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B 2. Poonuxu Heanoeckoit oo1acmu ¢ ucnoib308anuem Memooos Gunuko-xXxumuueckozo
anHanu3a u OUOMOHUMOPUHZ2A ObLIA GbINOJIHEHA OUEHKA Kauecmea ammociepHozo 8030yxa u
HOYBEHHO20 NOKPOBA: NPOGEOEH AHAIU3 00pA3U0E NOYEbl U CHezd, OUOMOHUMOPUHZ 00PA3 08
Mxa, onpedenieH noxazamenv gaykmyupytowieit acummempuu (UDA) ona aucmoes bepesvl no-
eucnoii (Betula pendula Roth.). Coodeparcanue snemenmos ¢ oopazuax mxa, nousvt u cheza ycma-
HO6NIEHO npU RNOMOWU HeUMmPOHHO-akmusayuonnozo ananusza (HAA) u amomno-abcopo-
yuonnoit cnekmpomempuu (AAC). B obweit croxncnocmu memooom HAA ovino oonapyrceno
40 snemenmos (Na, Mg, Al, Cl, K, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Zn, As, Se, Br, Rb, Sv, Zr,
Mo, Ag, In, Sb, I, Cs, Ba, La, Ce, Nd, Sm, Eu, Gd, Th, Tm, Yb, Lu, Hf, Ta, W). Pb, Cd u Cu
onpeoenanuce ¢ ucnonvizoeanuem mexuuku AAC. /lna uoenmuuxkayuu nomeHyuaIbHLIX UC-
MOYHUKOG 3A2PA3HEHUS NPUMEHSAIUCH ORUCAMENbHASA CIAMUCIMUKA U (haKmopHbLil AHAIU3, pe-
anuzoeannvie 6 npozpammusix naxemax OriginPro 8 u SPSS 17.0. Ymoowt ouenums 6Kk1ad no-
CMYRnIeHUsA Memasiloe 8 o0pasybl Mxa Om AHMPONOZEHHLIX UCIMOYHUKOE, ObLIU PACCUUMAHDL
koahpuyuenmor ovozawenun (EF). /Ina mozo, umoovl 6viaeumv Haubdonree 3azpA3HEHHbIE
YUACMKU U 0XAPAKMEPU306ANb 0CHOBHbBLE UCIOYHUKI IMUCCUU ROTIIOMAHMOE, ObLIU ROCHpOe-
Hbl KApmuvl NPOCMPAHCMEEHHO20 pachpedeneHus usyuaemolx nemenmos. Ilpu cozoanuu I'UC-
Kapm ucnojp308ainock npozpammuoe ovecneuenue QGIS. Komnnexcnas oyenka Kavecmea 603-
oyxa u nougwl ¢ 2. Poonuku u e2o okpecmnocmax nokasana npuemaemvlit yposeHs 3azpa3HeHuUs.
Yemanoeneno, umo ocnoenvim ucmounukom 3azpAZHeHUA AGIAECMCA MAUUHOCHIPOUMEIbHbLI
3a600, PACNOI0NHCEHHBLIL 6 CE6EPHOIL UACMU HACeleHH020 nyHKkma. Umenno smom 3a6800 A611-
emcs UCHMOYHUKOM 3azpa3HeHus noyevl Zn, As, Fe u Co. 3nauenuas UH®A ycneuwno noomeep-
Jcoarom nosyuennsvle OanHvle. Boiaeneno, umo 3azpaznenue nougsl oxazviéaem Ooabuiee 6ausA-
nue na H®A, uem 3azpaszuenue ammocgepni. Ilpeonoricenvt mepvt no oxpane npupoosl.

KuroueBble c10Ba: Ka4eCcTBO BO3yXa M MOYBBI, aTMOC(hepHbIe BRINTAJCHNS, HEUTPOHHBIH aKTHBAIU-
OHHBIN aHaJIM3, AaTOMHas1 a0COPOLIMOHHAs CIIEKTPOCKONHSI, OMOMOHUTOPHHT IIPH OMOLIH MXOB, (DIIYKTYUDYIO-
11as acCUMMETpHsl, GaKTOPHBIN aHaIN3
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Air and soil quality assessment at the Rodniki town, lvanovo Region, was performed us-
ing physical chemical analysis and biomonitoring techniques: soil and snow analysis, moss bio-
monitoring, fluctuating asymmetry (IFA) for the silver birch (Betula pendula Roth.). Elemental
content in moss, soil and snow samples was determined by neutron activation analysis (NAA) and
atomic absorption spectrometry (AAS). A total of 40 elements (Na, Mg, Al, Cl, K, Ca, Sc, Ti, V,
Cr, Mn, Fe, Co, Ni, Zn, As, Se, Br, Rb, Sr, Zr, Mo, Ag, In, Sh, I, Cs, Ba, La, Ce, Nd, Sm, Eu, Gd,
Th, Tm, Yb, Lu, Hf, Ta, W) was determined by NAA. To determine concentrations of Pb, Cd, and
Cu AAS technique was used. To reveal potential sources of element-pollutants the descriptive sta-
tistics and factor analysis were applied in OriginPro 8 and SPSS 17.0 software packages for Win-
dows. To evaluate the contribution to the metal content in moss from anthropogenic sources, en-
richment factors (EF) were calculated. Distribution maps were prepared to point out areas most
affected by pollution and to characterize the main deposition patterns of pollutants. To create GIS
maps QGIS software was used. The complex assessment of the air and soil quality of the Rodniki
town and its vicinity showed an acceptable level of the contamination. It was established that the
main source of pollution is the machine-building plant situated in the north of the town. This
plant causes soil contamination by Zn, As, Fe, and Co. The IFA values successfully confirm the
obtained concentration data. Besides, it was established that the soil contamination has a bigger
influence on IFA than atmospheric pollution. Measures for nature conservation are suggested.

Keywords: air and soil quality, atmospheric deposition, neutron activation analysis, atomic absorption
spectrometry, moss biomonitoring, fluctuating asymmetry, factor analysis
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INTRODUCTION cal methods, the biomonitoring techniques have be-
Environmental quality is one of the main fac-  COme more attractive owing to the high-speed of the
tors determining the living standard of population. ~ response, simplicity, and cheapness.

Nowadays along with the traditional physical chemi- Mosses showed themselves the most appro-
priate organisms among different species used for the
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atmospheric deposition of air pollutants such as heavy
metals, nitrogen, POPs (persistent organic pollutants)
and radionuclides due to the lack of cuticle, roots, and
conducting tissues [1, 2].

Monitoring of atmospheric air pollution using
moss and lichens are successfully carried out around
the world since 1980 [3-9]. The background monitor-
ing of the ambient air quality in Ivanovo region was
performed in preparation to the moss survey 2010 in
the framework of the UNECE ICP Vegetation [10].
The increased concentrations of heavy metals (V, Fe,
Co, Zn) and arsenic were observed in the vicinity of
the town of Rodniki (Fig. 1).

To investigate this phenomenon in details, the
additional monitoring studies were performed: (I)
moss biomonitoring; (11); soil analysis; (I11) snow in-
vestigation; (V) fluctuating asymmetry.

The developmental instability is one of the
major properties of higher plants used recently to ac-
cess an effect of environmental degradation. Quantita-
tively the developmental instability can be found as an
index of fluctuating asymmetry (IFA) [11].

V, mg/kg
m1.15 1452
= 1.82 ©5.19
= 2.50 =5.86

3.17 m6.54

3.84 m7.21

25 0

25 50 100 kM

Fig. 1. Spatial distribution of vanadium in mosses of lvanovo
region
Puc. 1. [IpocTpaHcTBeHHOE pacnpeaeeHre BaHaAus BO MXaxX
MBaHOBCKOH 00nacTu

METODOLOGICAL ASPECTS

Sampling of moss and soil was carried out in
the summer of 2012 and 2013 according to the fol-
lowing scheme: 5 samples of moss and soil were col-
lected at the same sampling sites within the area of
the town and 20 samples were collected along the
cardinal directions (the North, South, East and West)
at0, 0.5, 1, 5, and 10 km distance.

Moss samples were collected and prepared
according ICP Vegetation moss manual [12]. Samples
of soil were collected from the topsoil at the depth of
10-20 cm, dried at room temperature for the constant
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weight, sieved through 1x1 mm grid, and cleaned
from extraneous materials. The 10 samples of snow col-
lected in February of 2014 were melted, and filtered.
Two complementary analytical techniques were used:
neutron activation analysis (NAA) at the reactor IBR-2
of FLNP JINR for determination of elemental content of
moss and soil samples and atomic absorption spectrome-
try (AAS) at the ISUCT for those in snow. A total of 40
elements (Na, Mg, Al, Cl, K, Ca, Sc, Ti, V, Cr, Mn, Fe,
Co, Ni, Zn, As, Se, Br, Rb, Sr, Zr, Mo, Ag, In, Sb, I, Cs,
Ba, La, Ce, Nd, Sm, Eu, Gd, Th, Tm, Yb, Lu, Hf, Ta,
W) was determined by NAA. To determine concentra-
tions of Pb, Cd, and Cu AAS was used. (Pb is not de-
termined by NAA, and Cd and Cu are better determined
by AAS at low concentrations).

According to the theory of the developmental
stability of the environment, the deviation from the
homeostasis conditions is expressed in increased IFA:
small random deviations between left and right parts
of the different morphological structures which nor-
mally possess bilateral symmetry [13].

Among the recommended species of higher
plants [13], the silver birch (Betula pendula Roth.)
was chosen. Leaves sampling was carried out accord-
ing [14] in July of 2012-2013 at 26 sampling sites in
the town of Rodniki and its vicinity. Leaves were col-
lected from the trees having similar age, location, and
duration of illumination. 5200 samples of the leaves
(left and right side of 10 leaves from 10 trees from
each sampling site) were analyzed by the five mor-
phological characteristics measured by the divider and
protractor. Classification of IFA was made in accord-
ance with [15].

Software package SPSS 17.0 for Windows
was used for multivariate statistical analysis, for de-
scriptive and correlation analyses of the results ob-
tained. Skewness and kurtosis coefficients were used
to assess the frequency distributions of heavy metal
concentrations. OriginPro 8 package was used to plot
of the results of descriptive analysis (mean, standard
deviation (SD), minimum, maximum). The data set of
the concentrations obtained was subjected to the prin-
cipal component factor analysis (PCA) with the
Varimax rotation in order to highlight the relations
between the elements and to reveal potential sources
of the element-pollutants.

To evaluate the contribution to the metal con-
tent in moss from anthropogenic sources, enrichment
factors (EF) were calculated. Applied to mosses, EF
compare the concentration of elements of interest (Ci)
with the concentration of a conservative soil element
(scandium in our case) in moss versus local parent
material according to the following equation [16]:
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Ratio values above 10.0 are generally considered
to reflect enrichment of the element in moss [17, 18].

To create GIS maps QGIS software was used.
The Pulkovo 1995 / Gauss-Kruger zone 7 (EPSG 20007)
coordinate reference system was used. Spatial distri-
bution maps were constructed using Inverse Distance
Weighting (IDW) interpolation with the power value 2.

RESULTS AND DISCUSSION

The obtained data are given in the Tables 1-2.
Element content in soil was compared between the
territory of the town and its vicinity. Temporal trends
of the concentrations were also established. Local
background concentrations (Ibg) were evaluated as an
average value among ten lowest concentrations. The
comparison with literature background concentrations
[19] and maximum permissible concentration [20, 21]
was also performed.

Table 1
Average element concentrations (mg/kg) in soil and in moss samples for the Rodniki town
Tabnuya 1. Cpegnue KOHIEHTPALMH 3JIeMeHTOB (MI/KI) B 00pa3iax No4Bsl H MXa B I. PoqHUKH
Rodniki town Region
Town Vicinity Ivanovo Ibg
2013 2013 2010 2010
Na 70109/4712 7850/566 5700/496 5000 /240 2856/138
Mg 1930/355 1640/474 1500/3580 1299/2650 769/1870
Al 40200/3800 40200/3780 28800/2370 26698/1100 16803/615
K 12900/10200 14700/9850 13500/13900 12069/10700 5959/7570
Ca 10100/7190 5840/6150 4000/6370 3726/4000 2105/2600
Sc 7.00/0.67 7.25/0.76 6.10/0.90 5.37/0.36 2.86/0.19
Ti 3160/296 4120/384 6.10/- 5.37/- 2.86/-
\Y 55.3/6.62 50.9/6.54 38.2/5.14 34.1/2.69 19.5/1.57
Cr 315/8.53 374/8.18 64.4/5.92 56.8/2.74 38.7/1.60
Mn 481/164 720/412 850/777 746/682 343/395
Fe 18000/2650 16400/2540 13200/1420 12196/752 8303/422
Co 7.5/1.12 10.1/1.59 7.9/0.87 7.21/0.49 4.48/0.32
Ni 48.6/4.83 33.9/6.36 15.8/6.05 15.3/4.33 6.8/2.62
Cu -/- -/- 6.64/18.4 6.43/8.6 1.59/2.0
Zn 115/228 77/132 45/68.5 39.9/51.5 23.0/34.1
As 3.74/0.72 3.94/0.72 3.1/0.98 2.94/0.60 1.81/0.43
Br 2.41/3.44 3.32/3.87 2.0/4.45 1.92/4.49 1.03/3.05
Rb 55.5/17.5 67.9/17.4 58/14.8 52.3/17.2 29.6/9.70
Sr 98.9/21.1 114/25.3 78/37.0 73.2/26.7 35.3/16.0
Cd -/1.32 -/0.72 0.05/0.58 0.03/0.14 <0.002
Sh 0.51/0.30 1.80/0.25 0.42/0.24 0.38/0.19 0.24/0.11
Cs 1.83/0.26 1.88/0.28 1.6/0.19 1.43/0.16 0.82/0.10
Ba 350/70.3 449/96.0 410/135 371/95 247/45.9
La 20.7/2.20 24.8/2.54 21/1.58 19.2/0.81 10.9/0.44
Ce 40.3/3.96 50.4/4.21 32/2.82 28.4/1.44 16.2/0.75
Sm 2.37/0.40 2.36/0.41 9.5/0.42 11.0/0.18 3.8/0.10
Hf -/0.53 -/0.68 -/0.47 -/0.19 -/0.07
Ta -/0.05 -/0.07 -/0.09 -/0.04 -/0.02
Th 0.43/- 0.51/- 0.47/- 0.42/- 0.21/-
Dy 3.90/- 4.33/- -/- 4.75/- <0.002
W -/0.42 -/0.46 -/0.59 -/0.24 5.38/0.13
Hf 7.13/- 10.8/- 10.1/- 9.05/- 5.38/-
Pb -/- -/- 0.46/13.9 0.22/3.5 0.41/<0.002
Th 5.54/0.54 6.75/0.66 3.1/0.48 4.95/0.22 2.58/0.11
) 1.67/0.19 2.20/0.20 1.7/0.22 1.44/0.09 0.65/0.05
Note: ) - Element concentration in soil sample; 2 - in moss sample
Mpumeuanue: Y - KonienTtparms sieMenTa B 06pasiie ousbl; 2 - B 06pasiie Mxa
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Table 2
Element concentrations (mg/l) in snow samples
Tabauya 2. KoHueHTpauuu 3j1eMeHTOB (Mr/;1) B 00pa3-

max cHera
Rodniki town 2013
Metal Town Vicinity

Cr 0.011 (0.005 - 0.018) | 0.016 (0.005 - 0.044)
Mn 0.053 (0.020 - 0.087) | 0.068 (0.000 - 0.247)
Co 0.014 (0.014 - 0.015) | 0.006 (0.003 - 0.013)
Ni 0.059 (0.057 - 0.060) | 0.028 (0.006 - 0.096)
Zn 13.5(1.0-25.9) 3.34 (1.46 - 8.70)
Pb 0.018 (0.005 - 0.030) | 0.024 (0.010 - 0.065)

Box plots of the selected elements content in
Ivanovo region soil presented in Fig. 2, together with
the Mn concentration (chosen for the comparison as
belonging to natural sources). One can see that the
content of the majority of the elements under study in
soil of the town of Rodniki and its vicinity is higher
than the average regional concentration and local
background. Otherwise, the concentration of Mn near
the town of Rodniki does not differ from those for
Ivanovo region.

Data obtained for the town of Rodniki and its
vicinity were undergone frequency analysis (Table 2).
Skewness coefficients indicated asymmetrical distri-
bution for the majority of the elements of the territory
of the town of Rodniki (only V and Mn approached
normal distribution). Opposite situation was observed
for the town vicinity.

Coefficients for cobalt and zinc strongly devi-
ate from the normal distribution only. Positive values
of the skewness and kurtosis coefficients pointed out
the presence of the several points with heightened
concentrations.

The ratio of the element content in the vicini-
ty of the Rodniki town to the average regional con-
centration was found to compare 2010 and 2013 data.
The averaged concentrations for the Rodniki district
obtained in 2010 during background monitoring stud-
ies were used.

The comparison (Fig. 3) show strong increase
of Zn content in soil (more than 2 times from 2010 till
2013). The concentrations of other elements have
similar 30-40% growth. However, the concentration
of primarily natural Mn, even slightly decreased. The
obtained data point out the town of Rodniki as a
source of the heavy metals.

To assess the soil quality the sum index of
chemical pollution (Z;) was used:

Z. =Y (CilCpg) — (n-1),
where C; is elemental concentration in the investigat-
ed soil; Cyg is background concentration of the ele-
ment; n is number of elements included in calculation.

100

The local background concentrations obtained
in 2010 were used for Cpg; N = 6 (V, Fe, Co, Zn, Mn,
and As). Average value of the Z. for the territory of
the town of Rodniki was found to be 10, while for the
vicinity it was 9. In accordance with the classification
[22] obtained Z. indicates the acceptable level of soil
contamination.

The analysis of moss and snow successfully
confirmed the conclusion made for soil. None select-
ed element reached the normal distribution (Table 3).
The narrowest distribution was obtained for Co, As,
and Fe. It evidences for the existence of the point emis-
sion sources of these elements. Zn content in moss is
two times higher than the background value, and Fe
one is three times higher (Table 4). This fact justified
an assumption that the origin of Zn in soil is not solid
or liquid wastes, but the atmospheric depositions.

Table 3
Skewness and kurtosis coefficients of the moss and soil
data for the Rodniki town and its vicinity (2013)
Tabnuya 3. KoddppuuueHTb aCHMMETPUH U KYPTO3HCa
JJIS pe3yJbTAaTOB aHAJIM3a 00pa310B MOYBbI U MXa B
r. PoaHukm u ero okpecrocrsx (2013)

| V. [ Mn | Fe | Co | Zn | As
Soil
20.09D [ -0.09 | 0.43 | -0.67 | 1.78 | 0.74
Skewness | 5072 | 007 | 014 | 1.22 | 1.92 | 0.003
| -3.00 | -2.08 |-1.12| 055 | 3.41 | 0.73
Kurtosis | >3 | .0.96 | -1.10 | 2.45 | 4.11 | -0.97
Moss
Skewness | 013 | 164 [-L57[ 119 [ 156 [-173
070 | 1.16 | 1.74 | 354 | 1.68 | 1.67
Kurtosis | -1.66 | 043 | -4.23 |-13.88 | -2.92 | -4.81

Note: 9 - Concentrations for the urban area; 2 — for the vicinity
[Tpumeuanue: D Kounentparmst B xuIoH 30He; J_p OKPECTHOCTSIX
Table 4
Concentration of selected elements in moss, soil and snow
samples collected in the Rodniki town and its vicinity
Tabnuya 4. KoHLleHTPalMu HEKOTOPBIX 3J1eMEHTOB B
o0pa3uax Mxa, OYBbI U CHera, COOpaHHbIX B
r. POAHUKH U ero OKpecTHOCTSX

Unit Vv Mn Fe Co Zn | As
Soil 54.99 | 566 [18000| 8.60 | 96.5 [3.85
2013 50.09 | 727 |16400|10.08| 79.6 [3.92
Soil - - - - - -
2011 43.8 | 579 |15600| 7.6 | 52.2 |3.49
2%%* mg/kg| 38.0 | 850 [12100| 7.9 | 45.0 | 3.1
Moss 7.24 | 254 | 3000 | 1.21 | 179 |0.74
2013 6.28 | 425 | 2510 | 1.65 | 132 |0.71
Moss
20109 5.14 | 777 | 752 | 0.87 | 68.5 |0.98
Snow ua/l i 0.10 i 0.007| 3.34 |
2014 g 0.05 0.006 | 3.34

Note: ¥ - Results of the background monitoring.

2 - concentrations for the urban area; 3 — for the vicinity
[pumeuanue: D — Pesyasrathl MOHMTOpHHTA (OHA; 2 — KOH-
HUCHTpaluu It SKHIJION 30HBI; 3 JUIL OKPECTHOCTH
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Fig. 2. Zinc (a) and manganese (6) concentration (mg/kg) in soil of the lvanovo region and the Rodniki. (Town 13 — data of the Rodniki
town of 2013; Vicinity 13 — data of vicinity of the Rodniki town of 2013; Vicinity 11 — data of vicinity of the Rodniki town of 2011;
Region 10 — data of Ivanovo region of 2010; Ibg 10 — data of local background of lvanovo region of 2010; dashed line — maximum per-
missible concentration [13, 14]; dash-dot line — background level from [11]; dash-double-dot line — background level from [12])
Puc. 2. Coneprxanue nuHKa (2) 1 Mapranna (6) B mouse MIBaHoBcko#t o0nactu u r. Pomuuku. (Town 13 — nanssle s r. PogHuku B
2013 r.; Vicinity 13 — nanusie st okpectHocreit . Poxuuku B 2013 r.; Vicinity 11 — naunsie muist okpectaocteid r. Pogauku 2011 BT
Region 10 — naunsie s MBanosckoi oonactu B 2010 r.; 1bg 10 — nanubie pernonansaoro ¢poua MeaHockoit o6mactu B 2010 1.;
ITyHKTHPHAS JTUHUS —TIpeeNIbHO AomycTUMas KoHieHTpanus [ 13, 14]; mrpuxnyHkTupHas muHug — GoH [11]; ABOIHAS IITPUXITYHKTUD-
Hast TuHUS — QoH [12])
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Fig.

Also for the territory of town of Rodniki the
maximal concentrations of lead and cadmium in moss
samples and snow were detected. The main source of
these elements is traffic.

In 2013, the average IFA value for the territory
of the town of Rodniki and its vicinity were 0.070 and
0.063 respectively. It is pointed out the significant level
of the anthropogenic impact on the town ecosystems.
The skewness (1.87 (town), 1.52 (vicinity)) and kurto-
sis (3.65 (town), 1.83 (vicinity)) coefficients calculated
for the 2013 data also confirmed this conclusion. The
average IFA value for the town of Rodniki was in-
creased from 0.067 in 2012 to 0.070 in 2013.
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Fig. 4. Enrichment factors (EF) for the Rodniki town (open cir-
cles) and its vicinity (filled squares)
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To clarify the possible sources of the xenobi-
otic intake the enrichment factors were calculated
(Fig. 4). Typical elements belonging to the earth crust
(Al, Ti, and rare earths) have EF usually closed to 1.
The biophilic elements (K, Ca, Mg, Mn) accumulate
in moss owing to the active biological processes and
uptake from atmospheric depositions. Among ele-
ments of interest, the EF only for Zn was more than
10. Vanadium, nickel, cobalt, iron, and arsenic have
1 < EF < 3. It is pointed out different type of sources
of Zn and other elements under study. Zn is highly
enriched in moss and has the atmospheric deposition
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as a dominant way of the uptake. Otherwise content
of Ni, Co, V, Fe, and As is very close to soil one, and
soil probably was the origin of their arrival. Hence,
the weathering of the soil at the territory of the town
of Rodniki caused the increased levels of the above-
mentioned elements. The EF of the majority observed
elements for the territory of the town of Rodniki were
less than those ones for the vicinity. It may be ex-
plained by the following manner. The higher level of
element content of observed element in town soil led
to smaller values of EF for this territory.

The distribution of the element concentration
in moss and soil from the town boundary to 10 km
distance was also investigated. To compare element
content on the four main azimuths and between moss
and soil all concentrations were recalculated to the
relative ones: AC = C;i/ max(Cy).

To reveal location of the sources of elements
under study the maps of spatial distribution were cre-
ated. The arsenic and iron in soil are allocated almost
identically. The Fe and As content in moss also have
maximum at similar location but different from the
soil one. The distributions of Zn in soil, moss, and
snow coincide well justifying conclusion on the at-
mospheric origin of Zn. The most possible source of
this element emission is the machine-building plant
situated at the North of the town.

It should be noted that distribution of Zn co-
incides well with the IFA one, justifying correlation
of the development instability of the higher plants and
increased concentrations of heavy metals. The Pear-
son coefficient of the pair correlation, R, was calcu-
lated to reveal the most significant cause of IFA in-
creasing (Fig. 5).

0,8

3

Ca V Mn Fe Co Zn As La Ce

Fig. 5. Pearson coefficient (R) of the correlation between FA and
soil (1), moss (2), and snow (3) data
Puc. 5. Kospouuuent xoppemsauu [Tupcona (R) pesynsraTos
OLICHKH MapameTpa GIyKTyupyromuieil aCHMMETPHH U JaHHBIX
aHanmm3a o0pasnos moussl (1), mxa (2) u cuera (3)
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Analysis shows the prevalence of the edaphic
sources of the high IFA values. The highest correla-
tion was found for lead in snow (R = 0.75) indicating
strong dependence of IFA from traffic. Final assess-
ment of the elements origin was made on the basis of
factor analysis. Three factors were recognized from
the data obtained in 2013.

Factor 1 includes mostly elements in moss
(Al, Sc, Ti, V, Fe, Co, As, Se, Zr, Hf, Ta, W, U, Th,
alkali and alkali-earth metals, and rare earths). Also Al,
Mg, and V in soil are associated with this component.
These elements are all typical to the earth crust, and
most probably this factor reflects the contamination of
moss samples with soil particles. The maximum load-
ings of this factor situated at the south of town of Rod-
niki near asphalt plant. Despite of asphalt plant is
closed to date the presence of V, As, and Fe indicates
the air pollution by weathering of contaminated soil.

Factor 2 contains primarily elements meas-
ured in soil (Na, Sc, Fe, Co, As, Br, Rb, Cs, Ba, La,
Sm, Hf, U, Th) and snow (Mn, Co, Pb). Ca, Cr, Sb,
and Cd in moss as well as IFA also attributed to this
component. High levels of the arsenic, heavy metals,
and IFA found in the northern part of the town point
out the machine-building plant as a most possible
source of these elements.

Factor 3 comprises Mn, Ni, Br, Ba, Sr, Au
from moss and Ti and Mn from soil. The maximum of
this factor loadings is outside the town that evidences
for the natural origin of these elements.

Factor 4 combines Zn in all media and soil
Ca. The highest level of this factor located near the
machine-building plant at the north of the town of
Rodniki, which may be the most possible source of
these elements.

CONCLUSION

The complex assessment of the air and soil
quality of the town of Rodniki and its vicinity showed
an acceptable level of the contamination. Combina-
tion of the statistical analysis and GIS technologies
clarify the potential sources of elements. It was estab-
lished that V has soil origin from southern part of the
town. The highest growth of the concentration was
marked for Zn originated from machine-building
plant situated at the north of the Rodniki town. This
plant also causes soil contamination by As, Fe, and
Co. The IFA values successfully confirm the obtained
concentration data. It was established that the soil
contamination has a bigger influence on IFA than at-
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mospheric pollution. The increasing of the concentra-
tion in all media from 2010 to 2013 was obtained for
heavy metals and arsenic. Maximum concentrations
were measured inside the territory of the town of
Rodniki, however the influence of the anthropogenic
impact was traced till 5 km distance.

10.

11.

12.

Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 2018. V. 61. N 8

JUTEPATVYPA

The International Cooperative Programme on Effects of Air
Pollution on Natural Vegetation and Crops. http://icpvegeta-
tion.ceh.ac.uk/.

Harmens H., Norris D., Sharps K., Mills G., Frontasyeva
M.V., Steinnes E., Zechmeister H. Heavy metal and nitro-
gen concentrations in mosses are declining across Europe
whilst some “hotspots” remain in 2010. Environ. Pollut.
2015. V. 200. P. 93-104. DOI: 10.1016/j.envpol.2015.01.036.
Berg T., Aas W, Pacyna J, Uggerud H.T, Vadset M.
Atmospheric trace element concentrations at Norwegian
background sites during 25 years and its relation to Europe-
an emissions. Atmos. Environ. 2008. 42. P. 7494-501.
Steinnes E., Berg T., Uggerud H.T. Three decades of at-
mospheric metal deposition in Norway as evident from
analysis of moss samples. Sci. Total Environ. 2011. V. 412-413.
P. 351-358. DOI: 10.1016/j.scitotenv.2011.09.086.

Adoli F.K.L. Lalah J.O., Okoth A.O. Analysis of Moss and
Topsoil to Monitor Metal Emissions from a Pulp and Paper
Mill in Western Kenya. Bull. Environ. Contamin. Toxic.
2011.V.86. P. 137-143. DOI: 10.1007/s00128-010-0163-1.
Aninic M., Tomasevich M., Tasic M., Rajsic S., Popovic
A., Frontasyeva M.V., Lierhagen S., Steinnes E. Monitor-
ing of trace element atmospheric deposition using dry and
wet moss bags: Accumulation capacity versus exposure
time. J. Hazard. Mat. 2009. V. 171. P. 182-188. DOI:
10.1016/j.jhazmat.2009.05.112.

Viet H.N., Frontasyeva M. V., Trinh Thi T. M., Gilbert
D., Bernard N. Atmospheric heavy metal deposition in
Northern Vietnam: Hanoi and Thainguyen case study using
the moss biomonitoring technique, INAA and AAS. Envi-
ron. Sci. Pollut. Res. 2010. V. 17. P. 1045-1052. DOI:
10.1007/s11356-009-0258-6.

Samecka-Cymerman A., Kolon K., Kempers A.J., Jan-
sen J., Boonen B. Bioaccumulation of Elements in Bryo-
phyte from Serra da Estrela, Portugal, and Veluwezoom, the
Netherlands. Environ. Sci. Pollut. Res. 2005. V. 12. N 2. P.7
1-79. DOI: 10.1065/espr2004.10.219.

l'aneesa M.B., losiotoB A.B., Uemepuc E.B. BozmoxxHOCTH
ucnons3oBanust MxoB (Fontinalis antipyretica Hedw. u Pylaisia
polyantha (Hedw.) Bruch et al) B kauecTBe nHIMKATOPOB 3arpsis-
HEHUsI OKPY’KAIOLIEH Cpebl TSDKEIBIMU METAUIAMU. JKONI02UA.
2010. N 1. P. 31-34. DOI: 10.1134/S1067413610010054.
Harmens H., Norris D., Mills G. Heavy metals and nitro-
gen in mosses: spatial patterns in 2010/2011 and long-term
temporal trends in Europe. Bangor, UK: ICP Vegetation
Programme Coordination Centre. 2013. 65 p.

Franiel 1. Fluctuating asymmetry of Betula pendula Roth
leaves - an index of environment quality. Biodiv. Res. Con-
serv. 2008. V. 9. N 10. P. 7-10.

Frontasyeva M.V., Harmens H. Monitoring of atmospher-
ic deposition of heavy metals, nitrogen and POPs in Europe
using bryophytes. Monitoring manual. Bangor, UK: ICP
Vegetation Programme Coordination Centre. 2015. 26 p.

The main recommendation is to develop in
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heavy metals emission (especially Zn). To prevent
weathering of the contaminated soils it is suggested to
lay out the lawns and grow trees and shrubs at the
territory of the Rodniki town.

10.

11.

12.

REFERENCES

The International Cooperative Programme on Effects of Air
Pollution on Natural Vegetation and Crops. http://icpvegeta-
tion.ceh.ac.uk/.

Harmens H., Norris D., Sharps K., Mills G., Frontasye-
va M.V., Steinnes E., Zechmeister H. Heavy metal and ni-
trogen concentrations in mosses are declining across Europe
whilst some “hotspots” remain in 2010. Environ. Pollut. 2015.
V. 200. P. 93-104. DOI: 10.1016/j.envpol.2015.01.036.

Berg T., Aas W, Pacyna J, Uggerud H.T, Vadset M.
Atmospheric trace element concentrations at Norwegian
background sites during 25 years and its relation to Europe-
an emissions. Atmos. Environ. 2008. 42. P. 7494-501.
Steinnes E., Berg T., Uggerud H.T. Three decades of at-
mospheric metal deposition in Norway as evident from
analysis of moss samples. Sci. Total Environ. 2011. V. 412-413.
P. 351-358. DOI: 10.1016/j.scitotenv.2011.09.086.

Adoli F.K.L. Lalah J.O., Okoth A.O. Analysis of Moss and
Topsoil to Monitor Metal Emissions from a Pulp and Paper
Mill in Western Kenya. Bull. Environ. Contamin. Toxic.
2011. V.86. P. 137-143. DOI: 10.1007/s00128-010-0163-1.
Aninic M., Tomasevich M., Tasic M., Rajsic S., Popovic
A., Frontasyeva M.V, Lierhagen S., Steinnes E. Monitor-
ing of trace element atmospheric deposition using dry and
wet moss bags: Accumulation capacity versus exposure
time. J. Hazard. Mat. 2009. V. 171. P. 182-188. DOI:
10.1016/j.jhazmat.2009.05.112.

Viet H.N., Frontasyeva M. V., Trinh Thi T. M., Gilbert
D., Bernard N. Atmospheric heavy metal deposition in
Northern Vietnam: Hanoi and Thainguyen case study using
the moss biomonitoring technique, INAA and AAS. Envi-
ron. Sci. Pollut. Res. 2010. V. 17. P. 1045-1052. DOI:
10.1007/s11356-009-0258-6.

Samecka-Cymerman A., Kolon K., Kempers A.J., Jan-
sen J., Boonen B. Bioaccumulation of Elements in Bryo-
phyte from Serra da Estrela, Portugal, and Veluwezoom, the
Netherlands. Environ. Sci. Pollut. Res. 2005. V. 12. N 2. P.7
1-79. DOI: 10.1065/espr2004.10.219.

Gapeeva M.V., Dolotov A.V., Chemeris E.V. Prospects of
Using Mosses (Fontinalis antipyretica Hedw. and Pylaisia pol-
yantha (Hedw.) Bruch et al.) as Indicators of Environmental
Contamination with Heavy Metals. Russ. J. Ecology. 2010.
V.41.N 1. P. 28-31. DOI: 10.1134/S1067413610010054.
Harmens H., Norris D., Mills G. Heavy metals and nitro-
gen in mosses: spatial patterns in 2010/2011 and long-term
temporal trends in Europe. Bangor, UK: ICP Vegetation
Programme Coordination Centre. 2013. 65 p.

Franiel 1. Fluctuating asymmetry of Betula pendula Roth
leaves - an index of environment quality. Biodiv. Res. Con-
serv. 2008. V. 9. N 10. P. 7-10.

Frontasyeva M.V., Harmens H. Monitoring of atmospher-
ic deposition of heavy metals, nitrogen and POPs in Europe
using bryophytes. Monitoring manual. Bangor, UK: ICP
Vegetation Programme Coordination Centre. 2015. 26 p.

103



A.M. Dunaev, I.V. Rumyantsev, |.B. Agapova, V.l. Grinevich, K.N. Vergel, S.F. Gundorina

13.

14.

15.

16.

17.

18.

19.

20.

21.

104

Palmer A.R., Strobeck C. Fluctuating Asymmetry Anal-
yses Revisited In: Developmental Instability (DI): Causes
and Consequences. Oxford University Press. 2003. 77 p.
KpsxkeBa H.I'., Yucrakosa E.K., 3axapos B.M. Ananus
CTaOUIBHOCTH pa3BUTUL 6epe3m THOBHCIION B YCJIOBUAX XU~
MHUYECKOTO 3arpsi3HeHus. Jxonoeus. T. 27. Ne 6. C. 441-444.
MeTOZ[I/I‘{eCKI/Ie PEKOMEHAaUM 110 BBINOJIHEHHUIO OLEHKH
Ka4yecTBa CpeIbl MO COCTOSIHUIO JKUBBIX CYIIECTB (OLIEHKA
CTaOMIIBHOCTH Pa3BUTHA XKUBBIX OPraHU3MOB II0 YPOBHIO
aCHMMETPHH MOP(OIIOTHIECKHX CTPYKTYp). Ne 460-p. VTB.
or 16.10.2003. 24.c.

Klos A., Rajfur M., Waclawek M. Application of enrichment
factor (EF) to the interpretation of results from the biomonitoring
studies. Ecolog. Chem. Eng. S. 2011. V. 18. N 2. P. 171-183.
Freitas M.C., Pacheco A.M.G., Baptista M.S., Dionisio
l., Vasconcelos M.T.S.D., Cabral J.P. Response of ex-
posed detached lichens to atmospheric elemental deposition.
Ecol. Chem. Eng. 2007. V. 14. N 7. P. 631-644.
Chiarenzelli J.R., Aspler L.B., Dunn C., Cousens B.,
Ozarko D.L., Powis K.B. Multi-element and rare earth el-
ement composition of lichens, mosses, and vascular plants
from the Central Barrenlands, Nunavut, Canada. Appl. Geo-
chem. 2001. V. 16. N 2. P. 245-270. DOI: 10.1016/S0883-
2927(00)00027-5.

MeTOZ[I/I‘{eCKI/Ie YKa3aHusg 10 OIPEACICHHUIO TSKEJIbIX ME-
TaJllZIOB B ITOYBax CeJ'ILXO3y1"OI[PII>i " IOpOAYKIHU paCTCHUEC-
Bozactea. [IMHAO.1992. 62 c.

I'H 2.1.7.2041-06 «IIpenenbHO OOMYyCTUMBIE KOHIICHTpA-
nuu (ITJIK) xumuveckux BemiecTB B mouBe». Ne 7470. YTB.
or 19.01.2006. 15 c.

I'H 2.1.7.2042-06 «OpueHTUPOBOYHO [OIMYCTUMBIE KOH-
nentpauun (OJIK) xumuueckux BemecTs B mousey. Ne 7456.
V1B. 0T 19.01.2006. 27 C.

Urazmetov I.A., Smirnova E.V. Ecological State of Water
and Soil of Natural-Anthropogenic Landscapes in the Qil-
Producing Regions. Mediter. J. Soc. Sci. 2014. V. 5. N 18.
P. 367-372. DOI: 10.5901/mjss.2014.v5n18p367.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Palmer A.R., Strobeck C. Fluctuating Asymmetry Anal-
yses Revisited In: Developmental Instability (DI): Causes
and Consequences. Oxford University Press. 2003. 77 p.
Kryazheva N.G., Chistyakova E.K., Zakharov V.M.
Analysis of developmental stability of Betula pendula under
conditions of chemical pollution. Ekologiya. 1996. V. 27. N 6.
P. 441-444 (in Russian).

Methodological recommendation for the environmental
quality assessment by the living organisms status (assess-
ment of the living organisms development stability by mor-
phological structure asymmetry level) Ne 460-r. Approved
16.10.2003. 24 p. (in Russian).

Klos A., Rajfur M., Waclawek M. Application of enrichment
factor (EF) to the interpretation of results from the biomonitoring
studies. Ecolog. Chem. Eng. S. 2011. V. 18. N 2. P. 171-183.
Freitas M.C., Pacheco A.M.G., Baptista M.S., Dionisio
l., Vasconcelos M.T.S.D., Cabral J.P. Response of ex-
posed detached lichens to atmospheric elemental deposition.
Ecol. Chem. Eng. 2007. V. 14. N 7. P. 631-644.
Chiarenzelli J.R., Aspler L.B., Dunn C., Cousens B.,
Ozarko D.L., Powis K.B. Multi-element and rare earth el-
ement composition of lichens, mosses, and vascular plants
from the Central Barrenlands, Nunavut, Canada. Appl. Geo-
chem. 2001. V. 16. N 2. P. 245-270. DOI: 10.1016/S0883-
2927(00)00027-5.

Manual on heavy metal determination in soils and agricul-
tural products. CUAAS. 1992. 62 p. (in Russian).

Sanitary standard GN 2.1.7.2041-06. Maximum permissible
concentration (MPC) of chemicals in soils. Ne 7470. Ap-
proved 01.04.2006. 15 p. (in Russian).

Sanitary standard GN 2.1.7.2042-06. Tentatively permissi-
ble concentration (TPC) of chemicals in soils. Ne 7456. Ap-
proved 01.04.2006. 27 p. (in Russian).

Urazmetov I.A., Smirnova E.V. Ecological State of Water
and Soil of Natural-Anthropogenic Landscapes in the Qil-
Producing Regions. Mediter. J. Soc. Sci. 2014. V. 5. N 18.
P. 367-372. DOI: 10.5901/mjss.2014.v5n18p367.

IHocmynuna ¢ pedaxyuio 07.12.2017
Ipunsma x onybnuxosanuro 25.07.2018

Received 07.12.2017
Accepted 25.07.2018

W3B. By30B. XumMus u xuM. TexHonorus. 2018. T. 61. Beim. 8



