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Abstract. Geochemical and physiological indices gained at the background area and at the area under anthropogenic
impact were compared. The study sites comprise 30 sample areas each. Overall, 600 samples of pine needles were des-
ignated for the delayed chlorophyll fluorescence measurement as well as 60 samples of soil and pine needle correspond-
ingly were selected to perform the geochemical analysis. The biological uptake of the pine urban ecosystems is repre-
sented in the range: Mn (10,16) > P (7,19) > Ag (2,78) > Ba (2,76) > Cu (2,31) > Sr (1,85) > Ni (1,80) > Zn (1,75) > Pb
(0,86) > Co (0,48) > Cr (0,40) > Zr (0,37) > V (0,36) > Ga (0,33) > Ti (0,21). In comparison with the background site
data the biological uptake is increased in regard to V, Ti, Ni, Cu, Cr. The methodology implies the method of recording
the relative index of delayed fluorescence with the help of fluorimeter “Photon 10”. The data accumulated in the course
of the geochemical analysis allowed to distinguish common geochemical features of the study sites and revealed differ-
ences in soil and needle qualities. The value of relative index of delayed fluorescence (RIDF) under the impact of con-
siderable anthropogenic impact is lower by 25% and more related to the background site. This deviation testifies that
the human impact is present even on the early stage of ecosystem degradation.
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dation
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AnHoTanms. CpaBHHBAINCH TEOXUMHIECKUE U (DU3HOIOTHYECKHE TTIOKA3aTelH, OTy9IeHHbIe Ha (HOHOBOI TEppUTOPHUN
1 Ha TEPPUTOPUH, ITOIBEPraIOLIeHCs aHTPOIIOTeHHON Harpy3ke. Mccnemyemple yqacTKi cocTosT u3 30 mpoOHBIX mIoIma-
JIOK KX, B 1eoM, i1st uamepeHus GuryopecieHIIny 3aMeIeHHOro Xyiopoduia 6su1o otoopano 600 o6pasoB coc-
HOBOM XBOH, a Takke 60 00pa3I0B MOYBEI I COCHOBOM XBOM COOTBETCTBEHHO JUISI IPOBEACHUS TEOXUMHYECKOTO aHAIIN3A.
bronorndeckoe MorionieHne pecypcoB TOPOICKAX SKOCHCTEM MPENICTaBleHo B psaae: Mn (10,16) > P (7,19) > Ag (2,78) >
Ba (2,76) > Cu (2,31) > Sr (1,85) > Ni (1,80) > Zn (1,75) > Pb (0,86) > Co (0,48) > Cr (0,40) > Zr (0,37) > V (0,36) > Ga
(0,33) > Ti (0,21). o cpaBHEHHUIO ¢ JaHHBIMU (POHOBOTO y4YacTKa OWMOJIOTHYECKOE MOTJIONIEHNE YBEIHYNBAETCS B OTHO-
mennn V, Ti, Ni, Cu, Cr. Meroanka noapazyMeBaeT METO/l PETHCTPAIMH OTHOCHTEIBHOTO NMOKa3aTelsl 3aMe/IJIeHHON
¢bnyopecueHuun ¢ nomouipto huyopumerpa “Photon 10”. JaHHble, HAKOIUIEHHBIC B X0Ji¢ TEOXUMHYECKOTO aHaIH3a, 03~
BOJIMJIN BBIICJIUTH OOIIHE TeOXUMHUUECKHE 0COOEHHOCTH MCCIIEYEMBIX YYaCTKOB M BBISIBUTH Pa3iiMyMs B KaU€CTBE MOYBBI
1 XBOM. 3Ha4YeHHE OTHOCHTEJILHOTO MHAEKca 3ameyieHHo# ¢umyopecnenimu (RIDF) nox BoznelcTBHEM 3HAUMTENHLHOTO
AHTPOTIOTEHHOTO BO3/IEHCTBUS HIDKE Ha 25% 1 Ooee mo OTHOIIEHHIO K (POHOBOMY YYacTKy. DTO OTKJIOHEHHE CBUICTEIh-
CTBYET O TOM, YTO aHTPOIIOTEHHOE BO3JCHCTBHE MPUCYTCTBYET a)ke HA PAHHEH CTaINH eTPafallii SKOCHCTEM.

KiroueBble cjI0Ba: JECHBIE YKOCHCTEMBI, aHTPOIIOTEHHOE BO3/CHCTBHE, 3aMeIJICHHAs (IyOpPEeCEHINs, T€OXUMHU-
YeCKHE MOKa3aTelH, CTaaus Jerpafain
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Introduction

Nowadays the anthropogenic impact on the environ-
ment has reached its critical level due to the highly de-
veloped industrial production. Large quantities of pollu-
tants are emitted into the urban air basins on a daily basis
and their cumulative effect is hard to forecast and inhibit.
The qualitative characteristics of the atmospheric air ex-
ert a direct influence on health and reproductive potential
of the population, expenses for healthcare, etc.

Ecosystems degraded as a result of anthropogenic ac-
tivity represent an urgent issue which is especially ag-
gravated in urban areas exposed to integrated environ-
mental effects [9]. Atmosphere contamination is caused
by transport and plants/factories emissions, which are
regarded as the major factors of modern anthropogenic
transformation affecting urban forest ecosystems [16,].
Anthropogenic impact results in the alteration of the ini-
tial geochemical system [12]. It is known that technogen-
esis leads to gradual changes of average concentrations
of elements in soil. The ecological situation of ecosys-
tems is adequately estimated on the basis of geochemical
features of soil and vegetation condition [1].

The major indicator of sustainable development is
eventually the quality of the habitat. Environmental qual-
ity indices are specified by a wide range of ecological
indicators, the majority of which are represented by bio-
logical ones [10; 13].

Bioindication is a detection and determination of eco-
logically significant natural and anthropogenic impacts in
terms of the reactions to them of living forms in their
immediate habitat. Biological indicators possess the fea-
tures, proper for a system or a process, on the basis of
which such issues as qualitative or quantitative assess-
ment of trends, determination or evaluative classification
of ecological systems conditions, processes and events
are accomplished [8].

Accumulation and circulation of pollutants in various
land ecosystems differ enormously due to the fact that
contaminating elements act differently in various envi-
ronmental conditions. Ecological monitoring should be
held separately for every ecosystem (forest), for every
element and type of an indicator plant [6]. Ecosystems of
pine forests can serve as an example since. The Pinus
sylvestris intercepts the major portion of atmospheric
trace elements in forest ecosystems of the north hemi-
sphere [24]. Special methods of sampling were elabo-
rated for the Pinus sylvestris and other species and con-
siderable data were received concerning the concentra-
tion of chemical elements in their needle [7; 17; 18].

At present there is a variety of methods for the indica-
tion of anthropogenic transformation of environment;
however, the majority of them are unable to detect early
stress responses of an ecosystem [14]. The most signifi-
cant information is about the impact of chemical ele-
ments concentration in the ecosystem on biological ob-
jects [20].

Methods aimed at measuring parameters of photosyn-
thetic apparatus of plants have been extensively exploited
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in ecological studies [22]. One of these methods implies
detecting different parameters of chlorophyll fluores-
cence in a variety of plants (chloroplasts, water plants,
needle and leaves of plants, lichens) [4; 21].

Materials and methods

Geochemical and physiological indices gained at the
background area (protected area (PA) “Osinskaya lesna-
ya dacha”) as well as the area under anthropogenic im-
pact (PA “Chernyaevsky les”) were compared.

Protected area “Chernyaevsky les” (685,97 ha area)
represents a forest area of local significance which is
situated near the centre of the city Perm and surrounded
by residential areas. Protected area of regional relevance
“Osinskaya lesnaya dacha” (12 168 ha area) situated as
far as almost 100 km to the south-west of Perm city was
chosen as a background study site.

Pine types of forest located in the study sites and be-
longing to the green moss group were preliminarily se-
lected for the experiment, further they were field-
specified. The study sites comprise 30 sample areas
(then — SA) each. Overall, 600 samples of pine needle
were designated for the delayed chlorophyll fluorescence
measurement as well as 60 samples of soil and pine nee-
dle correspondingly were selected to perform the geo-
chemical analysis.

The geochemical sampling of soil and pine needle
was accomplished according to the standard practice and
environmental regulations [2,19].

Soil was sampled according to the method of “enve-
lope” by mixing increment samples into a composite
sample. The samples were extracted at the depth of 0—
20 cm (excluding forest litter) whereas the weight of a
composite sample amounted to not less than 1 kilogram.
Sampling was performed with auger Edelman. Needle
samples were gathered from the south facing Pinus syl-
vestris undergrowth at the height of 1.3 m subsequently,
and then they were mixed. The selected branches were
freed from year-long needle.

The soil samples were dried and representative ex-
tracts were selected for the analysis. The portions under-
went sifting through a soil sieve (1,0 mm) followed by
grinding in an agate mortar. Biogeochemical sample
points such as needle and wood cores were dried and
then combusted in a laboratory.

The prepared samples were put into a special labora-
tory for the measurement of their microelements concen-
tration. The atomic absorption analysis was conducted
with the diffraction spectrograph STE-1 using the meth-
od of evaporation from the crater. Every sample was
scrutinized for the concentration of 34 chemical ele-
ments: Ni, Co, Cr, Mn, V, Ti, Sc, P, Ge, Cu, Zn, Pb, Ag,
As, Sb, Bi, Mo, Ba, Sr, W, Sn, Be, Zr, Ga, Y, Yb, Nb, Li,
TI, Ce, Ta, In, Au, Hg.

All manipulations with the compiled data were done
in Microsoft Excel office software. For the elements with
the concentration exceeding 70 % the partition law was
determined, background and anomalous content values as
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well as sampling variance and average quadratic devia-
tion which serve to measure dispersion related to the
average concentration value were performed in every
representative extract.

The results of the analysis allowed to determine the
following indicators: indicator of a chemical element con-
centration [15], cumulative indicator of contamination (Zc)
[19], indicators of absolute (IAA) and relative accumula-
tion (IRA) and indicator of biological uptake [2].

During the investigations of soils in the study area of
1 km2 the difference was determined between the back-
ground content before the start of these processes and
after their completion: IAA = C1 — C2. If after the end of
the processes the content decreased (i.e. the loss of ele-
ments occurred), the IAA value was negative [2].

The determination of the average density of soils al-
lowed to assume after accounts that the increase (de-
crease) in the concentration of chemical elements in soils
by an amount equal to 1 * 10-3 %, within the upper 30
cm layer corresponds to an increase (decrease) of their
weight by 6 tons on an area of 1 km?.

IRA value was estimated the following way [2]:

IRA=IAA/C1

The research in question applies the method of re-
cording the relative index of delayed fluorescence

(RIDF). The phenomenon of delayed fluorescence is
characterized by a light excitation in photosynthesizing
cells followed by a subtle and continuously fading emit-
tance produced by chlorophyll [22]. This emittance re-
sults from the elimination of the quick fluorescence due
to the energy released during light-independent reactions
of initial photosynthetic products in reactive centers [14].

Among the forest forming species, Pinus sylvestris is
one of the most widely spread indicator species [15]. Pinus
sylvestris is distinctive of high sensitivity to increased con-
centrations of toxic substances in environment.

The methodology of identifying the level of environ-
mental pollution according to photosynthetic indices of
vegetation on the basis of pine ecosystem surveys was
developed by the Department of biogeocenology and
environmental protection in Perm State University [14].
This methodology allows to perform researches aimed at
determination of physiological conditions of vegetation
in differently polluted areas of atmospheric air.

The methodology implies the method of recording the
relative index of delayed fluorescence with the help of
fluorimeter “Photon 10” (fig. 1 / puc. 1). The measure-
ment of a sample’s emittance is designed for two previ-
ously set light and time regimes, conventionally named
as «high light mode» and «low light mode» [14].

Fig. 1. Fluorimeter «Photon 10»

Puc. 1. ®ayopumerp «Poton 10»

The methodology in question consists of the follow-
ing units:

o The specifics of sample selection for analysis.

e The specifics of sample analysis with the help of
“Photon 10”.

e “Photon 10” adjustment when dealing with pine
needle.

o Interpretation of measurement results.

The rate of photosynthesis is correlated with a plenty
of different natural factors such as temperature and air
humidity, time of day and others [23]. Consequently, for
further objective interpretation of data, received with the
help of fluorimeter “Photon 10” in 2011, studies are de-
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signed for the elaboration of the bioindication concept of
air pollution. Indices of chlorophyll fluorescence of pine
needle foliage were recorded at the identical study sites;
however, a different methodology of sample selection was
conducted. Beyond that it is recommended to perform 24-
hour measurement with the interval of 1 hour.

Results and discussion

The data accumulated in the course of the geochemi-
cal analysis allowed to distinguish common geochemical
features of the study sites (table 1 / ta6muna 1; fig. 2, 3/
puc. 2, 3). Concentration of Zn, Cu, P, Co in the soil
nearly doubles the Clarke number characteristic for the
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world soils [25]. Concentration of Ni within the Clarke
number is indistinctive for the soils with light mechanical
composition. Relatively low concentration was detected
for a number of elements such as Ti, Cr, Sc, Zr, Ba, Ga,

Sr, Y and Sn. Ga and Mn concentrations exceed the
Clarke number [11] in the pine needle. Low concentra-
tions of such elements as V, Cr, Ba, Ti, Pb, Co, Zn, Cu
[3] were identified.

Table 1

Concentrations of microelements in pine forest ecosystems

Coaepﬂcalme MHKPO3JEMECHTOB B COCHOBBIX JKOCHUCTEMAX

Tabmmma 1

T J/ Studv area Cozepxxanue MukpoasiemenToB, mr/kr // Concentrations of microelements, mg/kg
eppuopHa 17 SIQY Ni] ColcCr M|V [ Ti [P |Cul|zn][Pb][Ag] Ba]| zr
Tousa // Soil
Hepusencinii xec / 41,6| 140 | 122 | 1010 | 120 | 3725 | 1417 | 455 | 133 | 30,7 | 0,16 | 218 | 132

Chernyaevsky les
Tlorpeursaocts // Error 41| 0,7 8 79 4 123 107 2,8 10 3,4 | 0,02 15 7
Ocunickast nectast xaa /- 5 5| 133 | 91 | 818 | 112 | 2629 | 1568 | 384 | 105 | 165 | 0,08 | 119 | 69
Osinskaya lesnaya dacha
Tlorpeutrocts // Error 1,1 0,3 3 44 4 116 72 15 4 0,6 | 0,001 5 4
Kuapk // Clarke [25] 40 8 200 | 850 | 100 | 4600 | 800 20 50 10 — 500 | 300
Dor nosomHCTOR sors1 /f 322| 84 | 180 | 715 | 63,5 | 4045 | 400 | 153 | 41,3 | 115 | 01 | - | -
Background of podzolic zone [1]
Xgos // Needle
YepusieBckuii jec //
Chernyaevsky les 19| 0.2 1.2 266 11 | 20,2 | 264 2,7 6,0 0,7 | 001|156 | 1,3
Tlorpeutrocts // Error 01| 002 | 08 13 0,1 3,3 8 0,3 05 | 0,07 |0,001| 1,1 0,1
Ocunckas JiecHas 1aya //
Osinskaya lesnaya dacha 14| 01 0,6 257 | 0,6 7.9 254 15 6,8 06 | 001|130 | 10
Tlorpeursocts // Error 01| 001 | 04 7 0,1 0,9 8 0,1 0,7 | 0,07 |{0,001| 1,2 | 0,05
Kunapxk // Clarke [11] 2 0,5 1,8 205 | 15 | 325 - 8 30 125 | 06 | 225 | 75
.. 4
=2, |1
ZE3 I
é—g E‘\~i
EL"—-) \\\
£ =T,
% O =~ ~
g B == ===
<200
Pb Zn Cu P Co V Mn Ni Ti Cr Sc Zr Ba Ga Sr Y Sn
----- Uepusaepcruit ec OcuHckan necHad gaga
Chernyaevsky les Osinskaya lesnava dacha
Fig. 2. Clarke numbers of microelements in soil
Puc. 2. Kiapku KOHIEHTpanMii 3J1eMeHTOB B MO4YBe
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Clarke of concentration

=== YepHaeE KMl I1eC
Chernyaevsky les
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Ba Ti Pb

= OcHHCKad JlecHad nada
Osinskaya lesnaya dacha

Fig. 3. Clarke numbers of microelements in needle of Pinus sylvestris
Puc. 3. Kitapku KoHueHTpanuii 3j1eMeHToB B XxBoe Pinus sylvestris
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The results obtained through the geochemical studies
revealed differences in soil and needle qualities in
“Chernyaevsky les” and “Osinskaya lesnaya dacha”. Soils
of light mechanical composition in “Chernyaevsky les”
contain an increased concentration of some microelements.
The most considerable discrepancies are found in concentra-
tions of Pb, Ag, Zr, Ba, Sn, Sc, Ti, Cr, Zn.

Great accumulations of Ti, V, Cr, Cu, Ni, Co, Zr, Ga
were established in the pine needle in “Chernyaevsky
les” related to the contents determined in the background
study site.

The cumulative estimation of the soil contamination
[19] in “Chernyaevsky les” revealed a dangerous level of
pollution at two sample areas and a relatively dangerous

level at eight areas (fig. 4 / puc. 4). By contrast, the level
of soil contamination determined at all the sample areas
in background study site “Osinskaya lesnaya dacha” is
considered permissible.

The measurements of IAA, IRA and the indicator of
biological uptake [2] were conducted to determine the
geochemical properties of the study sites.

By contrast with the background study site, the soils
in “Chernyaevsky les” are characterized by significant-
ly higher contents of such elements as Ti (650 t/km?),
Mn (115 t/km?), Cr (18 t/km?), Zn (17 t/km?). HoweVver,
with the consideration of the background content Pb
and Ag accumulations are more crucial (table 2 / ta6-
auna 2).

\
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e — 1
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A@‘” ,
v "
e

YcnoBHble o603HaveHus // Legend

3 :IOOI'IT "YepHsasckuit nec" // PA "Chernyaevskiy
les"

INecHble kBapTansl / Forest compartments
L~ 1CocHoslit nec // Pine forest

| Kareropus 3arpsizHenus nous // Soil poluttion
| class

ponyctumas // permissible (Zc < 16)

# o 200 400

800 MeTpel

| -ymepeHHo onacHas // moderately dangerous
| (Zc 16-32)

Il onacHas // dangerous (Zc > 32)

Fig. 4. Cumulative estimation of soil contamination in “Chernyaevsky les”

Puc. 4. CymmapHblii noka3aTenb 3arpsi3HeHHs N04B YepHAeBCKOro Jieca

Table 2

Accumulation of microelements in soils of Chernyaevsky les

Tabnuma 2

Haxonenue MHUKPOIJIEMEHTOB B MOYBax qepHﬂCBCKOFO Jeca

Dnemenr // Element Cr

Mn \ Ti Cu Zn Pb Ag Sr | Sn

[Toka3artenp abcomorHoro Hakorenus [TAH (1/km?) // 182
Indicator of absolute accumulation I1AA (t/km?) '

114,7 | 49

6578 | 42 | 172 | 85 | 005 | 88 |06

[MTokaszarens oTHOcUTENbHOrO Hakorenus IIOH // Indi-

cator of relative accumulation IRA (t/km?) 0,20

0,14 (004 | 025|011 | 016 | 052 | 0,60 |0,09 |0,32

The biological uptake distinctive of the pine ecosys-
tems in “Chernyaevsky les” is in the range: Mn (10,16) >
P (7,19) > Ag (2,78) > Ba (2,76) > Cu (2,31) > Sr (1,85)
> Ni (1,80) > zZn (1,75) > Pb (0,86) > Co (0,48) > Cr
(0,40) > Zr (0,37) > V (0,36) > Ga (0,33) > Ti (0,21).

Rows of these elements for the pine ecosystems of
“Osinskaya lesnaya dacha” are as follows: Mn (12,11) >
P (6,24) > Ag (4,82) > Ba (4,21) > Sr (3,78) > Zn (2,52)
> Cu (1,49) > Pb (1,37) > Ni (1,12) > Zr (0,56) > Co
(0,37) > Ga (0,29) > Cr (0,27) > V (0,19) > Ti (0,12).
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The analysis of biological uptake rows allowed to re-
veal the substantial absorption of Mn, P, Ag, Ba, Cu, Sr,
Zn, Ni by pine needle in both study sites.

The other elements are only seized as incoming ele-
ments are fixated and are able to be kept in soils thus
blocking the way to plants. Also, concentrations of heavy
metals in soil can be caused by protective mechanisms
which monitor their appearance into an organism.

The index of biological uptake is increased with re-
gard to V, Ti, Ni, Cu, Cr in “Chernyaevsky les”. It testi-
fies that needle possesses high concentrations of these
elements related to soil. The index of biological uptake is
increased regarding Sr, Ag, Pb, Ba, Zn in “Osinskaya
lesnaya dacha”. It can be primarily explained by lower
concentrations of these elements in the soil of the back-
ground study site related to “Chernyaevsky les”.

Anthropogenic impact is observed in high concentra-
tions of microelements in soil and in assimilation organs
of vegetation in terms of geochemical influence. In pine
ecosystems human activity leads to Pb and Zn accumula-
tions in soil more than two times exceeding the Clarke
number. Considerable impact exerted by anthropogenic

Temneparypa auem 30-35°C, Bnaxkuocts 35-50%
Temperature at daytime 30-35°C, humidity 35-50%

10
= 8
-3
g 4
) 2
0

9 19 11 12 13 13- 15 16 17 18 19 20 21

Bpewms cytok // Time of the day
—== YepHseBCcKHii nec
Chemyayevsky Forest

Fi

factor can be extrapolated from the high concentrations
of Cu, Mn, Ba, Sn, Zr and Ag.

Anthropogenic impact results in the remarkable in-
crease of Ni, Cr, V, Ti, Cu and Ga concentrations in the
needle of Pinus sylvestris.

The performed experiments allowed to reveal that
such factors as temperature and water humidity (fig. 5 /
puc. 5), dark and water regimes of sampling, sampling
point on a shoot, needle age as well as the phase of phys-
iological activity are of importance.

During the daytime photosynthetic activity decay oc-
curring at hot and dry weather RIDF is lowered to 2 and
to 4 at the modelling sites in “Chernyaevsky les” and
“Osinskaya lesnaya dacha” correspondingly. Morning
and evening times are distinctive of some differences. At
low temperatures and high humidity considerable varia-
tions are observed from 10 a.m. to 3 p.m.

Diurnal fluctuations of the chlorophyll fluorescence
at study site “Osinskaya lesnaya dacha” are regarded as
background data when assessing photosynthetic activity
of assimilation organs at study areas of both PA (table 3 /
Tabnuia 3).

Temmnepatypa auem 20-25°C, BnaxuocTts 50-80%
Temperature at daytime 20-25°C, humidity 50-80%

10
58 R e———
| N
2 "\ pop= =T SR N N
i 6 \\\\~ _”'___,’
=4 =

2

0

9 1011 12 13 14 15 16 17 18 19 20 21

Bpewmsi cyrok // Time of the day

= OcwuHcKas necHas aava
Osinskaya lesnaya dacha

g. 5 Diurnal fluctuations of the delayed fluorescence relative index at different weather conditions

Puc. 5. /lHeBHOe H3MeHEeHHEe OTHOCUTEIbHOI0 NOKa3aTeisi puiyopecueHIMH XJI0popuLiIa
MPH Pa3HBIX MOTOAHBIX YCIOBUSAX

Table 3
Values of relative index of chlorophyll fluorescence, background site shares
Tabiuma 3
3HauyeHHs OTHOCUTEJIbHOIO NOKa3aTe sl GuryopecueHunu XJopopusiia, 1oau Gpona
Yepnsiesckuii siec / Chernyaevsky les OcwuHckas secHas nada // Osinskaya lesnaya dacha
NeTIIT//| OMB® //| NeTIIT// | OI3D // | NeIIIT//| OIBD// | NeIIIT// | OTI3D // | NeTIIT// | ONI3D // | Ne IIIT// | OII3D
Ne SA RIDF Ne SA RIDF Ne SA RIDF Ne SA RIDF Ne SA RIDF Ne SA | // RIDF
1 0,90 11 1,03 21 0,77 1 1,19 11 1,15 21 0,85
2 0,94 12 1,02 22 0,98 2 1,35 12 1,12 22 0,83
3 0,60 13 0,63 23 0,76 3 1,25 13 0,93 23 0,54
4 0,65 14 0,74 24 0,92 4 1,30 14 0,89 24 1,00
5 0,59 15 0,52 25 0,89 5 0,98 15 0,98 25 0,89
6 0,44 16 0,76 26 0,82 6 1,20 16 0,97 26 0,72
7 0,57 17 0,79 27 0,84 7 0,97 17 0,48 27 0,87
8 0,57 18 0,66 28 0,89 8 1,02 18 0,49 28 0,80
9 0,64 19 0,75 29 0,64 9 0,91 19 0,63 29 0,86
10 0,92 20 0,70 30 0,61 10 0,82 20 0,69 30 0,78
Cpennee OIT3® // Average RIDF 0,75 £ 0,3 Cpennee OII3® // Average RIDF 0,92 + 0,4
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On average the value of RIDF at study areas in
“Osinskaya lesnaya dacha” is lower by 8% (£ 4%) from
the background site. On average the value of RIDF at
study areas in “Chernyaevsky les” is lower by 25% (+
3%) from the background site.

The value of RIDF under the impact of considerable
anthropogenic impact is lower by 25 % and more related
to the background site. This deviation testifies that the
human impact is present even on the early stage of eco-
system degradation.

The delayed chlorophyll fluorescence is substantially
decreased when assimilation organs of Pinus sylvestris
undergo anthropogenic influence.

Conclusions

1. The developed methodology according to geo-
chemical and physiological indices was applied in order
to estimate the forest ecosystems conditions under the
influence of anthropogenic impact. Comparative analysis
of the background site and the urbanely exposed forest
ecosystem elucidated the effects of geochemical and
physiological changes in the Pinus sylvestris.

2. Increased concentrations of Pb, Ag, Zr, Ba, Sn, Sc,
Ti, Cr, Zn lead to the appearance of technogenic geo-
chemical fields in sand soils of urban forest ecosystems.
Pinus sylvestris needle comprises remarkable amounts of
Ti, V, Cr, Cu, Ni.

3. The background site is distinctive of the permissi-
ble level of pollution. The cumulative index of soil con-
tamination demonstrates dangerous and relatively dan-
gerous levels of pollution in the urban areas.

4. The measurement of IAA revealed the highest ac-
cumulations of such elements as Ti, Mn, Cr, Zn. Howev-
er, with the consideration of the background content Pb
and Ag accumulations are more crucial. Thus, IRA corre-
lates with values of concentration index and gives addi-
tional data about soil pollution.

5. The biological uptake of the pine urban ecosystems
is represented in the range: Mn (10,16) > P (7,19) > Ag
(2,78) > Ba (2,76) > Cu (2,31) > Sr (1,85) > Ni (1,80) >
Zn (1,75) > Pb (0,86) > Co (0,48) > Cr (0,40) > Zr (0,37)
>V (0,36) > Ga (0,33) > Ti (0,21). In comparison with
the background site data the biological uptake is in-
creased in regard to V, Ti, Ni, Cu, Cr.

6. The value of RIDF under the impact of considera-
ble anthropogenic impact is lower by 25% and more re-
lated to the background site. This deviation testifies that
the human impact is present even on the early stage of
ecosystem degradation (at the absence of morphological
discrepancies).

7. The increased anthropogenic impact as a result of
urbanization changes the quality of environment. Pine
ecosystems are adversely affected. At an early stage of
degradation such processes as accumulation of some
elements in soil and needle in Pinus sylvestris, decreases
in photosynthesis rate and productivity of woody plants
occur.
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