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Abstract—Lead (Pb) pollution in and around Ulaanbaatar is of national concern, given that the Mongolian
capital is home to nearly half of the country’s entire population. By comparison, Mongolian countryside is a
pristine environment because of its sparse population and low industrial activity. The concentration of Pb in
urban soils (average of 39.1 mg kg–1) was twice the values found (average 18.6 mg kg–1) in background terri-
tories (i.e., Mongolian rural sites). Furthermore, Pb contamination was examined by using Pb stable isotopic
composition, and covariance of Pb isotopic ratios showed two groups between rural and urban soils as pristine
and disturbed sites. The 206Pb/207Pb ratio, the most prominent fingerprint for Pb pollution, was 1.163–1.185
for the urban whereas values for rural soils (1.186–1.207) were analogue to the regional Pb isotopic signatures.
Local coal sources and their combustion products, one of the potential Pb pollution sources in Ulaanbaatar,
have significant radiogenic properties in terms of Pb isotopic composition and revealed an average of 1.25 for
206Pb/207Pb and 19.551 for 206Pb/204Pb ratios. Thus, contributions from coal firing activity to Pb pollution
lower than it was assumed, and smaller range of these values measured in urban soils may be attributed to the
mixing of less radiogenic Pb as a constituent of the leaded gasolines.
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INTRODUCTION

Because of the geological settings in Ulaanbaatar the
elevated levels of heavy metals in its soil environment
are not necessarily associated with anthropogenic
sources. The city is located within a mineralized zone
belonging to the Early Mesozoic Khentiy gold- and rare
metal-bearing belt that is rich in tin (Sn) and tungsten
(W) [15]. Accordingly, Ulaanbaatar soils were enriched
in Sn [12]. Accumulations of some toxic and heavy met-
als from anthropogenic sources have also been mea-
sured in the atmosphere and topsoils within the Ulaan-
baatar city [12, 30]. The sources of Pb pollution are
multifaceted. However, automobile exhaust gases and
emissions from coal combustion are the most promi-
nent in the Ulaanbaatar environment. Further, the
moderate pollution of Ulaanbaatar soils by Pb, coupled
with the high Pb contamination of the city’s atmo-
sphere, was indicative for atmospheric transport as
described by Sorokina and Enkh-Amgalan [30].

Atmospheric Pb is associated with sub-micrometer
size whose airborne period increases with decreasing
particle size. An example of atmospheric Pb transport

was the observation that the Pb isotopic composition
in European aerosols was influenced by Pb carried by
dust particles from the Sahara desert [9]. Likewise,
aerosols from Asia have a marked influence on the
chemical composition of the North Pacific atmo-
sphere [8] since the Asian continent is a major source
of natural dust and pollution [28].

Sources of Pb, such as lead-bearing products and
ores, have a specific isotopic ratio, and only weak mass
fractionation of Pb isotopes occurs through physico-
chemical and biological processes during transport [4,
14, 26]. Thus, the magnitude of this ratio can serve as
a signature in tracing the sources for Pb pollution.
Compositional variations can be found for the radio-
genic 206Pb, 207Pb and 208Pb isotopes, produced from
the radioactive decay of 238U, 235U and 232Th, respec-
tively, whereas the abundance of 204Pb remains con-
stant at 1.4% [18]. Isotopic ratios can also vary accord-
ing to the environmental input of Pb from anthropo-
genic sources. Literature on Pb isotopes in the
environment has been reviewed by Komárek et al.
[14], and also source signatures of Pb isotopes in the
atmosphere over the Northern Hemisphere were pub-
lished by Bollhöfer and Rosman [4].1 The article is published in the original.
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It has been speculated and investigated, if the Gobi
desert in southern Mongolia is one of the source
regions to the Chinese Loess Plateau; therefore, the
Pb stable isotopic approach suggested that southern
Mongolia is the main source region together with
northern China to the loess [34]. Moreover, Pb isoto-
pic ratios preserved in different size fractions of the
loess were an essential characteristic to trace the origin
of this natural deposition.

Since information about stable Pb isotopic compo-
sition of environmental and source-related materials
in Mongolia is limited, it is difficult to develop strate-
gies for mitigating the risk of Pb contamination to the
environment and human health. Therefore, one key
objective of this research was to determine and report
reliable information on trace elemental distribution
and Pb stable isotope abundance in Ulaanbaatar soils.
The isotopic compositions besides serving as a finger-
print for pollution source this parameter can provide
an insight into contaminant distribution at the local,
regional, and global scale.

MATERIALS AND METHODS
Soil sampling and source related materials. Ulaan-

baatar, the capital city of Mongolia, is home to
1.3 million people that account over 43% of the Mon-
golian population. The city is located on the banks of
the Tuul River at an average altitude of 1350 m, occu-
pying an area of ca. 4700 km2. The average annual
evaporation is large and annual precipitation equals
267 mm. Random sampling was carried out in
December 2012, when the ground was frozen and an

ambient daily mean temperature was –25°C. Surface
soils were taken from a depth of 0–5 cm, whilst sub-
surface soils were collected at a depth of 5–8 cm and
were collected from sites adjacent to the heavily used
arterial roads in Ulaanbaatar, except the Salkhit site
that is located about 18 km in the north of the city cen-
ter. In Fig. 1, enlarged inset showed main roads and
sampling locations, including the sites Baruun 4 Zam
(Bayangol district), Officer Palace (Bayanzurkh dis-
trict), Zaisan (Khan-uul district) and 100 Ail
(Chingeltey district). 100 Ail site was characterized by
densely distributed traditional dwellings as well as
small family houses, and also construction material
markets.

For Pb stable isotopic analysis, a total of 23 soil
samples from urban (Ulaanbaatar) and rural areas
were studied. Figure 1 showed a sketch map of the
sampling sites for both rural and urban areas. The
samples of 13 rural soils were collected from six differ-
ent provinces covering western, central, southern, and
eastern parts of Mongolia.

Isotopic composition of Pb in Mongolian raw coal
and fly ash emitted by Power Plant 3 (PP3) and Power
Plant 4 (PP4) were determined as pollution source
related materials. PP3 and PP4 are the largest stations
nationwide using brown coal from the Baganuur and
Shivee-Ovoo deposits as their basic fuel. The f ly ash
samples from both power plants were taken from a fur-
nace, declared to be fueled by Baganuur coal only.
Atmospheric total suspended particulates (TSP) in
Ulaanbaatar were sampled during winter between
November, 2013 and January, 2014. TSP were col-
lected on polycarbonate membrane filters (Whatman.
Nuclerpore, Track-Etch Membrane, 0.4 μm) with
flow rate of 1 L min–1 using a Dust track–DRX aero-
sol monitor, operated by Prof. Lodoysamba at
National University of Mongolia. Eight filter samples
in total and were separated into two groups; therefore,
each set consisted of 4 filter samples. The concentra-
tion of Pb was higher than a detection limit for ICP-MS
isotopic analysis.

Determination of soil properties, elemental and min-
eralogical composition. The urban soils were air-dried,
passed through a 2 mm sieve, and ground in an agate
mortar and pestle. The soil pH was measured using an
aqueous slurry (soil : water = 1 : 5) and a Sartorius
Professional PP-50 pH meter. The soil water content
was derived from the weight loss after oven-drying at
105°C. Total organic carbon (TOC) and total carbon
(C) contents were determined using an element ana-
lyzer (PE2400 II, USA). The TOC was measured after
removing carbonates with dilute HCl. The TOC was
converted to total organic matter (TOM) on the
assumption that organic matter contains 58% organic
C. The inorganic C content was estimated by subtract-
ing the TOC content from the total soil carbon.

Range of major and trace element (Al, Cl, K, Mg,
Na, Sb, U etc.) concentrations were measured by

Fig. 1. Map showing soil sampling sites in rural and urban
Mongolia. Enlarged inset shows the location of the 4 Zam,
100 Ail, Officer Palace and Zaisan sites, and lines signify
main roads in Ulaanbaatar. The filled circles show the sites
of soil sampling, while a star indicates aerosol sampling
location, and triangles signify Thermal Power Plants PP3
and PP4.
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instrumental neutron activation analysis (INAA)
using thermal neutrons as described elsewhere [24].
Determination of elements Cu, Ga, Ge, Mo, Nb, Sn,
Pb and Tl was carried out by means of inductively cou-
pled plasma mass spectrometry ICP-MS (Platform
ICP, Micromass Instruments Corporation) after a
total acid digestion. Analytical accuracy was estimated
by analyzing Certified Reference Materials (soil
GBW-07408 and sediment GBW-07305 from the
Institute of Geophysical and Geochemical Explora-
tion, China). Every sample was analyzed in duplicates.
The mineralogical composition of the soils (oven-
dried, ground, and passed through a 200 mesh sieve)
was determined by X-ray diffraction (XRD) using a
D/Max2200 diffractometer (Japan), and nickel fil-
tered CuKα radiation (λ = 1.54178 Å). The XRD pat-
terns were recorded in the 2θ range of 3°–60°, using a
step-scanning mode with a step size of 0.04°, and a
counting time of 5 s per step. Amorphous and crystal-
line mineral phases were identified, and their contents
were calculated using a JADE 5 software. The crystal-
line phases in the samples were determined by com-
paring their XRD patterns with those of various min-
eral standards. The K-value method was employed to
determine quantities of soil minerals [20].

Pb isotope analysis. A total of 23 samples were ana-
lyzed for stable Pb isotopic composition in a clean lab-
oratory as described by Li et al. [17]. To this end, 200–
300 mg of oven-dried and ground (200 mesh) soil
samples were digested with concentrated acids (HCl :
HNO3 = 3 : 1) and addition of HF in capped perfluo-

roalkoxy (PFA) tubes (SAVILEX). The coals with and
without combustion (at 600°C), f ly ash (as received
from the power plants), and aerosol filter samples were
digested in the same manner. MilliQ-water
(18MOhm) and sub-boiled acids were used through-
out digestion and separation (explained below) proce-
dures. The digestion was performed on a hot plate at a
temperature of 100–110°C for about 4 days with peri-
odic stirring. The leachate in the PFA tube was evapo-
rated to dryness, 1 mL of concentrated HCl was
added, and again evaporated to dryness. This proce-
dure was repeated after adding 1 mL of 2M HCl to the
residues, and dissolving in 2 mL of 2 M HCl : 1M HBr
(2 : 1) solution. The solid phases were separated from
leachate by centrifugation at 3000 rpm for 25 min.

Separation of Pb from the matrix was carried out
using a preconditioned Dowex 1 × 8 resin (200–
400 mesh) which was inserted into a pre-cleaned glass
column and washed three times with concentrated
HCl, followed by water. Then, the centrifuged soil
leachates were loaded into the column and eluted at an

average f low rate of 1 drop × 1.5 min−1. Matrix related
impurities were washed from the resin first with 1M
HBr and subsequently by 2M HCl. Finally, the Pb was
eluted with 1.5 mL 6M HCl into polytetrafluoro-
ethene (PTFE) vessels and dried at 100–110°C. The
dry residues were dissolved in a HNO3 : HCl (1 : 3)

mixture and again evaporated to dryness. This proce-
dure was repeated using 2 drops of HNO3. The dry res-

idues were dissolved in 2% HNO3 solution and ana-

lyzed for Pb isotope ratios using a multi-collector
inductively coupled plasma-mass spectrometer
(MC-ICP-MS; Nu Plasma, Nu Instruments Ltd).
The instrumental mass fractionation of Pb was cor-
rected by adding thallium (Tl) spike Tl : Pb (1 : 5) as an
internal isotopic standard (NIST SRM 997). The
accuracy and reproducibility of measurements were
controlled by analyzing the Pb isotope standard
(NIST SRM 981) throughout the measurements with
5 sample intervals. To control leaching efficiency the
Columbia River Basalt BCR-2 (U.S. Geology Sur-
vey) reference material was analyzed, yielding the

following results: 206Pb/204Pb = 18.761 ± 0.030;
207Pb/204Pb =15.639 ± 0.041; 208Pb/204Pb = 38.757 ±

0.108; 206Pb/207Pb = 1.200 ± 0.001.

RESULTS AND DISCUSSIONS

Soil characteristics and elemental distributions. The
intermountain Tuul River valley is one the fertile
regions in the Mongolian landscape. The urban soils
from Ulaanbaatar city have an average of 4.6% of
TOM contents (Table 1). Properties and composition
of the rural soils can be found in Tserenpil et al., 2013.
The TOM contents (2–8.2%) of randomly collected
soils from the northern, southern, eastern and central
parts of Ulaanbaatar were also higher than values pre-
viously reported by Kasimov et al. for soils along the
Tuul River and its tributaries, but were similar in range
to the TOM values (2–12%) for soils within city dis-
tricts [1]. Background chestnut soils were also rich in
organic matters (3.3–9.9% given as humus content)
[10]. The soils analyzed by Kasimov et al. [12] con-
tained 0.7–5.0% of CaCO3 and had a pH of 7.5–9.0.

We measured a similar pH range (7.3–8.4) for the
urban soils (Table 1), and their mineralogical compo-
sition indicate the abundant presence of carbonate
minerals (Table 2).

Besides having high organic matter contents, the
urban soils differed in their mineralogical composition
from soils taken from the countryside. Although the
mineralogy of the urban soils (as given in Table 2) was
dominated by the presence of primary minerals (67.7–
92.7%), contribution of the secondary minerals in
making up soil structure was rather greater (in this case
montmorillonite and kaolinite) and uniform (total of
6–16.6% except 1% content) in urban samples than
those in the rural [31]. The total content of clay min-
erals was highest (16.6%) in the subsurface soil from
the Officer Palace site, and lowest (1%) in the 100 Ail
subsurface sample. It is noteworthy that all the soils
collected within city districts contained carbonate
minerals (i.e., calcite and dolomite); e.g., the surface
soil from Salkhit contained as much as 15.3%. On the
other hand, carbonate minerals were not detectable in
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Table 1. Some properties of the urban soils from Ulaanbaatar city

a Total Organic Matter. b Total Inorganic Carbon. c Loss On Ignition at 550°C

Sample designation Moisture, % pH TOMa, % TICb, % LOIc, %

1 4 Zam surface 10.3 7.9 3.1 1.1 92.1

2 4 Zam subsurface 2.9 7.9 3.8 0.5 92.4

3 100 Ail surface 2.9 8.4 5.3 0.9 88.3

4 100 Ail subsurface 3.9 8.2 6.1 0.9 88.6

5 Salkhit surface 10.5 8.1 4.6 1.0 91.4

6 Salkhit subsurface 11.0 8.0 4.0 1.3 90.6

7 Officer Palace surface 5.5 8.4 3.1 1.2 91.8

8 Officer Palace subsurface 2.6 8.1 2.0 1.9 91.9

9 Zaisan surface 9.7 7.3 8.2 0.9 87.1

10 Zaisan subsurface 5.0 7.7 6.1 0.5 89.8

randomly selected rural soils from 6 different prov-

inces. Most rural and urban soils contained moderate

amounts of hornblende and other iron-bearing miner-

als. Anatase was detected (from trace amount up to

1.7%) in some rural samples as well as in urban soils,

denoted as 100 Ail subsurface, Salkhit surface, Zaisan

and Officer Palace surface and subsurface (content in

the surface was 1.2%).

The concentrations of 47 elements in Ulaanbaatar

soils were tabulated in Table 3, in comparison to the soil

average values quoted in Vinogradov [33] and Bowen

[5]. The data pertaining to rural soils have been reported

by Tserenpil et al. [31]. Since the contents of various ele-

ments in rural soils of Mongolia fell within the range of

values for soils worldwide, they could serve as a refer-

ence for uncontaminated soils in the region. Concen-

trations of trace elements were in the similar range for

urban and rural soils for elements including Co, Cr, Cs,

Cu, Mn, Nb, Ta Tl, U and V and were comparable with

the soil average. The average Zn concentration for both

rural (average of 115 mg kg–1) and urban (average of

148 mg kg–1) soils was similar in magnitude but 2 and
3 times higher than the world average, respectively. As

high as 259 mg kg–1 value was also reported in another
investigation in rural soils [19]; hence, this finding may
be ascribed to regional natural abundance although
anthropogenic pollution may also have contributed.
Kasimov et al. [12], for example, reported a background

value of 41 mg kg–1 for soils from the Gatsuurt and
Songino areas, located just outside the centralized
urban sites. However, average concentration of W was

6.8 mg kg–1 and 3.5 times greater than the rural back-
ground, which may be associated with its local geologi-
cal feature.

We might add that Ulaanbaatar soils accumulated
some chalcophile elements, namely, As, Cd (at some
sites), Hg, Pb, Sb and Zn; those tend to be enriched in
fossil fuels. Although slightly elevated concentrations

for As (9.4–21.7 mg kg–1), Cd (up to 2.1 mg kg–1), Pb

(20.4–54.7 mg kg–1) and Sb (1.8–4.7 mg kg–1) were

Table 2. Mineralogical composition of soils in Ulaanbaatar

* Trace amount of K-feldspar; + trace amount; – not detected.

Sample designation Quartz Anorthite Illite
Mont-

morillonite
Kaolinite Hornblende Calcite Dolomite

Fe 

containing 

mineral

4 Zam surface 63.2 25.0 2.1 4.6 – 1.7 0.9 1.6 0.9

4 Zam subsurface 68.2 21.8* 2.8 2.0 1.5 3.1 + + 0.6

100 Ail surface 52.8 29.4 2.9 2.4 1.7 0.7 8.2 1.2 0.9

100 Ail subsurface 68.3 24.3 – 1.0 – – 5.7 + +

Salkhit surface 53.0 19.4 2.5 4.2 4.6 1.1 14.3 1.0 +

Salkhit subsurface 52.1 32.4* 4.6 4.9 + 2.6 2.4 – 1.0

Officer Palace surface 54.7 14.5 6.6 5.7 4.0 2.2 8.8 – 2.3

Officer Palace subsurface 51.7 16.0 4.8 8.5 3.2 2.2 8.2 3.8 1.6

Zaisan surface 43.2 45.8 1.6 3.0 1.3 2.0 1.2 0.8 1.0

Zaisan subsurface 65.6 11.4 6.2 3.5 4.9 2.6 4.8 + 1.1
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observed, the Hg level was approximately 40 times
higher than its abundance in the earth’s upper crust. It
should be investigated further if it was affected by a
local gold mining, where Hg was used to recover Ag
through amalgamation [27]. Between the sampling
points concentrations of elements with environmental
interest were differed by showing more accumulations
of As, Cl, Hg and Pb at 100 Ail, Officer and Zaisan
than at other sites. At Salkhit site concentrations were
lower, which may be correlated with its windward loca-
tion in the city. Concentration of Cl in urban soils was
greater (an average 16 times) than its abundance in the
soils, particularly at 100 Ail location the Cl accumula-

tion was extremely high both in surface (6160 mg kg–1)

and subsurface sample (4160 mg kg–1). Deicing agents
may be a common Cl source due to the extremely con-
tinental climate conditions along with other Cl contain-
ing products.

A survey 2008 [13], on different functional zones in
Ulaanbaatar indicated that the soil cover was polluted
weakly, meantime the pollution index decreased in
relation to the soil ecological-geochemical state in
1990. These observations were explained in terms of
the reduction in the industrial activity, natural attenu-
ation in soil over time (‘self-purification’), and fre-
quent wind gusts blowing away contaminants from
bare and loose soil covers. On the other hand, Table 3
showed that the average concentrations of trace ele-
ments in Mongolian soils were often in a lower end of
the concentration ranges for the elements, including,

6.2–11.0 mg kg–1 for Co, 32.2–77.5 mg kg–1 for Cr,

3.2–5.4 mg kg–1 for Cs, 21.7–36.5 mg kg–1 for Cu,

539–646 mg kg–1 for Mn, 12.1–21.8 mg kg–1 for Ni,

0.64–1.17 mg kg–1 for Ta, 0.4–0.5 mg kg–1 for Tl and

1.9–3.6 mg kg–1 for U. Similarly, Cheng [7] has con-
cluded that Chinese soils have low background levels
of metals, including Pb.

Concentrations of lead and its stable isotopic com-
position. By the1990s, the vast majority of soils in the
industrial and residential areas of Ulaanbaatar were
already polluted by Pb even when the city’s population
was lower, and the number of motor vehicles was
much smaller than it is at present [12]. The soil Pb
concentration exceeded twice the average value, being
5–7 times higher for soils from central areas than soils
from the outer regions. A maximum Pb concentration

of 430 mg kg–1 was recorded with an average value of

46 mg kg–1 for 90 topsoil samples taken in 2008 from
different zones in Ulaanbaatar [13]. Figure 2 showed
the variations in Pb concentration for Ulaanbaatar
soils as reported by different authors during sampling
campaigns in years 1990, 2007, 2008 and 2013. Analy-
sis of variance (ANOVA) between data sets revealed a
statistical significance at a lower level (p-value 0.064)
[29]. Moreover, continuous increase in the average Pb
concentration was not observed with time, when data
sets were compared. In the present investigation, we

measured a maximum Pb concentration of 54.7 mg kg–1

for the Zaisan topsoil while the values for rural soils var-

ied from 16 to 32 mg kg–1, comparable with the range of

24–33 mg kg–1 reported by Kasimov et al. [13].

Table 4 lists the Pb isotopic composition, expressed

as ratios of 208Pb/204Pb, 207Pb/204Pb, 206Pb/204Pb,
208Pb/206Pb and 206Pb/207Pb for the soils, TSP and
coals as well as for coal ash. Based on the multi ele-
ment composition, the rural soils were considered to
be unpolluted, hence their Pb contents may serve as a
baseline for the country. By the same token, the Pb
isotopic composition of rural soils would reflect the
natural abundance of the isotopes in question.

The 206Pb/207Pb ratio for rural soils ranged from
1.186 to 1.207, and the ratio for soils from Ulaanbaatar
city ranged from 1.163 to 1.185. Similarly, the
206Pb/204Pb ratio for the randomly collected rural soils
(18.470–18.840) was appreciably higher than the
range of values observed for urban soils (18.128–
18.316), especially those adjacent to busy arterial roads

(Table 4). By contrast, the 208Pb/206Pb ratio for rural
soils was lower than that for urban soils. This observa-
tion was consistent with the radiogenic origin of Pb
much of which was derived from weathered bedrocks.

In other words, the isotopic (208Pb/206Pb) ratio for
uncontaminated soils was essentially influenced by the

radioactive decay of 238U yielding 206Pb as the end
product. Further evidence showed that the isotopic
composition for the rural soils are indicative as a
regional phenomenon. For instance, Gobi Desert in

southern Mongolia exhibited the 206Pb/207Pb ratio as
1.200–1.211 [3], and it was reported to be 1.183–1.203
for the China Loess Plateau to which the Mongolian
Gobi contributes significantly [34]. Similar values of

1.187–1.191 (18.409–18.521 for the 206Pb/204Pb) were

Fig. 2. Variations in average Pb concentration of Ulaan-
baatar soils since 1990 in relation to the background value
for uncontaminated soils and the maximum permissible
limit set for Mongolia. Gray bars refer to values measured
in 1990 [12]; 2007 [1]; 2008 [13] and 2013 (present study).
White bar denotes background concentration [31]; and
dashed line represents permissible limit (PL) in the coun-
try (MNCSM, MN 11047:2007). Values of maximum Pb
concentrations from separate surveys were shown on top of
each bar.
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found also in volcanic materials sampled from a vol-

canic field in a border area between China and Mon-

golia [11].

It was noteworthy that the surface and subsurface

soils from urban districts had similar Pb isotopic ratios

along with similar Pb concentration range. For exam-

ple, the 206Pb/207Pb ratio of the soils from the Salkhit

site was 1.185 for the surface samples and 1.182 for the

subsurface materials; these values were slightly higher

than those measured at other sites in the city. The low-

est 206Pb/207Pb ratio was obtained for the Zaisan, lee-

ward location by prevailing wind direction (Fig. 1),

being 1.163 for the surface and 1.167 for the subsurface

sample. It would appear that Pb isotopic composition

for both natural and human-altered environments are

not sensitive to weathering and processing although

Table 4. Lead isotopic ratios and total Pb contents for rural and urban soils in Mongolia and source related materials

a SD for given values are 1 × 10–3; b1 × 10–4 and c 1 × 10–5 orders of magnitude; †median value excluding data at Salkhit site; ‡ PP-Power
Plant; § TSP1 – Total Suspended Particulates from Ulaanbaatar atmosphere between November and December, 2013; § TSP2 – Total Sus-
pended Particulates from Ulaanbaatar atmosphere between December, 2013 and January, 2014.

Sample assignation Pb content, mg kg–1 208Pb/204Pba 207Pb/204Pbb 206Pb/204Pbb 208Pb/206Pbc 206Pb/207Pbc

Rural soils

1. Bayan Olgy 19.15 38.465 15.595 18.585 2.070 1.192

2. Gobisumber 3 26.30 38.486 15.592 18.630 2.066 1.195

3. Gobisumber 28 23.70 38.476 15.592 18.626 2.066 1.195

4. Gobisumber 41 24.70 38.440 15.593 18.593 2.067 1.192

5. Gobisumber 52 25.35 38.327 15.598 18.597 2.061 1.192

6. Sukhbaatar 1 23.00 38.492 15.596 18.635 2.066 1.195

7. Sukhbaatar 2 22.10 38.525 15.593 18.641 2.067 1.195

8. Dornod 1 15.50 38.365 15.580 18.470 2.077 1.186

9. Dornogobi 1 17.13 38.323 15.573 18.493 2.072 1.187

10. Dundgobi 1 19.35 38.383 15.572 18.548 2.069 1.191

11. Dundgobi 2 32.03 38.114 15.608 18.840 2.023 1.207

12. Dundgobi 3 18.55 38.334 15.581 18.585 2.063 1.193

13. Dundgobi 4 19.00 38.339 15.576 18.608 2.060 1.195

Median 18.55 38.390 15.588 18.604 2.064 1.194

Urban soils

14. 100 Ail surface 45.87 38.206 15.597 18.247 2.094 1.170

15. 100 Ail subsurface 46.71 38.182 15.593 18.266 2.090 1.171

16. 4 Zam surface 33.18 38.166 15.576 18.218 2.095 1.170

17. 4 Zam subsurface 31.11 38.194 15.574 18.257 2.092 1.172

18. Zaisan surface 54.71 38.108 15.585 18.128 2.102 1.163

19. Zaisan subsurface 45.66 38.161 15.581 18.175 2.100 1.167

20. Officer surface 26.99 38.242 15.576 18.276 2.093 1.173

21. Officer subsurface 28.60 38.252 15.567 18.316 2.089 1.177

22. Salkhit surface 20.35 38.397 15.573 18.448 2.081 1.185

23. Salkhit subsurface 20.38 38.350 15.571 18.407 2.083 1.182

Median 39.10 38.226 15.579 18.274 2.092 1.173

Related materials

24. Ash PP4‡ 38.876 15.646 19.614 1.982 1.254

25. Ash PP3‡ 39.202 15.654 19.716 1.988 1.260

26. Coals (average) 39.240 15.630 19.324 2.031 1.236

27. TSP1§ 38.206 15.596 18.261 2.092 1.171

28. TSP2§ 37.615 15.424 18.064 2.082 1.171
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their values can change through receiving inputs from
secondary Pb sources. Thus, Pb isotopic ratios can be
used to pinpoint the source of pollution.

Depressed values of 206Pb/207Pb ratio for Ulaan-
baatar soils reflect the “mixing” of Pb pollution
sources, notably coal combustion and also car emis-
sion. Several approaches and models are available to
differentiate Pb sources. Figure 3 shows a three-iso-
tope plot for the Mongolian soils investigated and
other related materials. Two areas, corresponding to
urban and rural soils, were distinguished by analysis of
variance (p = 0). The Pb isotope composition for the
urban Salkhit site was close to that for rural (uncon-
taminated) soils, its value being at the border between
the urban and rural sites. This finding was consistent
with this site being located away from busy roads and
upwind direction from the city center.

Mongolia uses coal as the main fuel for generating
heat and electricity, with ca. 5 million tons being con-
sumed annually in Ulaanbaatar city [2]. Little infor-
mation, however, is available on the Pb isotopic com-
position of source related materials. As such, at this
time it was not possible to interpret temporal changes
in Pb pollution in terms of specific sources. The high
208Pb/204Pb (38.876–39.202) and 207Pb/204Pb (15.646–
15.654) ratios for f ly ash determined in this investiga-
tion may be related to the geological age of the parent

coal deposits. The average 206Pb/207Pb ratio of 1.236
measured for Mongolian coals (Table 4) would also
indicate that Mongolian coals was more radiogenic

than either coals (206Pb/207Pb = 1.206) used in Irkutsk,

Russia [22]), or the coals (206Pb/207Pb = 1.17–1.18) in
China [6, 23]. Although the radiogenic emission of Pb
from coal combustion does not constitute the sole
input of Pb into the urban soils in Ulaanbaatar, it has

the effect of increasing the 206Pb/207Pb ratio with
respect to natural fractionations. If coal combustion
was a significant source to the soil Pb pollution, its
contribution to the Pb content in the urban samples
would be rather pronounced in mid-winter, when
large quantities of coal are used for heating. Nonethe-
less, aerosol samples taken between November, 2013

and January, 2014 disclosed the 206Pb/207Pb ratio of
1.171 (a sampling location NUM as depicted in Fig. 1),
which resembled to the urban soils. However, disper-
sions of pollutants could be different day-to-day
depending on weather conditions and sampling loca-
tions. In this point aerosol samples need to be moni-
tored with high frequency and in different locations
around Ulaanbaatar.

Natural non-ore materials, such as soil and coal,
generally tend to be more radiogenic in terms of their
Pb isotopic composition as compared to aged mineral
Pb deposits. As such, the input into urban soils of Pb
from leaded gasoline would diminish the radiogenic
character of the samples [23]. Thus, leaded gasoline
(as a source of Pb pollution) was a factor affecting the
Pb isotopic ratio of urban soils in Mongolia. Unfortu-

nately, information is lacking on Pb contents and its
isotopic composition in the fuels imported into Mon-
golia. To the first approximation, however, we may use

published data on the 206Pb/207Pb ratio for leaded gas-
oline from Russia and China, the principal suppliers

of fuel to the Mongolian market. The 206Pb/207Pb ratio
of 1.134–1.149 was reported for Russian fuel [22] and
1.157 ± 0.006 for vehicle exhaust [16], and were close
to the range of values measured for ores from Kazakh-
stan. In larger extent of its territory, the Russian Far

East and the Baikal region showed the 206Pb/207Pb
ratio from 1.140 to 1.167 in its atmospheric depositions

between 2005 and 2007 [25]. The 206Pb/207Pb ratio of
Chinese ores varied from 1.081 to 1.176, with lower val-
ues being recorded for ores from Northern China by
Mukai et al. [22]. Relatively low values (1.098–1.116)
in Chinese cities have also been measured for vehicle
exhaust due to the use of imported alkyl-lead additives

with a characteristically low 206Pb/207Pb ratio [6]. It

would therefore appear that the low 206Pb/207Pb signa-
tures of leaded gasoline from Russia and China lie
behind the depression in the Pb isotopic ratio for
Ulaanbaatar soils, notably those sampled along the
traffic roads.

The 206Pb/207Pb ratio was examined in aerosol
specimens those collected in June 1994 and August
1995 in Ulaanbaatar and was found 1.128 and 1.163,
respectively [4]. As it is indicated aerosols were sam-

Fig. 3. Three-isotope plot for rural and urban soils in
Mongolia. Open circles denoted isotopic ratios in urban
soils; whereas filled dark circles for atmospheric aerosols in
1994 and 1995 [4] and grey circles correspond to winter
aerosols in 2013–2014 (this investigation). Stars are refer-
ring to the atmospheric depositions from Russian Far east
and Baikal region. Open diamonds refer to rural soils, and
filled diamonds to samples from Chinese Loess [34], and
to Mongolian Gobi [3]; Filled triangles signify Mongolian
coal and Power Plant f ly material.
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pled during the non-heating months in Ulaanbaatar;
therefore, changes in the Pb isotopic ratio dominantly
influenced by the automobile exhaust and a difference
in values from 1994 and 1995 years indicating a change
in sources. It may be timely coincident with opening of
extensive trade of the country with the southern neigh-
bor i.e., China. The aerosol value found in 1995 was
same as values for the soils adjacent to the main traffic
roadsides and aerosol samples in this investigation.
The Pb pollution source seems to remain nearly con-
stant and locally generated. Moreover, it raises skepti-
cism about whether or not Mongolia completely
phased out the use of the leaded fuels [32].

CONCLUSIONS

Soils within the Ulaanbaatar city were differed with
high total organic matter content; and mineralogical
composition also varied compared to the Mongolian
rural soils. Total of 47 elements were determined for
their distributions by using nuclear analytical and
plasma based techniques, latter one requires acid diges-
tions. Insignificant enrichment of elements such as As,
Pb, Sb, W and Zn was observed, but not all of them are
regarded as anthropogenic pollutants in this context.
However, very high accumulation of Hg and Cl obvi-
ously is associated with character of the land use.

Up to several decades ago, the soils in Ulaanbaatar
were polluted moderately by some heavy and toxic
metals (e.g., Pb), but this situation is not worsened

over time. The 206Pb/207Pb ratio of 1.163–1.185 for
urban soils was appreciably lower than the value of
1.186–1.207 measured for rural soils. The latter range
of values was indicative of natural fractionation
between stable isotopes and corresponding to a
regional natural fingerprint. By comparison, the
206Pb/207Pb ratio of 1.236 was recorded for the coals
and 1.257 for f ly ash materials collected from the two
main coal-fired power plants in the city. The contribu-
tion of radiogenic Pb emissions from coal combustion
did not appear to be dominant. The relatively low
206Pb/207Pb ratios for urban soils would indicate an
input of Pb (from lead ore) used as an additive in gas-

oline. The 206Pb/207Pb ratios for roadside soils in
Ulaanbaatar soils, however, were higher than those
measured for Russian and Chinese leaded gasoline
and vehicle exhausts. Thus, vehicle exhaust and coal
combustion appear to have a competing influence on
the Pb isotopic composition of urban soils. As a result,

the 206Pb/207Pb ratio for Ulaanbaatar soils deviates
from that of leaded gasoline or coal, and would indi-
cate only moderate pollution by Pb. Literature data on
Ulaanbaatar aerosol from 1995 were comparable to

the urban soil 206Pb/207Pb composition with value of
1.163. The ratio resembled in recent urban aerosol
samples and was 1.171. Therefore, it may be assumed
that the Pb pollution source in Ulaanbaatar was nearly
constant. However, to verify this observations more

experiments will be needed. The present investigation
provided valuable baseline data of Mongolian Pb pol-
lution and isotopic signatures under the condition of
continuous atmospheric transport.
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