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I' u6onn I. u ap. E18-2005-113
H3zyuenue TMOC(epHBIX BbII AE€HUH HEKOTOPBHIX DJIEMEHTOB B OKPECTHOCTIX
¥Yn v-b TOp C MCMONB30B HUEM OMOMOHHUTOPOB (MXOB, I WHUKOB) 1 MHAA

Briepsble mi1s1 onpesienienus 3 rpsa3HeHus Bo3ayx B ropoge Yi H-B Top — cronuue Mounro-
JIUK ObUTH UCIIOJIb30B HbI OMOMOHHUTOPBI (MXHU M JIMII WHHUKH). THCTPYMEHT JIbHBIN HEUTPOHHO-
kTuB muoHHbl H mu3 (MHAA) B HWBP-2 no3Bosm onpenenuTs KOHIEHTP IHU 35 aiieMeH-
TOB B GuoMoHuTOp X. Mertogom MHAA ¢ UCIOnb30B HUEM TEIUIOBBIX, PE30H HCHBIX HEHUTpO-
HOB OBUIM IIPO H JIM3UPOB HBI OOp 31l MXOB, JIUII HHUKOB, COOp HHBIX CO CKJIOHOB TODBI,
H xomauierics H p ccrogHun 10-15 kM K rory ot ¥n vH-B Top . [Ing u3ydenuss TtMocgep-
HBIX BBIIN JIEHUH ObLTH MCIIONBb30B HBI MXH Rhytidium rugosum, Thuidium abietinum, Entodon
concinnus v i iHUKYM Cladonia stellaris, Parmelia separata. B pe3ynbT T€ W3ydyeHus I H-
HBIX OOp 310B MOK 3 HO, YTO BBIOp HHBIE THIIBI MX MOTYT OBITh MCIIOJIB30B HBI B K YECTBE
OGMOMOHUTOPOB TMOC(EPHBIX BBII JEHUI B OKpECTHOCTIX ropox Yi H-B Ttop. IlonmydeHHbie
Pe3yJbT Thl CP BHUB IOTCS C J HHBIMM TMOC(EPHBIX BBII JEHUN B HEKOTOPBIX €BPONEHCKUX
rocyl PCTB X.

P 6or Bemonuen B JI 6op Topuu HeiirponHo# ¢usuku um. U.M.Dp ux OUAU u
LlenTpe smepHBIX nccneqos HAH MOHIOMBCKOTO rOCY[ PCTBEHHOTO YHHBEPCHTET .

Coobruenrie OObeIMHEHHOTO HHCTUTYT SIOEPHBIX HccaenoB Huil. dy6n , 2005

Ganbold G. et al. E18-2005-113
Atmospheric Deposition of Trace Elements Around Ulan-Bator City Studied
by Moss and Lichen Biomonitoring Technique and INAA

For the first time the moss and lichen biomonitoring technique has been applied to
air pollution in Mongolia (Ulan-Bator, the capital city). INAA at the IBR-2 reactor has
made it possible to determine the content of 35 elements in moss and lichen biomonitors.
Samples collected at sites located 10-15 km from the center of Ulan-Bator were analyzed
by Instrumental Neutron Activation Analysis (INAA) using epithermal neutrons. The mosses
(Rhytidium rugosum, Thuidium abietinum, Entodon concinnus) and lichens (Cladonia stellaris,
Parmelia separata) were used to study the atmospheric deposition of trace elements. It was
shown that the suggested types of mosses could be used as suitable biomonitors to estimate the
concentration levels of heavy metals and trace elements in Ulan-Bator atmospheric deposition.
The results are compared to the data of atmospheric deposition of some European countries.

The investigation has been performed at the Frank Laboratory of Neutron Physics, JINR,
and Nuclear Research Center of National University of Mongolia.
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INTRODUCTION

Ongoing concern about atmospheric pollutants underlies the efforts to estab-
lish a control program in many countries. In practice, controlling (anthropogenic)
air pollutants is a very complex problem: sources and emissions have to be
identified, analytical methods have to be evaluated, risks have to be assessed,
critical emissions have to be controlled, and economical aspects have to be in-
tegrated. Many countries in the world determine the levels of trace elements in
the atmosphere by using suitable biomonitors such as lichens and mosses [1-4].
Biomonitoring is an important tool for assessing the atmospheric pollution and in
monitoring the dynamic behavior of environmental changes.

This study is the first attempt to evaluate levels of atmospheric deposition of
heavy metals and some trace elements near Ulan-Bator, a city with a I-million
population, using specific types of lichen and moss biomonitors growing in the
arid climate of Mongolia.

1. EXPERIMENTAL PROCEDURE

The methods used in this study are based on the Scandinavian recommenda-
tions [1] adapted to the local environmental conditions as described below. INAA
at FLNP, JINR, is widely used for air-pollution study in Central Russia, Eastern
Europe, and Balkans [5-8].

1.1. The Study Area. Ulan-Bator is the only industrial and cultural center in
Mongolia, with a population of over one million. The city is located in the valley
of Tool river, and is bordered by massive mountains south (Bogd Khan), east
(Bayan Zurkh), north (Chingeltei) and west (Songino Khairkhan). Main sources
of air pollution are:

— three power plants using brown coal as a fuel during the year;

— around 100 local heating systems also using brown coal in winter;

— over 90 thousand the yurtas and houses heated by coal during winter (6
months);

— vehicle combustion exhausts (70 000 cars, 3 500 taxis and 2 500 buses).



1.2. Sampling, Collection and Preparation of Samples. The sampling
procedure was similar to that used in European project «Atmospheric heavy
metals deposition in Northern Europe 1990, 1995, 2000» [1]. The name, date
and some geographical data and sampling points are shown as red crosses in
physical map of Mongolia (Fig. 1) and given in Table 1. Two samples of lichen
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Fig. 1. Physical map of Mongolia. The sample-collection places are shown by red
Crosses

(Cladonia stellaris) were collected from the north site of Mongolia: Ulaan Taiga
of Ulaan Uul somon (Khubsugul aimak) on 2001 and 2002. These are located
900 km to the north-west of Ulan-Bator. Another sample was collected from
Burkhan Khaldun Uul (Khentei aimak, Khan Khentei mountain protected area)



located 260 km to the north-east of Ulan-Bator in 2001. All of these samples
were used as reference background or clean samples.

Table 1. Name of biomonitors, sampling places, date and some geographical data

No. sz;e Sampling Sampling | Altitude,| Latitude | Longitude
. . place date m by GPS | by GPS
biomonitors
1. Lichen, Khubsugul, 2200 45°51’ 97°98’
. July 05,
Cladonia Ulaan Uul, 2001
stellaris Ulaan Taiga
2 Lichen, Khubsugul, 2412 | 45°51" | 89°9%’
. July 07,
Cladonia Ulaan Uul, 2002
stellaris Ulaan Taiga
3 Lichen, Khentei, 1741 | 48°44’ | 109°02'
) August 20,
Cladonia Umundelger, 2001
stellaris Burkhan Khaldun
Uul
4 Lichen, Ulan-Bator, 1610 | 47°51’ | 106°53’
; May 26,
Cladonia Bogd Khan Uul,
. .. 2002
stellaris Bogini Am
5 Lichen, Ulan-Bator, 1610 | 47°51’ | 106°56’
) May 26,
Parmelia Bogd Khan Uul,
L. 2002
separata Zaisani Am
6 Moss, Ulan-Bator, 1610 | 47°51" | 106°53’
. May 26,
Rhytidium Bogd Khan Uul,
. 2002
rugosum Zaisani Am
7 Moss, Ulan-Bator, 1610 | 47°51’ | 106°53’
. May 26,
Thuidium Bogd Khan Uul,
.. .. 2002
abietinum Bogini Am
8 Moss, Ulan-Bator, 1610 | 47°51’ | 106°53’
May 26,
Entodon Bogd Khan Uul,
. .. 2002
concinnus Zaisani Am

Two species of lichens [Cladonia stellaris (Fig.2) and Parmelia separata
(Fig. 3)] and three species of mosses [Rhytidium rugosum (Fig.4), Thuidium abi-
etinum (Fig.5) and Entodon concinnus (Fig. 6)] were collected during the May of
2002 from 6 points in northern Bogd Khan Uul (protected area) in a 40 x 40 m
area, located 10—15 km from the center of Ulan-Bator. Sampling and sample
handling were performed using polyethylene gloves, and samples were stored in
paper bags.



Fig. 2. Lichen Cladonia stellaris collected from Burkhan Khaldun Uul (Khentei aimak,
Umundelger somon), 2001

Fig. 3. Lichen Parmelia separata collected from Bogd Khan Uul, 2002
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Fig. 4. Moss Rhytidium rugosum collected from Bogd Khan Uul, 2002

Fig. 5. Moss Thuidium abietinum collected from Bogd Khan Uul, 2002



The lichen and moss samples were cleaned from all dead parts and attached
litter, and only the green and green-brown shoots were analyzed, after 24 hours of
drying at 40° C. Samples were not subjected to washing. For long-term irradiation
using epithermal neutrons, lichen and moss samples of about 300 mg were packed
in aluminum cups. For short-term irradiation (conventional NAA) samples of
about 300 mg were heat-sealed in polyethylene foil bags.

1.3. Analysis (Instrumental Neutron Activation Analysis). Neutron activa-
tion analysis was performed at the Frank Laboratory of Neutron Physics, JINR,
Dubna. Most elements were determined by ENAA with detection limits within
the range of 0.01-10 g/g. The samples were irradiated in channels of the fast
pulsed reactor IBR-2, the flux parameters of neutron at irradiation channels: the
thermal neutron flux density of 1.1E 4 12 n/cm?-s and fast neutron density of
1.4E 4 12 n/cm? -s [4-6]. For the neutron flux density measurement, gold foil
was used [6]. Two kinds of analyses was performed: long irradiation (for 100 h)
in channel (Chl) was used to determine elements associated with long-lived radio-
nuclides (As, Cd, Ba, Br, Ce, Cs, Eu, Fe, Ni, La, Rb, Sb, Sc, Se, Sm, Th, U,
Zn) and short irradiation (for 20 min) in channel (Ch2) was used for short-lived
radio-nuclides (Al, Ca, Cl, I, K, Na, Mg, Mn, V, Cu).

Gamma-ray spectra were recorded 4-5 times using gamma spectrometer with
HP Ge detectors. Cooling times of 5 and 10 min are chosen after decay peri-
ods following the short irradiation, and 5, 13, and 20 days following the long
irradiation. The elements were determined by INAA shown in Tables 2-3. The
lichen and moss, which were collected from Bogd Khan Uul, are presented in
Figs.2-6. The results of INAA of lichen, which were collected from Khubsugul
(Ulaan Uul), are shown in Table 4. The comparison results of lichen samples
Nos. 1 and 2, which were collected from Khubsugul (Ulaan Uul), are shown in
Table 4 more reliably.

2. DISCUSSION AND CONCLUSIONS

e We concluded that lichens (Cladonia stellaris and Parmelia separata) and
mosses (Rhytidium rugosum, Thuidium abietinum and Entodon concinnus) shown
in Table 1 and collected from Bogd Khan Uul are more suitable and useful
biological indicators for air-pollution control of the capital city of Ulan-Bator,
Mongolia.

e The Nuclear Analytical (INAA) Technique has a sensitivity and an accuracy
for the monitoring measurement of heavy metals and trace elements better than
biological indicators. Results are shown in Tables 2 and 3.

e From Table 4, the result’s reproducibility of INAA for lichen Cladonia
stellaris from the clean area of Ulaan Taiga, Khubsugul, 900 km from Ulan-
Bator collected in 2001 and 2002 is quite acceptable. It can be seen that the



Fig. 6. Moss Entodon concinnus collected from Bogd Khan Uul, 2002

ratio of results Nos. 1 and 2 has the value around 1 and the difference of values
9.46 %.

e From Table 2, the results of INAA lichen samples collected from clean area
of Ulaan Taiga, Khubsugul aimak, (Nos. 1 and 2, mean data) and Burkhan Khal-
dun Uul, Khentei aimak, (No.3) 900 and 260 km from Ulan-Bator respectively,
and Bogd Khan Uul located 10—15 km to the south of the centre of Ulan-Bator
(Nos. 4 and 5), and their mean data. Table 5, a shows the ratio of mean contents
of elements in lichen samples collected from clean areas and polluted areas. From
these data we concluded that ration element contents are: Na, Mg — 5.5; iron
group Sc, Cr, Ti, V, Mn, Fe, Co and Ni — from 3.1 to 6.8; toxic elements such
as Se — 1.6 and As — 6.1; Ca — 50; U — 16 and Br — 10.

e In Table 5, b, the ratios of mean content elements in lichen samples collected
from clean areas (Khubsugul, Ulaan Taiga) and Khentei, Burkhan Khaldun Uul,
are shown. From these data, we can conclude that ratios of element contents such
as Na — 3.1; Mg — 1.5; iron group Sc, Cr, Ti, V, Mn, Fe, Co and Ni are from
1.4 to 2.6; toxic elements such as Se, Hg — 0.3 — 0.5 and As — 1.4; Ca —
3.8; Th, U — 1.9 and Br — 2.1. It means that Burkhan Khaldun Uul, Khentei
aimak, has the influence of air pollution of Ulan-Bator city.

o The ratio of content elements in polluted moss and lichen are shown in
Table 6. From these data we can conclude that moss is a more effective indicator
than lichen.

e Comparison results are shown in Table 7 and the polluted level of Ulan-
Bator aerosols is the same as in some European countries such as Serbia, Bulgaria
and Poland.



Table 2. Concentration of elements (mg/kg; AX, %) in lichen samples

Mean data Khentei, Bogd Khan | Bogd Khan Mean data of
Element | Khubsugul, Burkhan Uul, Bogini | Uul, Zaisani lichens from
Ulaan Taiga Khaldun Am (No.4) | Am (No.5) | Bogd Khan Uul
Uul (No. 3)

Na 196.5 (10) 612 (10) 1140 (10) 1220 (10) 1180 (10)
Mg 466.5 (29) 697 (29) 1740 (29) 3220 (29) 2480(29)
Al 1251 (20) 1210 (20) 2390 (20) 8780 (20) 5585 (20)
Cl 1.69 (26) 4.18 (26) 9.66 (26) 6.26 (26) 7.96 (26)
K 2103 (23) 1930 (23) 2250 (23) 5280 (23) 3765 (23)
Sc 0.238 (13) 0.519 (13) 0.616 (13) 1.98 (13) 1.298 (13)
Ca 78.2 (33) 295 (33) 827 (33) 6660 (33) 3743 (33)
Cr 1.3 (23) 3.5 (23) 4.2 (23) 9.7 (23) 7.0 (23)

Ti 50.0 (43) 75.8 (43) 99 (43) 551 (43) 325 (43)
v 3.68 (20) ND ND 14.2 (20) 14.2 (20)
Mn 25.7 (6) 66.4 (6) 176 (6) 130 (6) 153 (6)

Fe 519 (5) 1220 (5) 2190 (5) 4940 (5) 3565 (5)
Co 0.28 (12) 0.58 (12) 0.79 (12) 2.21 (12) 1.5 (12)

Ni 0.85 (26) 1.20 (26) 2.23 (26) 3.13 (26) 2.68 (26)
Zn 12.9 (5) 19.4 (5) 31.8 (5) 30.1 (5) 30.9 (5)

Se 0.11 (25) 0.04 (25) 0.05 (25) 0.30 (25) 0.17 (25)
As 0.35 (6) 0.49 (6) 0.59 (6) 3.70 (6) 2.14 (6)

Br 0.55 (25) 1.16 (25) 2.21 (25) 8.44 (25) 5.3 (25)

Sr 5.96 (14) 26.3 (7) 37.0 (7) 64.6 (7) 50.8 (7)

Rb 5.74 (9) 4.88 (9) 5.33 (9) 10.8 (9) 8.06 (9)

Zr 1.69 (49) 4.47 (24) 7.15 (15) 22.8 (15) 14.97 (15)
Nb 0.16 (50) 0.35 (29) 0.52 (24) 1.94 (24) 1.23 (24)
Sb 0.048 (17) 0.063 (17) 0.103 (14) 0.301 (14) 0.202 (14)
Ba 8.45 (12) 32.1 (9) 41.8 (9) 54.2 (9) 48.0 (9)

Cs 0.45 (13) 0.26 (13) 0.33 (13) 1.04 (13) 0.68 (13)
Ta 0.016 (25) 0.033 (25) 0.036 (25) 0.110 (25) 0.073 (25)
La 0.69 (7) 1.21 (7) 1.32 (7) 9.20 (7) 5.26 (7)

Ce 1.2 (15) 2.8 (13) 4.0 (12) 23.6 (12) 13.8 (12)
Nd ND 1.50 (52) ND 6.96 (29) 6.96 (29)
Eu ND ND 0.071 (33) 0.393 (30) 0.232 (32)
Sm 0.13 (7) 0.217 (7) 0.289 (7) 1.81 (7) 1.05 (7)

Tb 0.014 (34) 0.170 (34) 0.024 (34) 0.172 (34) 0.098 (34)
Dy 0.075 (43) 0.126 (42) 3.89 (38) 1.06 (38) 2.47 (38)
Tm ND 0.022 (19) 0.041 (20) 0.117 (11) 0.079 (15)
Hf 0.064 (12) 0.125 (9) 0.178 (9) 0.523 (9) 0.35 (9)

w 0.51 (11) 1.32 (11) 0.81 (11) 5.16 (11) 2.98 (11)
Au 0.002 (6) 0.003 (7) 0.022 (6) 0.004 (6) 0.013 (4)
Hg 0.006 (40) 0.003 (33) 0.027 (36) 0.014 (36) 0.020 (36)
Th 0.20 (10) 0.32 (10) 0.44 (10) 2.55 (10) 1.49 (10)
U 0.13 (15) 0.25 (15) 0.68 (14) 3.45 (14) 2.07 (14)

Note: ND — nondetected.




Table 3. Concentration of elements (mg/kg; AX, %) in moss samples

Bogd Khan Bogd Khan Bogd Khan Mean data Range of
Element Uul, Zaisani Uul, Bogini Uul, Zaisani of mosses content in
Am (No. 6) Am (No.7) Am (No.8) o mosses
Na 1590 (10) 1380 (10) 1120 (10) 1363 (10) 1120-1590
Mg 5460 (28) 5420 (28) 4970 (28) 5283 (28) 4970-5460
Al 9430 (20) 10800 (20) 7120 (20) 9117 (20) 7120-10800
Cl 6.23 (26) 5.07 (26) 7.84 (26) 6.38 (26) 5.07-7.84
K 1040 (23) 1130 (23) 1180 (23) 1117 (23) 1040-1180
Sc 2.13 (13) 2.01 (13) 1.42 (13) 1.85 (13) 1.42-2.13
Ca 1830 (33) 2060 (33) 1330 (33) 1740 (33) 1330-2060
Cr 12.70 (23) 8.10 (23) 8.76 (23) 9.85 (23) 78.1-12.7
Ti 458 (42) 746 (42) 493 (42) 566 (42) 458-746
v 13.4 (20) 18.0 (20) 10.5 (20) 14.0 (20) 10.5-18.0
Mn 232 (6) 289 (6) 256 (6) 259 (6) 232-289
Fe 6400 (3) 5810 (3) 4370 (3) 5527 (3) 4370-6400
Co 3.18 (10) 3.01 (10) 2.12 (10) 2.77 (10) 2.12-3.18
Ni 3.98 (21) 3.82 (21) 3.48 (21) 3.76 (21) 3.48-3.98
Zn 36.3 (5) 38.4 (5) 33.2 (5) 36.0 (5) 33.32-38.4
Cu ND ND 66.0 (28) 66.0 (28) 10-66
Se 0.18 (22) 0.19 (22) 0.16 (22) 0.17 (22) 0.16-0.19
As 3.68 (6) 3.66 (6) 2.30 (6) 3.21 (6) 2.30-3.68
Br 2.55 (25) 3.75 (25) 2.40 (25) 2.90 (25) 2.40-3.75
Sr 112.0 (6) 98 (6) 80.3 (6) 97 (6) 80-112
Rb 13.4 (9) 13.1 (9) 10.0 (9) 12.2 (9) 10.0-13.4
Zr 28.6 (10) 23.5 (10) 18.5 (10) 23.5 (10) 18.5-28.6
Nb 2.11 (22) 1.94 (22) 1.51 (22) 1.85 (22) 1.51-2.11
Sb 0.336 (13) 0.398 (13) 0.273 (13) 0.336 (13) 0.273-0.398
Ba 135 (8) 126 (8) 117 (8) 126 (8) 117-135
Cs 1.27 (13) 1.20 (13) 0.89 (13) 1.12 (13) 0.89-1.27
Ta 0.158 (25) 0.137 (25) 0.120 (25) 0.138 (25) 0.120-0.158
La 6.14 (7) 6.19 (7) 4.14 (7) 5.49 (7) 4.14-6.19
Ce 19.5 (12) 18.2 (12) 13.0 (12) 16.9 (12) 13.0-19.5
Nd 5.78 (32) 5.07 (32) 2.56 (32) 4.47 (32) 2.56-5.78
Eu 0.20 (28) 0.20 (28) 0.18 (28) 0.19 (28) 0.18-0.20
Sm 1.07 (7) 1.20 (7) 0.85 (7) 1.04 (7) 0.85-1.20
Tb 0.124 (33) 0.120 (33) 0.080 (33) 0.108 (33) 0.080-0.124
Dy 0.84 (39) 0.79 (39) 0.75 (39) 0.79 (39) 0.75-0.84
Tm 0.136 (7) 0.123 (8) 0.084 (9) 0.114 (9) 0.084-0.136
Hf 0.71 (8) 0.61 (8) 0.48 (9) 0.60 (8) 0.48-0.71
w 3.99 (11) 3.69 (11) 1.95 (11) 3.20 (11) 1.95-3.99
Au 0.008 (8) 0.008 (8) 0.007 (8) 0.008 (8) 0.007-0.008
Hg 0.072 (32) 0.060 (31) 0.052 (32) 0.061 (32) 0.052-0.072
Th 2.71 (10) 2.50 (10) 1.73 (10) 2.55 (10) 1.73-2.71
U 4.27 (14) 3.99 (14) 2.34 (14) 3.53 (14) 2.34-4.27




Table 4. Content of elements (mg/kg; AX, %); concentration ratio and mean content of
elements in lichen sample Nos. 1 and 2, collected from Ulaan Taiga, Khubsugul

Lichen Lichen Ratio of Mea.n data of
Element lichens
sample No. 1 sample No.?2 contents Nos. 1 and 2
11 Na 196 (10) 197 (10) 0.99 196.5 (10)
12 Mg 471 (29) 462 (29) 1.02 466.5 (29)
13 Al 1530 (20) 972 (20) 1.57 1251 (20)
17 C1 1.89 (26) 1.49 (26) 1.27 1.69 (26)
19 K 3610 (23) 2700 (23) 1.34 2103 (23)
20 Ca 90.1 (33) 66.3 (33) 1.36 78.2 (33)
21 Sc 0.231 (14) 0.245 (14) 0.94 0.238 (14)
22 Ti 47.4 (46) 52.7 (46) 0.90 50.05 (46)
23V 2.69 (20) 4.67 (20) 0.57 3.68 (20)
24 Cr 1.42 (30) 1.27 (30) 1.12 1.34 (30)
25 Mn 25.8 (6) 25.7 (6) 1.00 25.7 (6)
26 Fe 522 (5) 516 (5) 1.01 519 (5)
27 Co 0.28 (14) 0.28 (14) 1.00 0.28 (14)
28 Ni 0.80 (26) 0.91 (26) 0.88 0.85 (26)
30 Zn 14.1 (5) 11.7 (5) 1.20 12.9 (5)
33 As 0.34 (6) 0.36 (6) 0.94 0.35 (6)
34 Se 0.13 (26) 0.09 (26) 1.44 0.11 (26)
35 Br 0.64 (25) 0.47 (25) 1.36 0.55 (25)
37 Rb 6.20 (9) 5.28 (9) 1.17 5.74 (9)
38 Sr 5.40 (14) 6.53 (14) 0.83 5.96 (14)
40 Zr 1.66 (52) 1.73 (52) 0.96 1.69 (52)
41 Nb 0.17 (50) 0.15 (50) 1.13 0.16 (50)
51 Sb 0.065 (15) 0.031 (15) 2.1 0.048 (15)
55 Cs 0.49 (13) 0.41 (13) 1.19 0.45 (13)
56 Ba 9.35 (12) 7.56 (12) 1.24 8.45 (12)
57 La 0.67 (7) 0.71 (7) 0.94 0.69 (7)
58 Ce 1.62 (14) 1.62 (14) 1.00 1.62 (14)
62 Sm 0.15 (7) 0.12 (7) 1.25 0.13 (7)
65 Tb 0.012 (34) 0.016 (34) 0.75 0.014 (34)
66 Dy 0.074 (44) 0.076 (44) 0.97 0.075 (44)
72 Hf 0.07 (12) 0.058 (12) 1.20 0.064 (12)
73 Ta 0.016 (25) 0.016 (25) 1.00 0.016 (25)
74 W 0.643 (11) 0.387 (11) 1.66 0.515 (11)
79 Au 0.002 (6) 0.003 (6) 0.67 0.0025 (6)
90 Th 0.193 (11) 0.212 (11) 0.91 0.202 (11)
92U 0.133 (15) 0.127 (15) 1.11 0.13 (15)
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Table 5, a. Ratio contents of elements (mg/kg; AX, %) in clean and polluted lichen samples

Mean data (mg/kg)

Mean data (mg/kg)

Ratio contents

Element of lichens Nos. 1 'and 2 of lichens . of elements
from Ulaan Taiga, from Bogd Khan, in clean and polluted
Khubsugul Ulan-Bator lichens
Na 196.5 (10) 1180 (10) 6.0
Mg 466.5 (29) 2480 (29) 5.3
Al 1251 (20) 5585 (20) 4.5
Cl 1.69 (26) 7.96 (26) 4.7
K 2103 (23) 3765 (23) 1.8
Sc 0.238 (14) 1.298 (14) 5.4
Ca 78.2 (33) 3743 (33) 47.8
Cr 1.34 (30) 7.0 (23) 52
Ti 50.0 (44) 325 (42) 6.5
\% 3.68 (20) 14.2 (20) 3.8
Mn 25.75 (6) 153 (6) 5.9
Fe 519 (5) 3565 (4) 6.8
Co 0.28 (14) 1.5 (11) 5.3
Ni 0.85 (26) 2.68 (25) 3.1
Zn 12.9 (5) 30.95 (4) 24
Se 0.11 (25) 0.175 (23) 1.6
As 0.35 (6) 2.14 (6) 6.1
Br 0.55 (25) 5.3 (25) 9.6
Sr 5.96 (14) 50.8 (7) 8.5
Rb 5.74 (9) 8.06 (9) 1.4
Zr 1.69 (49) 14.97 (15) 8.8
Nb 0.16 (50) 1.23 (24) 7.7
Sb 0.048 (16) 0.202 (14) 4.2
Ba 8.45 (12) 48 (9) 5.7
Cs 0.45 (13) 0.68 (13) 1.5
Ta 0.016 (25) 0.073 (25) 4.5
La 0.69 (7) 5.26 (7) 7.6
Ce 1.62 (15) 13.8 (12) 8.5
Nd ND 6.96 (29) —
Eu ND 0.232 (32) —
Sm 0.13 (7) 1.05 (7) 8.1
Tb 0.014 (34) 0.098 (33) 7.0
Dy 0.075 (43) 2.47 (38) 329
Tm ND 0.079 (15) —
Hf 0.064 (12) 0.35 (9) 5.5
w 0.515 (11) 2.98 (11) 5.8
Au 0.0025 (6) 0.013 (4) 52
Hg 0.006 (40) 0.02 (36) 33
Th 0.202 (11) 1.49 (10) 7.4
U 0.13 (15) 2.07 (14) 15.9
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Table 5,b. Concentration of elements (mg/kg; AX, %) in lichen samples

Khubsugul,

Khentei, Burkhan

Ratio contents

Element Ulaan Taiga of elements in clean
(mean datag) Khaldun Uul (No. 3) and polluted lichens
Na 196.5 (10) 612 (10) 3.1
Mg 466.5 (29) 697 (29) 1.5
Al 1251 (20) 1210 (20) 0.9
Cl 1.69 (26) 4.18 (26) 2.5
K 2103 (23) 1930 (23) 0.9
Sc 0.238 (14) 0.519 (13) 2.2
Ca 78.2 (33) 295 (33) 3.8
Cr 1.34 (30) 3.49 (29) 2.6
Ti 50.0 (44) 75.8 (44) 1.5
A% 3.68 (20) ND —
Mn 25.75 (6) 66.4 (5) 2.6
Fe 519 (5) 1220 (5) 2.3
Co 0.28 (14) 0.58 (12) 2.1
Ni 0.85 (26) 1.20 (31) 1.4
Zn 12.9 (5) 19.4 (5) 1.5
Se 0.11 (25) 0.04 (28) 0.3
As 0.35 (6) 0.49 (6) 1.4
Br 0.55 (25) 1.16 (25) 2.1
Sr 5.96 (14) 26.3 (7) 4.3
Rb 5.74 (9) 4.88 (9) 0.8
Zr 1.69 (49) 4.47 (24) 2.6
Nb 0.16 (50) 0.35 (29) 2.2
Sb 0.048 (16) 0.063 (17) 1.3
Ba 8.45 (12) 32.1 (9) 0.4
Cs 0.45 (13) 0.26 (13) 0.6
Ta 0.016 (25) 0.033 (13) 2.0
La 0.69 (7) 1.21 (7) 1.7
Ce 1.62 (15) 2.82 (13) 1.7
Nd ND 1.50 (52) —
Sm 0.13 (7) 0.22 (7) 1.6
Tb 0.014 (34) 0.170 (34) 12.1
Dy 0.075 (43) 0.126 (42) 1.7
Tm ND 0.022 (19) —
Hf 0.064 (12) 0.125 (9) 1.9
W 0.515 (11) 1.32 (11) 2.6
Au 0.0025 (6) 0.003 (7) 1.5
Hg 0.006 (40) 0.003 (33) 0.5
Th 0.202 (11) 0.317 (10) 1.5
U 0.13 (15) 0.25 (15) 1.9
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Table 6. Ratio contents of elements (mg/kg; AX %) in polluted lichen and moss samples

Mean data Mean data Ratio contents
Element of lichen samples from of moss samples of elements in lichen
Bogd Khan Uul from Bogd Khan Uul and moss samples
Na 1180 (10) 1363 (10) 1.15
Mg 2480 (28) 5283 (28) 2.13
Al 5585 (20) 9117 (20) 1.63
Cl 7.96 (26) 6.38 (26) 0.80
K 3765 (23) 1117 (23) 0.3
Sc 1.298 (13) 1.85 (13) 1.4
Ca 3743 (33) 1740 (33) 0.46
Cr 7.0 (23) 9.85 (23) 1.4
Ti 325 (42) 566 (42) 1.7
\ 14.2 (19) 13.97 (19) 1.0
Mn 153 (6) 259 (6) 1.7
Fe 3565 (4) 5527 (3) 1.5
Co 1.5 (11) 277 (11) 1.8
Ni 2.68 (25) 3.76 (21) 1.4
Zn 30.95 (4) 35.97 (5) 1.16
Cu ND 66.0 (28) —
Se 0.17 (23) 0.17 (22) 1.0
As 2.14 (6) 3.21 (6) 1.5
Br 5.3 (25) 2.9 (25) 0.5
Sr 50.8 (7) 97 (6) 1.9
Rb 8.06 (9) 12.17 (9) 1.5
Zr 14.97 (15) 23.5 (10) 1.57
Nb 1.23 (24) 1.85 (22) 1.5
Sb 0.202 (14) 0.336 (13) 1.7
Ba 48 (9) 126 (8) 2.6
Cs 0.68 (13) 1.12 (13) 1.6
Ta 0.073 (25) 0.138 (25) 1.9
La 5.26 (7) 5.49 (7) 1.0
Ce 13.8 (12) 16.9 (12) 1.2
Nd 6.96 (29) 4.47 (29) 0.6
Eu 0.232 (32) 0.19 (28) 0.8
Sm 1.05 (7) 1.04 (7) 1.0
Tb 0.098 (33) 0.108 (33) 1.1
Dy 2.47 (38) 0.79 (38) 0.3
Tm 0.079 (15) 0.114 (9) 1.4
Hf 0.35 (9) 0.60 (9) 1.7
W 2.98 (11) 3.20 (11) 1.1
Au 0.013 (4) 0.008 (8) 0.6
Hg 0.02 (36) 0.061 (33) 3.0
Th 1.49 (10) 2.55 (10) 1.7
U 2.07 (14) 3.53 (14) 1.7
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Table 7. Elemental concentrations (mg/kg) in moss samples collected near Ulan-Bator,
Mongolia, and data of some European countries for comparison

Mongolia (/N =8) Russia (N =56) Serbia (N =92) Bosnia (N = 23)
Element Ulan-Bator (South. Urals)
Median Range  Median Range  Median Range Median  Range
Na 1363 1120-1590 346 104-1304 694 178-2440 360 91-1100
Mg 5283  4970-5460 3096 1188-15400 2780  1100-8130 2670 1040-9520
Al 9117  7120-10800 2300 810-8877 6800  1280-22090 6270 2305-20740
Cl 6.38 5.07-7.84 250 55-1114 256 105-1030 344 156-715
K 1117 1040-1180 6954 3011-13260 5090 2710-11750 4820 1950-6820
Ca 1740 1330-2060 3972 1720-13800 7720 2890-18120 10310 5323-34330
Sc 1.578 1.42-2.13 053  0.10-1.78  1.31 0.27-4.13 047  0.13-1.37
Ti 565.7 458-746 71 11-297 57 14-222
\% 13.97 10.5-18.0 7 2.0-28.8 11 2.85-39 11 2.89-34
Cr 9.85 8.1-12.7 11 1.5-1943  6.51 1.14-22 5.09 0.94-19
Mn 259 231-289 285 59-1402 217 30-2340 503 38-1770
Fe 5527  4370-6400 1689 335-20730 3110 720-9230 1600 4394750
Co 2.77 2.12-3.18 0.57 0.14-2.75 8.24 1.42-39 1.09 0.18-7
Ni 3.7 3.48-3.98 32 0.41-939 6.73 1.96-26 7.14 0.92-25
Cu 66 22 3.4-200 94 6.31-3140 22 10.0-67.0
Zn 3597  33.2-384 58 15-304 44 14-415 25 10.0-57
As 3.21 2.30-3.68 1.57 0.37-9.68 3.35 0.46-61 1.12 0.31-3.7
Se 0.177  0.16-0.19  0.29 0.02—2.21  0.39 0.046-10 0.09 0.035-0.18
Br 2.9 2.40-3.75 43  0.09-2540 5.75 1.83-18 4.31 1.99-8.1
Rb 12.17 10.0-13.4 10 2.8-38.6 13 3.0-47 9 3.0-19
Sr 96.67  80.3-112.0 22 6.8-95 14 5.8-32
Mo 0.85 0.12-23 0.97 0.26-3
Ag 0.09 0.01-047 0.078 0.012-1.5 0.052 0.015-0.076
Sb 0336 0.27-0.40 0.5 0.08-3.46  0.52 0.13-7 025  0.068-1.5
Cs 1.12 0.89-1.27 021 0.03-0.61 0.76 0.11-18.2 039  0.079-2.5
Ba 126 117-135 43 6-129 39 13-130 41 8.0-90
La 5.49 4.14-6.19 1.3 0.37-12.58 4.66 1.09-13 3.11 0.82-8
Ce 16.9 13.0-19.5 27  0.53-18.10 9.2 1.84-28 331 0.87-12
Eu 0.194  0.18-0.20 0.08 0.02-0.48 0.17 0.019-0.48
Tb 0.122  0.08-0.12  0.024 0.004-0.171 0.11 0.02-0.36 0.13  0.041-0.31
Hf 0.6 0.48-0.71 021  0.02-1.78  0.78 0.15-2.6 1.06 0.29-3.8
Ta 0.138  0.12-0.16  0.029 0.004-0.108 0.11 0.024-0.29 0.13  0.04-0.36
W 321 1.95-3.99 023  0.05-1.27 1.34 0.19-3.3 021  0.03-0.52
Au 0.008  0.007-0.008 0.006 0.002-0.086 0.0041 0.00029-0.087 0.0057  0.0017
-0.017
Hg 0.061  0.052-0.072 0.55 0.056-2.7 0.53  0.047-4.9
Th 2.313 1.73-2.71  0.29  0.05-242 0.82 0.18-2.4 0.38 0.11-1.5
U 3.53 2.34-427 0.19 0.054.60 0.32 0.08-1.03 0.21  0.05-0.61

Note: N — number of analyzed samples
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Table 7 (continued)

Ele- [Romania (N = 70) Bulgaria (N = 103) Poland (/N = 86) Norway (N = 464)
ment (Transilvania) (West and South) (Copper Basin) Moss survey 2000
Median Range Median Range Median  Range Median  Range
Na 902 192-4330 523 155-5573 152 74-302
Mg | 2850  480-6840 2026 748-12500 1694 800-6480 1543 645-3678
Al | 5545 830-23000 3843  1111-46350 815  237-2590 350  97-10970
Cl 370 160-1300 161 59-1180 226 123-537
K | 7770 4770-19980 5764  3274-20490 5000 515-8708
Ca | 5770 1250-23500 7283  2266-19650 2230 1190-12800 3120 1379
—22512
Sc 0.94 0.21-6.13 0.65 0.2-6.4 0.15  0.03-0.63
Ti 31 10414
\% 8.7 1.9-32 8.4 2.2-112.6 2.5 1.14-8.13 1.35 0.28-22.6
Cr 13.8 2.7-52 32 0.5-26.9 1.43  0.80-3.16 0.69  0.058-259
Mn | 265 27-1470 251 32-986 222 70-896 333 28-5415
Fe | 3290 815-21340 2314 692-14700 357 147-845 362 99-11216
Co 1.41 0.32-7.0 1.08 0.23-10.6 0.26  0.11-1.48 0.17  0.014-2.6
Ni 5.4 0.6-32 4.1 0.5-18.6 1.83  0.09-3.55 1.1 0.057-72.1
Cu 68 18-810 20 7.3-2040 32 1.7-52.7
Zn 135 39-2950 41 19-379 45 31-110 32 9.7-661
As 22 0.59-45.1 1 0.3-59.0 0.61 0.25-6.04 0.135 0.0023
-2.63
Se 0.36 0.08-5.01 0.24 0.01-1.18 033  0.22-0.77
Br 8.6 2.03-20.9 3.6 1.1-11.6 1.38  0.89-2.85
Rb 15 5.8-135 12 3.0-69 22.4 2.0-45.5 9.9 1.2-50.77
Sr 37.4 1.8-290 25 7-106 124 0.69-339 11.5 2-74.2
Mo | 0.65 0.13-10 0.99 0.16-3.36 0.29 0.05-2.42 0.108 0.0087
-2.42
Ag | 0.13 0.03-4.54 0.09  0.04-1.7 0.021 0.0017
-0.27
Sb | 0.88 0.16-51 0.23 0.07-20.2 0.25 0.16-0.79  0.056 0.001-0.46
Cs 0.51 0.12-3.4 0.4 0.1-2.96 0416  0.16-1.3 0.129  0.01-2.06
Ba 101 20-658 68 17-517 1030  5.5-79.2 19.2 4.3-217
La 2.4 0.4-15.2 2.9 0.8-23.7 0.5 0.14-1.61 0.28 0.049-9
Ce 6.1 0.9-42.5 1.1 0.24-3.74 0.54 0.098-17.6
Eu 0.01 <0.0003
-0.24
Tb | 0.07 0.01-042  0.068 0.016-0.610 0.01 0.003-0.09 0.005  <0.0001
—0.16
Hf | 0.56 0.12-4.66  0.46 0.11-4.78 0.09 0.01-0.58  0.006 0.001-0.16
Ta 0.1 0.01-0.66  0.076  0.018-0.563  0.02  0.004-0.13 <0.0005 <0.0005
-0.14
W 1.02 0.12-8.74  0.193 0.03-1.39 0.19  0.02-0.67 0.04  0.002-0.89
Au | 0.025 0.003-0.114 0.004 0.0009-0.0465 0.003 0.001-0.015
Hg
Th | 0.81 0.21-4.16  0.56 0.11-4.53 0.13  0.08-0.45 0.054 <0.0002
-1.7
U 0.28 0.04-1.36 0.2 0.03-1.87 0.08 0.02-0.99 0.017  <0.0004
-0.37
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