4,<7) 9 (33.3) 14 (29.8) 6 (13.6)
Q3 (>7, <10) 4 (14.8) 14 (29.8) 13 (29.5)
Q4 (>10) 4 (14.8) 1 (23.4) 12 (36.4)

House type <0.001
Ger® 91 (77.8) 30 (63.8) 928 (63.6)
Other 6 (22.9) 17 (36.2) 16 (36.4)

Home heating system <0.001
Stove 29 (81.5) 39 (83) 38 (86.4)
Other 5 (18.5) 6 (12.8) 5 (11.4)

Type of a major heating fuels <0.001
Dried livestock excreta 11 (47.8) 2 (5.0) 2 (5.0)
Coal 12 (52.2) 37 (92.5) 40 (93.0)

Drinking water <0.001
Tap water/purified water 7 (25.9) 11 (23.4) 11 (25.0)
Ground water 19 (70.4) 35 (74.5) 33 (75.0)

Within 5 km of the mine <0.001
Yes 1(3.7) 923 (48.9) 4(9.1)
No 925 (92.6) 24 (51.1) 40 (90.9)

Smoking family member 0.043
Yes 14 (50.0) 28 (59.6) 29 (65.9)
No 14 (50.0) 19 (40.4) 15 (34.1)

Smoking near a child <0.001
Yes 6 (35.3) 13 (28.3) 8 (18.2)
No 11 (64.7) 33 (71.7) 36 (81.8)

Data are shown as mean + SD or number (%).

SD: standard deviation.

*The p-value calculated by y? test; The p-value calculated by 1-way analysis of variance between area; °Divided by
a quarter; “Traditional Mongolian tent.

hair mercury concentration was the highest in Bayandalai with a value of 0.78 (0.66—0.93)

ug/g, a particularly significant difference, with a concentration of 0.50 (0.44-0.57) ug/g in
Khanbogd. Meanwhile, the urine arsenic concentration was the highest in Khanbogd with
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Table 2. Distribution of heavy metals and comparison of heavy metal concentrations between the 3 areas

Sample type Metals Area (soum) GM (95% CI) p-value? Post-hoc® grouping
Blood Cd (pg/L) Bayandalai 0.16 (0.13-0.20) 0.545
Tsogttsetsii 0.15 (0.14-0.16)
Khanbogd 0.16 (0.15-0.17)
Pb (pg/dL) Bayandalai 7.42 (6.45-8.54) <0.001 A>B,C
Tsogttsetsii 4.78 (4.36-5.23)
Khanbogd 5.15 (4.65-5.71)
Hg (ug/L) Bayandalai 0.38 (0.34-0.42) 0.002 A>B,C
Tsogttsetsii 0.29 (0.27-0.32)
Khanbogd 0.29 (0.26-0.32)
Hair Hg (ug/g) Bayandalai 0.78 (0.66-0.93) <0.001 A,B>C
Tsogttsetsii 0.66 (0.58-0.75)
Khanbogd 0.50 (0.44-0.57)
Urine As (pg/L) Bayandalai 26.11 (17.99-37.89) 0.331
Tsogttsetsii 23.89 (18.53-30.79)
Khanbogd 36.93 (30.75-44.36)

Post-hoc grouping is presented as follow: A, Bayandalai; B, Tsogttsetsii; C, Khanbogd.

GM: geometric means; Cl: confidence interval.

*The p-value calculated by 1-way analysis of variance for GM value differences between area; "Bonferroni post-hoc.

avalue 0f36.93 (30.75-44.36) pg/L; it was 26.11 (17.99-37.89) pg/L in Bayandalai and 23.89
(18.53-30.79) pg/L in Tsogttsetsii. When the heavy metal concentrations in children were
compared between the three areas, statistically significant differences were found between
the groups concerning lead concentration in the blood, and mercury concentration in the
blood and hair.

Relationship between mercury concentrations in hair and blood

The correlation analysis between hair and blood mercury concentrations is shown in Fig. 1.
Tsogttsetsii showed the highest correlation (p < 0.001) with a correlation coefficient of 0.798.
Bayandalai showed a correlation coefficient 0f 0.426 (p < 0.027), and Khanbogd showed a
statistically insignificant result with a correlation coefficient of 0.244 (Fig. 2).

Blood lead concentrations based on general characteristics of participants
In this study, the children's blood lead concentration was significantly high among heavy
metals, so a factor analysis was conducted on the lead concentration. The blood lead
concentration according to the general characteristics of the children is shown in Table 3.
While there were statistically significant gender differences between the areas (male: p <
0.002, female: p < 0.001), and no significant difference was found within each area. The

Bayandalai Tsogttsetsii Khanbogd
8 r=0.426 0 r=0798 . o r=0.244 0
g p=0.027 . g 2.0 4 p<0.001 éo 154 p-o0m0
c c c
2 1.5 2 2 o
@© ° el ©
3&-, . ° . E 1.5 4 sg
3 ° ° 3 3
S 1.0 1 ° =0.34 +1.29x S S
8 , oo Y% S 10 3
fa o o > >
3 ° g 3 3
3 054 So © ° @ @
e o € 0.5 A €
5 ° 5 5
T T T T T T T T T T T T T T T T T T T T T
02 03 04 05 06 07 038 01 02 03 04 05 06 07 0.2 0.4 0.6 0.8
Blood mercury concentration (ug/L) Blood mercury concentration (pg/L) Blood mercury concentration (pg/L)

Fig. 2. Correlation between hair mercury and blood mercury concentration.
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Table 3. GM (95% ClI) of blood lead concentration according to general characteristics

Characteristics Area p-value?
Bayandalai Tsogttsetsii Khanbogd
No GM (95% CI) No. GM (95% CI) No. GM (95% CI)

Sex
Male 9 7.99 (7.01-9.20) 27 4.83 (4.94-5.57) 15 5.53 (4.62-6.51) 0.002
Female 18 7.16 (5.91-8.77) 20 4.70 (4.34-5.10) 29 4.93 (4.30-5.58) <0.001
p-value® 0.86 0.437 0.251

Age
9-10 (years) 19 7.71 (6.91-8.53) 42 4.76 (4.33-5.19) 22 5.74 (5.01-6.44) <0.001
11-12 (years) 8 6.79 (4.89-10.60) 5 4.97 (3.65-6.78) 29 4.58 (3.93-5.97) 0.166
p-value® 0.921 0.777 0.026

Father's education level
Middle school than less 12 9.0 (7.51-11.31) 14 6.00 (5.17-7.05) 12 5.02 (4.01-6.09) 0.003
High school and trade school 7 6.74 (5.85-7.54) 21 4.31(3.92-4.72) 18 5.07 (4.18-6.13) 0.002
College and university 6 6.12 (4.69-8.44) 8 4.33 (3.31-5.48) 13 5.28 (4.62-5.98) 0.119
p-value® 0.129 0.003 0.963

Mother's education level
Middle school than less 9 7.69 (6.82-8.78) 13 5.69 (4.86-6.91) 9 5.39 (4.60-6.14) 0.032
High school and trade school 8 9.16 (7.12-12.72) 9 4.79 (4.14-5.58) 21 5.56 (4.78-6.38) 0.001
College and university 10 6.08 (5.09-7.35) 24 4.36 (3.86-4.90) 14 4.39 (3.56-5.39) 0.013
p-value® 0.094 0.039 0.15

Father's employment
Shepherd 15 8.04 (6.90-9.91) 2 5.05 (4.07-6.25) 7 5.41 (4.33-6.65) 0.151
Mine 2 7.38 (5.49-9.93) 17 4.77 (4.08-5.73) 13 4.87 (3.78-6.10) 0.3
Other 10 6.59 (5.33-8.28) 28 4.76 (4.32-5.99) 24 5.19 (4.59-5.85) 0.007
p-value® 0.531 0.935 0.942

Mother's employment
Shepherd 11 8.71 (7.262-11.28) ) 5.05 (4.07-6.25) 4 5.70 (4.96-7.45) 0.233
Mine 0 0 (0.0) 4 4.67 (2.73-5.80) 1 4.96 (0.00-0.00) 0.952
Other 16 6.65 (5.72-7.74) 41 4.78 (4.35-5.20) 39 5.08 (4.53-5.69) 0.002
p-value® 0.085 0.977 0.875

Income* (100.000 MNT)
Q1 (<4) 10 9.07 (7.39-12.10) 8 4.86 (4.31-5.52) 12 6.34 (5.68-7.06) <0.001
Q2(>4,<7) 9 6.70 (5.27-8.08) 14 5.03 (4.29-6.10) 6 4.86 (4.39-5.39) 0.049
Q3(>7,<10) 4 6.65 (5.12-8.88) 14 4.72 (3.80-5.80) 13 5.02 (4.06-6.16) 0.319
Q4 (>10) 4 6.32 (4.89-9.93) 1 4.49 (4.00-5.04) 12 4.52 (3.60-5.56) 0172
p-value® 0.235 0.732 0.071

House type
Gerd 21 7.74 (6.80-8.80) 30 4.62 (4.0-5.20) 28 5.92 (5.44-6.44) <0.001
other 6 6.49 (4.71-8.88) 17 5.07 (4.43-5.75) 16 3.99 (3.35-4.78) 0.03
p-value® 0.294 0.47 <0.001

Home heating system
Stove 22 7.86 (6.97-9.16) 39 4.77 (4.30-5.98) 38 5.97 (4.69-5.86) <0.001
Other 5 5.76 (4.33-7.68) 6 4.90 (3.58-6.25) 4 4.10 (2.78-5.95) 0.539
p-value® 0.193 0.945 0.164

Type of a major heating fuels
Dried livestock excreta 1 8.30 (6.75-10.65) 2 7.57 (4.69-12.9) 2 6.37 (5.17-7.84) 0.851
Coal 12 7.05 (5.80-8.56) 37 4.65 (4.20-5.08) 40 5.17 (4.64-5.72) 0.002
p-value® 0.298 0.004 0.367

Drinking water
Tap/purified water 7 6.95 (5.31-7.52) n 4.06 (4.09-5.16) n 4.46 (3.51-5.56) 0.044
Ground water 19 7.97 (6.77-9.50) 35 4.92 (4.44-5.53) 33 5.37 (4.84-5.97) <0.001
p-value® 0.378 0.272 0.151

Within 5 km of the mine
Yes 1 7.86 (0.0-0.0) 23 4.60 (3.94-5.35) 4 5.19 (4.03-7.14) 0.354
No 25 7.45 (6.50-8.71) 24 4.96 (4.53-5.50) 40 5.12 (4.58-5.68) <0.001
p-value® 0.862 0.733 0.875
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Table 3. (Continued) GM (95% ClI) of blood lead concentration according to general characteristics

Characteristics Area p-value?
Bayandalai Tsogttsetsii Khanbogd
No GM (95% CI) No. GM (95% CI) No. GM (95% CI)

Smoking family member
Yes 14 8.82 (6.85-10.72) 28 4.54 (4.04-5.03) 15 5.15 (4.51-5.85) <0.001
No 14 6.68 (5.80-7.65) 19 5.16 (4.48-6.12) 44 5.08 (4.28-5.93) 0.044
p-value® 0.13 0.142 0.745

Smoking near a child
Yes 6 9.32 (6.65-14.81) 13 4.84 (4.32-5.37) 8 4.94 (3.73-6.51) 0.006
No n 6.94 (6.04-8.03) 33 4.77 (4.22-5.24) 36 5.17 (4.66-5.71) 0.006
p-value® 0.153 0.842 0.814

GM: geometric means; Cl: confidence interval; ANOVA: analysis of variance.
*The p-value calculated by 1-way ANOVA for GM value differences between area; *The p-value indicates the difference of blood lead concentration between
subgroups using 1-way ANOVA or independent sample t-test; °Divided by a quarter; “Traditional Mongolian tent.

https://aoemj.org

blood lead concentration according to age showed a significant difference between the age
group of 9-10 years old (p < 0.001); however, the within-area analysis revealed that only

in Khanbogd the lead concentration increased as age decreased (p < 0.001). According to
the education level of parents, both in Bayandalai and Khanbogs, the lower the father's
education level, the higher the children's blood lead concentration. In each area, blood

lead concentration was the highest in children whose parents were shepherds, and when
compared by area, those from Bayandalai whose parents were shepherds had the highest
blood lead concentration. There were statistically significant differences between areas in
the group that had a monthly household income of 0.4 million and below (p < 0.001), and in
the group that had a monthly household income of between 0.4 and 0.7 million (p < 0.049);
however, there was no statistically significant difference in lead concentration based on
monthly household income within each area. There was a significant difference by residential
type between the areas; however, the blood lead concentration was significantly higher in
children living in Gers than those living in other residential types in Khanbogd (p < 0.001).
Based on the heating facility, the group that used heaters showed differences between the
areas (p < 0.001); however, there was no statistical significance between differences within
each area. The blood lead concentration according to the main heating fuel showed a
statistically significant difference between the areas in the group that used coal as fuel (p <
0.002). According to the source of drink water, in all areas, the children whose household
used underground water had high blood lead concentration (p < 0.001). In the Bayandalai
and Tsogttsetsii areas, children who lived within 5 km from the mine had higher level of
blood lead concentrations than those who were lived outside 5 km from the mine, but this
was not statistically significant. In the Khanbogd area, it was observed that the blood lead
concentration of children whose living distance was outside 5 km from the mine was higher.
With regards to the presence of smoking in the family, in Bayandalai and Khanbogd, the
blood lead concentration in children with family smokers was high, while in Bayandalai and
Tsogttsetsi, children living in households with the presence of smoking next to children had
higher blood lead levels.

DISCUSSION

We evaluated the concentration of heavy metals in children living in Mongolia mining area.
The concentration of lead and mercury in children's blood and mercury in hair in Bayandalai
was relatively higher than children in other areas, and children in Khanbogd had the highest
concentration of arsenic in their urine.
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The blood lead concentrations in children in the three areas were as follows: 7.42 pug/dL in
Bayandalai, 5.15 pg/dL in Khanbogd, and 4.78 pg/dL in Tsogttsetsii, respectively. These levels
were much higher than those found in the following developed countries: 1) 0.571 pg/dL
among children of the ages 6-11 and 0.467 pg/dL among children of the ages 12-19 reported
by the US National Health and Nutrition Examination Survey between 2015 and 2016 in USA
[71; 2) 0.8 pg/dL among middle- and high-school students reported by the Korean National
Environmental Health Survey (KoNEHS) between 2015 and 2017 [8]; 3) 0.54 pg/dL among
children of the ages 6-11 reported by the Canada Health Measures Survey between 2016

and 2017 [9]; and 4) 1.7 pg/dL reported by the German Environmental Survey for Children
[10]. The WHO Centers for Disease Control and Prevention (CDC) recommend that the
reference value of high concentration exposure for children (as of 2012-2015) be lowered to
5 pg/dL [11]. The blood lead concentrations among children in Bayandalai and Khanbogd
areas were found to be higher than the CDC reference value. In addition, our study of the

3 areas produced lower values compared to a study of 120 children in Ulaanbaatar (2005)
that reported a blood lead concentration 0f16.54 + 9.5 pg/dL [12]. However, the blood

lead concentration was also higher than in another study of 153 children of ages 7-14 in
Ulaanbataar (2014) that reported a concentration of 5.3 pg/dL (95% CI, 4.9-5.7 pg/dL) [13],
and a study of 338 children of ages 47 in 2 cities (2017), Darkhan and Erdenet, that reported
a concentration of 3.85 pg/dL [14]. Based on these 3 studies, children living in rural areas in
households that use heaters showed a much higher blood lead concentration than children
living in urban apartments with central heating. These results were similar to studies in
Chinese children that showed high blood lead concentrations in children living in households
using coal and biomass fuels compared to households using gas or electricity [15].

Compared to the 2005 study of children in Ulaanbaatar (16.5 + 9.5 pg/dL), blood lead
concentrations were significantly lower than in the 2014 study (6.0 + 2.9 pg/dL). We think
the biggest contributing factor to the decline was the Mongolian government's gradual
implementation of a ban on the importation and use of gasoline containing lead. In
accordance with the United Nations Environment Program's Partnership for Clean Fuels and
Vehicles, Mongolia effectively banned lead fuel from January 2008 [16]. Despite the decrease
in the use of lead-containing gasoline, high blood levels are presumed to be associated with
mines and other factors. Previous studies, not only in Mongolia but also in other countries,
also showed similar results that show high concentrations of heavy metals in residents living
near a mining area. Luo et al. [17] surveyed a total 1,379 children in three areas near lead and
zinc mining sites in China (2017), and found that the median blood lead concentration was
6.6 pug/dL, and that 341 children (24.73%) showed blood lead concentrations higher than

10 pg/dL, and that blood lead concentrations decreased as the age of children increased. A
study conducted in Zambia (2015) showed an inverse correlation between the distance from
lead and zinc mining sites and the blood lead concentration in children [18], and a study
conducted in Vietnam (2018) showed an inverse correlation between the lead concentration
in the soil, groundwater, and house dust, and the distance from sources of contamination
[19]. On the other hand, in this study, no difference in lead concentration in children's blood
was observed according to the distance of residence from the mine.

Whereas the aforementioned results suggest that blood lead concentrations in children
decrease with increasing distance from the source of contamination, our study showed that
it was higher among the children in the Bayandalai area situated far away from the nearest
large scale mining site, Bayandalai, than among the children on large scale mining sites. In
Bayandalai, only the residents near the center of the soum were supplied with electricity. The
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nomads living away from the soum center did not have access to an electricity supply and had
to use domestic storage batteries. This study didn't survey the use of storage batteries in the
home. However, since shepherds accounted for more than half of the current employment
status of children's parents in Bayandalai, it was assumed that children in Bayandalai use
storage batteries in their homes. Swaddiwudhipong et al. [20] showed that lead in the dust
of households that use solar-powered lead acid batteries exceeded the EPA standard in the
US (2001) and reported that levels of blood lead concentration were significantly higher
among the children in households that use lead acid battery (9.50 + 1.81pg/dL) than those
who do not (7.94 + 1.56pg/dL). Therefore, it can be assumed that it is related to the use of
batteries in the homes of residents in Bayandalai as a factor in the results the high blood lead
concentration of children in Bayandalai.

In addition to exposure to mines, we estimate that four other factors can influence the blood
lead concentration in children. First, the storage process of drinking water seems to have an
effect. In particular, containers for cooking oil are reused to store drinking water in many
regions in Mongolia where water supply facilities are not properly equipped. Unursaikhan

et al. [21] investigated the quality of drinking water in these oil containers commonly used
by Mongolians and found that the lead concentration in the water (5-8 mg/L) was 500-800
times higher than WHO standards. Unurtsetseg [22] have also reported that all heavy metals
in the water quality in this study area were below the limit. Hence, we hypothesize that the
high blood lead concentration found in children must be due to drinking contaminated
water from the oil containers that Mongolians use in daily life. Second, according to a survey
of indoor paint sold in Mongolia, showed that 70% of the paint had lead above 90 ppm

and 20% above 10,000 ppm [23]. It is possible that using lead-containing paint could have
contributed to the concentration of lead in the blood. Third, there are many houses using
coal and biomass fuels, which are presumed to be related to the use of fuel and blood lead
concentration. Fourth, although it may be the effect of air pollution, there was no monitoring
data on air pollution in the target areas.

Regarding total arsenic in urine, the GM was the highest among the children in Khanbogd
(36.93 pg/L), which was lower than the reference value of the US Agency for Toxic Substances
and Disease Registry [24]. The total arsenic in urine among the children of ages 6-11 was
4.89 pg/L according to the US National Health and Nutrition Examination Survey in the years
2015-2016 [7], It was 4.4 pg/L according to the Canada Health Measures Survey in the years
2016-2017 [9]. The German Environmental Survey for Children in 2003-2006 reported that
total arsenic in urine in children of ages 9-11 was 4.08 pg/L [10]. The participants in this
study showed a relatively higher concentration compared to all of the 3 results. Calatayud et
al. [25] showed that the arithmetic mean of urine arsenic among 101 children of ages 3-5 in
northern Argentina was much higher in areas with a high exposure level (2,387 + 165 pug As/g
creatinine) than in the areas with a low exposure level (126 + 19 ug As/g creatinine). Our result
showed a relatively lower value than this result. Nyanza et al. [26] conducted a cohort study
on residents living at small-scale gold mining sites and provided a median urine arsenic level
0f9.4 pg/L in an exposure group and 6.28 pg/L in a non-exposure group. However, the three
areas in this study still had a higher concentration compared to these results. The path of
arsenic intake depends on the chemical termination of arsenic. The main sources of exposure
to inorganic arsenic are water contaminated with arsenic and crops grown in contaminated
soil. In the case of organic arsenic, foods such as fish and shellfish and algae with relatively
high arsenic content, which are exposed mainly through the digestive system. According to
the 2017 final report made by a gold mine company located in Khanbogd area (Oyutolgoi),
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the heavy metal pollution level in the soil near the mine had exceeded the tolerance level of
arsenic in soil [27]. Hence, the high urine arsenic found among the child participants in this
study could be due to their exposure to the Oyutolgoi gold mine. Further, Nakazawa et al. [28]
investigated the evaluation of heavy metal exposure to groundwater around Tavantolgoi and
Oyutolgoi mines, and the risk hazard index from the groundwater near Oyutolgoi mine was
measured greater than 1. Therefore, Mongolia, as an inland country, had no intake of algae
that affected arsenic, the high level of arsenic was judged to be affected by the surrounding
mines. In the future, it will be necessary to conduct a precise investigation that includes

the evaluation of environmental exposure of arsenic in the mining areas and the analysis of
chemical species of arsenic on biological samples.

The blood cadmium in children had GMs of 0.15 pg/L in Tsogttsetsii, 0.16 pg/L in Bayandalai,
and 0.16 pg/L in Khanbogd, all of which were below the WHO standards. Meanwhile, they
were similar to the 0.14 pg/L found in children of ages 12-19 by the US National Health and
Nutrition Examination Survey in the years 2015-2016 [7] and the 0.11 pg/L by the Canada
Health Measures Survey in the years 2016-2017 [9]. They were also lower than the 0.93 pg/L
reported by the National Health and Nutrition Examination Survey in South Korea [8]. It was
estimated that there was no effect of cadmium exposure in children in the survey area.

Regarding mercury in blood and hair, the GMs were the highest in Bayandalai at 0.38 pg/L and
0.78 ug/g, respectively. However, these values were under the reference values of the US EPA
and considered to present no risk. Meanwhile, the blood mercury concentration among the
participants of this study was lower than among middle- and high-school students reported by
the KoNEHS in the years 20152017 (1.37 pg/L). Our result was similar to the 0.395 pg/L among
the children of ages between 1219 in the US National Health and Nutrition Examination
Survey in the years 2015-2016 [7], 0.33 pug/L among the children of ages between 12-19 in

the Canada Health Measure Survey [9], and 0.24 pug/L among the children of ages 3-14 in the
German Environmental Survey for Children. Ilmiawati et al. [29] showed that the geometric
averages of mercury in blood and hair among 229 Japanese children of ages 9-10 were 4.55 pg/L
and 1.31 pg/g, respectively; these values were much higher than those of this study. Another
study by Basu et al. [30] showed that the arithmetic means of mercury in the blood and hair in
Mexican children were 1.8 pg/L and 0.6 pg/g, respectively, both are higher than what we found
in this study. According to a 2008 study conducted on 200 female residents of ages 15-35 in
small-scale mercury mining areas, the control group had blood mercury of 0.30 pig/L and hair
mercury of 0.13 pg/g, whereas the exposure group had 0.55 pg/L and 0.34 pg/g, respectively
[31]. However, a 2012 study conducted on 79 participants in the same areas showed higher
blood mercury in both groups than those found in the 2008 study: 0.47 pg/L in the control
group and 0.74 pg/L in the exposure group [32,33]. The reason why mercury concentration

in blood and hair was higher in the Bayandalai area, than in Tsogttsetsii and Khanbogd, may
be due to exposure to many small-scale artisanal gold mines in the area [34]. However, it is
difficult to determine the exact state of affairs given the illegal operations of the small-scale
mines in the area, which requires attention in future studies. In addition, the correlation
coefficient between mercury in blood and hair is was 0.426 (p < 0.027) for Bayandalai and
0.244 for Tsogttetsii (p < 0.110), which was lower than the 0.72 found in a study conducted on
229 Japanese children of ages 9-10 [29]. Therefore, the mercury in both blood and hair in this
study as well as their low correlation to be low is think that it is due to the low concentration

of organic mercury among Mongolians, which may be caused by insufficient seafood
consumption given Mongolia's landlocked characteristic. Further studies are necessary to verify
this theory through separate analysis of methylmercury and inorganic mercury in the blood.
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The limitations of this study include the following: first, although we attempted to collect
and analyze environmental samples such as soil, water and air samples, we could not analyze

them due to the limitations of transporting environmental samples between countries.
Second, as a one-time cross-sectional study, there was a limit to identifying the factor
analysis of heavy metal exposure. Third, the number of subject is small. However, our study
analyzed the level and factors of heavy metal exposure in the mining areas in Mongolia which
is considered significant. For the insufficient parts, further studies are required in this study.

CONCLUSIONS

In this study, the concentration of heavy metals in the body of children living in the Mongolian
mining area was evaluated. As the result, the concentration of lead and mercury in children's
blood and mercury in hair in Bayandalai was relatively higher than children in other areas, and
children in Khanbogd had the highest concentration of arsenic in their urine.

The high blood lead concentration level in children in the Bayandalai area may be due to
the use of storage batteries, but the high lead concentration level of children in all areas

are estimated to be due to not only exposed to mines, but also to the storage of drinking
water in recycle plastic buckets, use of indoor paint, coal and biomass fuel of Mongolian.
Furthermore, the high concentration of mercury in blood and hair of children in Bayandalai
area appear to have a significant impact on the exposure of small mercury mines in the
area, but further studies will be needed to identify heavy metal contamination factors in
children in addition to mine exposure. In the Khanbogd area, it is estimated that the high
concentration of arsenic in urine in this region is due to the effect of the mine, however, it
is necessary to conduct studies on environmental exposure assessment in mining areas and
detailed investigations into urine arsenic including classifying the chemical species.
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