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11 Abstract: High mountain areas are an appropriate indicator of anthropogenic lead (Pb), which can
12 reach remote mountain ranges through long distance atmospheric transport. We compared the
13 content of Pb in ecologically equivalent rodent species from Tian-Shan with European mountain
14 ranges including the Tatra, Vitosha and Rila mountains. We used bone tissues from terminal tail
15 vertebrae of small rodents for detection of Pb levels through electro-thermal atomic absorption
16 spectroscopy (AAS). The tailbones of Tian-Shan rodents had significantly lower Pb levels than
17 snow voles from the Tatra Mountains, but there was no significant difference in comparison with
18 the Vitosha and Rila mountains. We can conclude that Tian-Shan shows lower pollution by Pb than
19 the Tatras, which may be a result of prolonged industrialization of north-western Europe and
20 strongly prevailing west winds in this region.
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23

24 1. Introduction

25 Atmospheric lead (Pb) fluctuations are dominated by anthropogenic sources. Even in areas far
26 removed from industrial emission sources, Pb concentrations in the surface soil layers are far above
27  their natural concentration range [1]. Anthropogenic Pb could therefore reach more remote high
28  mountains through long distance atmospheric transport [2].

29 Mountains are amongst the most fragile environments in the world [3]. Many studies have
30  shown that Tian-Shan is one of the mountain ranges in central Asia with the largest anthropogenic
31  sources of heavy metals [4-8]. Pb, Cd and Cu concentrations from the Inilchek ice core (central
32 Tian-Shan) reflect declines during the 1980s concurrent with Soviet economic declines, however, due
33  to the rapid industrial and agricultural growth of western China, Pb, Cd and Cu trends increase
34  during the 1990s [4]. Lead levels rise with altitude in soils, grass and moss tissues. In mosses
35  relatively high amounts of lead were found, reflecting the atmospheric lead pollution in the Kyrgyz
36  Tian-Shan mountains [9]. Sefrna, et al. [10] found that Pb in soils from two altitudinal transects in the
37  northern and the central Tian-Shan was slightly above the world average in almost all locations. In
38  Kazakhstan, the soils on the northern slopes of Dzungarian Alatau contained from 20 to 30 ppm of
39  lead, exceeding the values of the maximum concentration limit [11]. Demand for energy continues to
40  rise in Asia and increased use of fossil fuels threatens to accelerate climate change as well as metal
41  pollution. Little attention has been paid to the synergistic or antagonistic effects of lead with the
42  specific impacts of global warming. Global warming is connected not only to the increase in
43  temperature of the air and intensity of thawing of ice but also to desertification of territories
44  adjoining Tian-Shan. Effects of increased temperature and lead deposition may influence many
45  biological processes including: distribution and concentration of lead within the bodies of different
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46  organisms; changed seasonality of lead poisoning; lead tolerance by plants and animals; inhibition
47  of heme-biosynthesis in vertebrates; increased sensibility of nervous systems; decreased availability
48  of essential elements (e.g. Ca); and change and decline in biodiversity in sensitive regions such as
49  alpine habitats [12]. One of the negative effects of desertification is the increase of dust in the
50  atmosphere and its subsidence on glaciers [13]. The influence of anthropogenous factors leads to
51  impurity of glaciers and mountain water sources. Water source pollution stems from primarily the
52 mining and mineral processing industries. Annual accumulation of waste makes up 25 million m?,
53 42 million tons of tailings and 300 thousand tons of metallurgical slag. Their presence in the Tian
54 Shan environment leads to the pollution of air and soil with lead, zinc, arsenic, cadmium, sulphur
55  oxides and nitrogen or cyanides [14].

56 It is generally known that small terrestrial mammals are the most suitable bio-monitors of
57  heavy-metal pollution to apply findings to humans [15]. In Tian-Shan, the silver mountain vole
58  (Alticola argentatus) and narrow-headed vole (Microtus gregalis) are some of the most widespread
59  rodents. The silver mountain vole is ecologically equivalent to the snow vole (Chionomys nivalis),
60  which is commonly distributed in European high mountains. A. argentatus, similarly to C. nivalis,
61  prefer rocky alpine habitats, and breed twice per year up to 3800 m a.s.1 [16,17]. The species diet
62  consists primarily of small roots, leaves, seeds and flowers [17,18]. The species M. gregalis has a large
63  population size and a wide distribution. It inhabits altitudes up to 4,000 m, including tundra, plains
64  and mountain steppes and meadows. This species lives in high mountains similarly to A. argentatus
65  and C. nivalis. Narrow-headed voles feed on various wild and cultivated plants, but tend to prefer
66  legumes. Their reproductive period lasts throughout the warmer months of the year; in tundra zones
67  reproduction often starts under snow cover. The species has up to 4 litters in mountains and
68  northern areas. [19]. The silver mountain vole is on The IUCN Red List of Threatened Species under
69  ‘Least Concern’ in view of its wide distribution, presumed large population, and because it is
70  unlikely to be declining fast enough to qualify for listing in a more threatened category. This widely
71  distributed species has been recorded from the mountainous areas of Central Asia (eastern
72 Kazakhstan, Uzbekistan, Kyrgyzstan and Tajikistan), western China (northern Xinjiang and Gansu),
73 northern Afghanistan, North West Frontier Province in Pakistan and Jammu and Kashmir [20].

74 In our previous study, we confirmed that the Carpathians are still one of the most polluted
75  mountain ranges in Europe [21]. We decided to compare the lead pollution in the West Carpathians
76  (Tatra mountains) and Vitosha and Rila mountains (Bulgaria) in Europe with one of the most
77  polluted mountain ranges in central Asia - the Tian-Shan mountains. We hypothesized that the
78  Tian-Shan would be more lead polluted than European mountains as is indicated by several studies
79  on Tian-Shan pollution with heavy metals. We also predicted that the silver mountain vole and
80  narrow-headed vole from Tian-Shan are ecologically equivalent rodent species to snow voles from
81  European mountain ranges and are suitable indicators of lead in high mountain environments. The
82  aim of our study was to investigate Pb levels in mountain rodents from Tian-Shan and compare the
83  results with equivalent rodent species from European mountain ranges.

84

85 2. Experiments

86  Sample collection

87 To compare the lead levels in the bones of rodents, two of the most abundant species of rodents
88  inTian-Shan, A. argentatus and M. gregalis were studied. Both species live up to 4000 m a.s.l. and they
89  are very common in the high mountains. Rodents were trapped at the following locations during the
90  year 2012: A. argentatus: Ala Archa (N42°31'52.9", E74°31'29.7"") — 5 specimens, September 9, and Besh
91  Tash (N42°1024.6", E72°32'37.2") — 1 specimen, August 20; Besh Tash (N42°12'37.4", E72°28'57.4") - 1
92 specimen, June 20; and Ala Bel (N42°12'13.3", E73°02'41.4") — 1 specimen, August 21 and M. gregalis:
93  Suyak Pass (N41°48'16.8", E77°45'33.9"") — 3 specimens, September 2.

94 Sampling was performed during one-night live-trap periods at each site using 30 Sherman live
95  traps baited with commercial seeds for rodents. The traps were divided into line transects and set up
96  approximately 10 m apart from one another. The captured animals were identified at species level
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97  and terminal parts of their tails were clipped. Bone tissues from terminal tail vertebrae of small

98  rodents were used for detection of Pb levels. The individuals were immediately released at the point

99  of capture.
100 The snow voles were sampled from September to October 2009-2010 in Slovakia (High Tatras,
101  Brestova and Biele plesd) and 2009 in Bulgaria (Rila, Vitosha). In the four monitoring fields in
102  Slovakia and Bulgaria, Sherman traps baited with fresh apples and commercial seeds for rodents
103  were divided into squares or lines and set up approximately 10 m apart from one another. Trapped
104  individuals were determined and parts of their tails were also clipped. For details on sample
105 collection see Janiga, Hrehova, Dimitrov, Gerasimova and Lovari [21].

106
107  Detection of lead levels
108 Pb content in all rodent tails was determined by using electro-thermal atomic absorption

109  spectroscopy (AAS Perkin Elmer 1100B, Norwalk, Connecticut, USA). The device was equipped
110  with deuterium background correction and an HGA 700 graphite furnace with an automated
111 sampler AS-70 and worked under the following conditions: wavelength 283.3 nm; slit 0.7 nm; lamp
112 current 10 mA. We programed the temperature as follows: Drying 1: 70/10/10; Drying 2:150/2/60;
113 Pyrolysis: 800/15/30; Atomization: 1800/0/3; Cleaning: 2500/0/3 (temperature (°C)/ramp time (s)/ hold
114  time (s)).

115 To prepare calibration solutions, a certified stock standard solution 1000 mg/l of Pb (Merck,
116  Darmstadt, Germany) and the calibration range 5 — 20 pg/l were used. We applied NHsH2POx4 (0.2
117  mg) as a matrix modifier during Pb determination.

118 The results were evaluated from the calibration curve and the accuracy of the determination
119  was proven by the standard addition technique. Results of the three additions were accepted only
120  when the linear regression equation had a fit of at least 0.99. The Pb detection limit was 0.5 ug/kg.
121  Procedural blanks and calibration standards were taken through digestion and storage procedures
122 to evaluate contamination from reagents and containers. The method precision was better than <5%
123 (RSD).

124 The accuracy of the method was established by analysing of the reference material Bovine Liver
125  No. 12-2-01 (Slovak Metrological Institute). The determined value (0.70+0.05 mg/kg) agreed well
126 with the certified value (0.71+0.08 mg/kg), and within the uncertainty limit established for the
127  material.

128
129  Statistics
130 The mean concentrations of Pb in rodent tail bone tissues were compared between different

131 mountain ranges (Tatra, Vitosha and Rila, and Tian-Shan Mountains). For the comparison of Pb
132 amounts between Tatra Mountains and Vitosha and Rila Mountains, our already published data
133  from snow vole tails were used [21]. The Pb amounts among different groups were statistically
134 compared using one way ANOVA and Fisher's Least Significant Difference (LSD) test at the 95%
135  confidence level (p<0.05). The statistical analyses were performed with Statistica 12 software for
136 Windows.

137 3. Results

138 Rodents from Tian-Shan had relatively variable levels of Pb content in the tail vertebrae. The
139 highest values seem to be from National Park Ala Archa, located not far from Bishkek, the capital of
140  Kyrgyzstan (Table 1). Lead levels in tail vertebrae were significantly higher in the voles from the
141 West Carpathians than from the Tian Shan mountains or from Bulgarian mountains, Rila and
142 Vitosha (Figure 1).

143
144 Table 1. Pb contents in two vole species from Tien-Shan obtained by using electro-thermal atomic
145 absorption spectroscopy.

Pb
[pg/gl®

Date Species Location
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11.9.2012  Alticola argentatus ~ Ala Archa 2.94+0.12
11.9.2012  Alticola argentatus ~ Ala Archa 2.54+0.14
11.9.2012  Alticola argentatus ~ Ala Archa 5.59+£0.11
11.9.2012  Alticola argentatus ~ Ala Archa 10.7 +0.38
11.9.2012  Alticola argentatus ~ Ala Archa 11.1+0.28
22.8.2012 Alticola argentatus  Besh Tash  4.21+0.14
2.9.2012  Microtus gregalis ~ Suyak Pass 1.18 £ 0.18
29.2012  Microtus gregalis ~ Suyak Pass 3.46 +0.12
2.9.2012  Microtus gregalis ~ Suyak Pass 4.67 +0.25
23.8.2012 Alticola argentatus ~ AlaBel  4.77+0.25
22.6.2012 Alticola argentatus Besh Tash  2.07 +0.11

146 ! ochar .=0.10 g/l
147
148
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149 Figure 1. Mean lead concentrations (ug/g dry weight) in the tail vertebrae of voles from the Tatra,
150 Vitosha and Rila mountains, and Tian-Shan mountains. Groups with different indices are
151 significantly different at P = 0.05 (One-way ANOVA, Fisher's LSD test).
152 4. Discussion
153 With the current rapid economic development in the Tian-Shan Mountains, anthropogenic

154 sources are playing principal roles in serious heavy metal accumulations in this region. This problem
155  warrants immediate and widespread attention to prevent further deterioration of the soil and water
156  environments [7]. For example, analysis of samples from Miaoergou flat-topped glacier, eastern
157  Tian-Shan, showed long-term variations of atmospheric transport and deposition of metals at high
158  altitudes [8]. Contamination by heavy metals increased markedly, especially after the 2000s. Lake
159  Sayram in central Chinese Tian-Shan was considered to be moderately polluted by Cd, Hg, and Pb.
160  Furthermore, the measurements of 206Pb/207Pb ratios demonstrate that mining, coal burning
161  emissions and Pb in vehicle gasoline were major sources of heavy metal pollution in the Tian-Shan
162 region [5].
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163 In alpine habitats, food chains via herbivores may carry considerable concentrations of lead.
164  Many species respond quickly to various environmental changes and geographical differences in
165  lead loadings. We found significant difference in the amount of lead in the voles from Tian Shan and
166  the West Carpathian mountains. Small mammals are top indicators of short-term lead pollution due
167  to their small body size, high metabolic rate and short lifespan [22]. In contrast, large herbivores are
168  more useful for biomonitoring of regional and long-termed differences in lead pollution [23]. During
169  completion of our research projects in Tian Shan mountains, Hancinsky [24] used field XRF
170  spectrophotometry and compared the amount of lead in the bones of wild ruminants from
171 Tian-Shan (Ovis ammon polli, Capra sibirica) to those from the West Carpathian mountains (Rupicapra
172 rupicapra tatrica). He detected lead (above the measurement limit) in one of 38 Tian Shan Owvis and
173 Capra samples. Comparatively, in the Tatra chamois, 57 per cent of a total of 30 samples contained
174 detectable lead. Results on lead levels in the bones of short-termed as well as long-termed
175  herbivorous bio-indicators provide compelling evidence and support our previous findings [23] that
176  the West Carpathians and mainly the High Tatra mountains represent a barrier for the atmospheric
177  pollutants from the north-west part of Europe. In Slovakia, there are only a few local small polluters
178  situated throughout the Tatras, and investigation shows that contamination by lead in mountain
179  regions is caused by long-range transport. Thus, considerable attention must be paid to the West
180  Carpathians, where the atmospheric lead loads are significantly higher than more polluted regions
181 such as Tian Shan or the Bulgarian Balkan mountains [25]. Our data from Suyak Pass was collected
182  from a highly polluted valley used by the Kumtor company for transport of gold and other mineral
183  resources. Kumtor is recognized as one of the most important environmental polluters in
184  Kyrgyzstan [25]. In spite of this, voles from the valley showed lower bone concentrations of lead
185  than voles from the Tatra mountains.

186 Pb concentrations steadily decline with increasing trophic levels, but the accumulation of heavy
187  metals in specific animal organ tissues should not be neglected, though transfer of metals to animals
188  from plants and insects is limited [26]. Exposure of wildlife to potentially toxic lead is of concern in
189  instances where the availability of dietary Ca and P is low and the availability of lead is high.
190  Depressed levels of Ca are particularly effective in increasing the uptake and toxicity of Pb in birds
191 and mammals [27,28]. Valaskova and Janiga [29] compared 21 element concentrations in the bones
192 of domestic and wild ruminants from the Tian Shan mountains and found that domestic animals
193  accumulated more P and Ca in the bones than wild mountain ungulates. This difference is probably
194  associated with the requirement for calcium during lactation and with varying quality of diet during
195  the winter period [30]. Domestic animals are fed during the winter and they need not suffer from
196  nutrient deprivation. The primary reason for mineral deficiencies in grazing animals, (including
197 phosphorus, calcium, sodium, cobalt, selenium and zinc) is a lack of plant-available minerals in soil
198 [31]. Sivertsen et al. [32] reported evident interspecific differences between the amount of heavy
199  metals found in the tissues of wild and domestic ruminants. Lead and aluminium levels were
200  considerably higher in reindeer tissues compared to moose and sheep. Since a higher mobility of
201  calcium is probably maintained in wild than domestic animals, lead may interfere with calcium
202  metabolism to a greater extent in the wild as these animals may accumulate lead through ossification
203 [33]. Reindeer generally took up more elements from atmospheric deposition than sheep. This was
204  due to the high level of lichens in their diet [32]. Mosses and lichens are also a significant component
205  of the winter diet of snow voles in Europe, and the amount of lead in the vole bones rapidly
206  increased with age in winter. The increase did not continue in overwintered adults in summer and
207  autumn [35]. Silver mountain vole (A. argentatus) is considered a keystone species in ecosystem
208  succession and its presence is an indicator of the well-being of the ecosystem [35]. The species’ diet
209 consists mainly of small roots, leaves, seeds and flowers. According to the results of 80 stomachs
210 examined from different seasons, silver mountain voles consume similar herbaceous food like
211  narrow-headed voles. The species breeds from April to October and has a maximum of two - three
212 litters. They sometimes consume animal food, e.g. Thysanoptera were found in their stomachs [17,18].
213 Snow voles also sometimes consume animal products, but in their stomachs mainly green remains of
214 Poa and Taraxacum were found, which are also preferred by silver mountain voles and
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215  narrow-headed voles [36]. Narrow-headed vole (M. gregalis) also breeds from April to September,
216  and lives in colonies up to 4000 m a.s.l. [17,18]. The food components and breeding behaviours
217  constitutes suitable evidence to conclude that the silver mountain vole and the narrow-headed vole
218  are ecologically equivalent rodent species to snow voles from European mountain ranges.

219 This study has shown that small rodents could be sampled to measure the bioavailability of
220  lead to mammals in high mountain regions. Our results indicate that voles are suitable indicators of
221  lead. This could be useful for ongoing monitoring or geographical studies, especially in fragile
222 alpine habitats most likely to be affected by transboundary pollution.

223

224 5. Conclusions

225  The Tian-Shan mountains are less polluted by Pb than the West Carpathians, perhaps as a result of
226  the longer history of industrialization in Western Europe as well as prevailing winds, which
227  transport the atmospheric pollutants from the north-west parts of Europe toward the Tatra
228  mountains. We can conclude that voles are very suitable indicators of the bioavailability of lead to
229  mammals in high mountains and the silver mountain vole and the narrow-headed vole are
230  ecologically equivalent rodent species to snow voles from European mountain ranges.
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