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Received: 04.05.2020 Abstract. The objective of the paper was determining biogeochemical peculiarities of ac-
Received in revised form: 13.05.2020 cumulation of chemical elements (Mn, Ni, Co, V, Cr, Zr, Cu, Pb, Zn, Ba, P) by wild-grow-
Accepted: 30.05.2020 ing shrubs (stems and leaves) — bog bilberry (Vaccinium uliginosum), European blueberry

(Vaccinium myrtillus L.), alpine juniper (J. communis subsp. alpina); perennial herbaceous

plants (flowers and leaves) — common tormentil (Potentilla erecta (L.) Hampe), willow
gentian (Gentiana asclepiadea), true sedges (Carex); and trees (needles) of European silver fir (4bies alba) on nine plots in the Svy-
dovets Massif of the Ukrainian Carpathians. The results we obtained based on field surveys (selection of samples of soil and vegeta-
tion) and interpretation of their analysis allowed us to determine the total regional background of chemical elements in soils and ash of
plants using emission spectral analysis. We assessed the total concentration of chemical elements in soils of the plots (least to highest):
the Apshynets Ridge — the Herashaska Polonyna — Drahobratske Lake — the Svydovets stream — Apshynets Lake — Herashaske Lake
— the Zhuravlyne Bog — Vorozheske Lake (group of small lakes) — Vorozheske Lake (large) and determined the dependence on type of
soil and pH. We determined that for wild-growing herbaceous plants the biogeochemical activity of species increases in the following
sequence: true sedges - willow gentian - common tormentil; for wild-growing shrubs (bog bilberry, European blueberry, alpine juniper)
such a sequence is impossible to determine due to the great difference between the values on different plots. We determined the role of
each plant as medicinal for treating microelement deficiency in Cu, Zn, Co. We determined that in the plot of the Herashaska Polonyna,
the needles of alpine juniper contain a maximum amount of Zn and Co, the needles and leaves of bog bilberry — Cu, Zn, Co; the flowers
and leaves of common tormentil by Apshynets Lake and European silver fir near the area of the Svydovets stream — Cu. We calculated
the daily dose of each element according to species of plants to overcome microelementosis. The results of biogeochemical surveys
may be the basis for determining and recommending plants as medicinal, and also of geochemical and biogeochemical monitoring
studies.

Key words: biogeochemical peculiarities. The Svydovets Massif of the Ukrainian Carpathians, accumulation of chemical elements,
soils, vegetation, microelementosis

BioreoximiuHi 0c00JIMBOCTI HAKONMYEHHSI XiMiYHUX €JIEMEHTIB POCJNHHICTIO CBHI0BELKOT0
MacuBy YKpaiHcbkux Kapnar

H. O. Kprouenko!, E. 5. XKosuncwkuit!, I1. C. [Tanapura?

! Incmumym 2eoximii, minepano2ii ma pyooymeopenust imeni M.I1. Cemenenxa HAH Vkpainu, m.Kuis, Ykpaina, nataliya.
kryuchenko@gmail.com
? Kapnamcwruii 6iochepruii 3anosionux Minicmepcmea enepeemuxu ma 3axucmy 0oexkiiisn Yxpainu, m.Paxie, Yxpaina

AHoTanisi. MeToro poOOTH € BUSBICHHS 0i0re€OXiMIYHUX OCOOMMBOCTEH HAKOMMUYCHHs XiMmiuHMX enemeHtiB (Mn, Ni, Co, V, Cr, Zr,
Cu, Pb, Zn, Ba, P) nukopociiorw pociauHHICTIO: KyIi (cTebna Ta nuctsa) — yoxuna (Vaccinium uliginosum), wopuuus (Vaccinium
myrtillus L.), sinienb cubipcekuit (Juniperus communis subsp. alpina); 6aratopiuHi TpaB’sSSHUCTI POCIUHHM (KBITH Ta JIUCTS) — IepcTad
npsiMocTosiunii, kanrad (Potentilla erecta (L.) Hampe), Tupiuy BarounukoBuii (Gentiana asclepiadea), ocoxa (Carex); Ta nepes (XBosi)
sl Ounoi (Abies alba) na nep’sitn pinsgnkax CBHIOBeLbKOro MacuBy YkpaiHchkux Kapmar. Pesymsraté oTpumaHni aBropamu Ha
OCHOBI TOJILOBUX POOIT (BiIOOPY 3pa3skiB IPyHTY Ta POCIMHHOCTI), Ta IHTEPIPETALINHOT 1X 00pPOOKHU JT03BOIMIM BU3HAYUTH BaJIOBUI
perioHanbHUi QOH XIMIYHNX €JIEMEHTIB y IPYHTaX Ta 30J1i POCIMHHOCTI 32 JI0NIOMOT0I0 eMiCIHHOro CleKTpaibHOro anaiizy. OmiHeHo
CyMapHy KOHIIHTpALil0 XIMIYHUX €JIEMEHTIB y IpyHTaX AUISHOK (BiZ MEHIIOro 10 OiIbIIOro): Xxpeber ANIIMHENb — IOJOHHHA
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I'epamaceka — o3epo [lparoOparpke — notik CBuaoBens — 03epo AmmuHelb — 03epo I'epamackka — 6ooro JXKypasnuaa — 03epo
Boposkeckbke (rpymna Maaux o3ep) — 03epo Bopokecbke (Bennke) Ta 3’sCOBaHO 3aJIXKHICTh BiJ BUAY I'pyHTIB Ta pH. BeranosieHo, mo
JUTSL TUKOPOCIIMX TPaB’STHUCTUX POCIINH 0i0reoXiMiuHa aKTUBHICTE BHIY 3POCTAE B PSIy: OCOKA — TUPJINY — epCTad; ATt AUKOPOCIUX
KyIIiB (JIOXWHA, YOPHHUIIS, SUTIBEIb CUOIPCHKUIT) TAaKUH PsIT HEMOXKIIBO BH3HAYHTH, 3BJKAFOUN Ha BEJIMKHUH Ieperia)l 3Ha4eHb Ha Pi3HUX
nistHKaX. BusHaueHa postb KOKHOT POCIIMHH, SIK JTIKapChKOT B SIKOCTI ITOJ0JIaHHS MikpoeneMeHTo3Horo nedinury Cu, Zn, Co. Beranos-
JICHO, 10 Ha AUISHII NoJoHuHa ['epamachbka TTKY sUTiBIST CHOIPCHKOTO BMIIIYIOTh MAKCHMaIIbHY KibKicTh Zn Ta Co, TJIKY Ta JUCTS
noxuau — Cu, Zn, Co; KBITH Ta JIUCTS MepcTada 03. ANIIUHEIb 1 sutul Oina aistake motik Ceunosens — Cu. Po3paxoBaHa 1000Ba 103a
KO)KHOTO €JIEMEHTY 3a BHIAaMH POCIMHH JUIs TIOJJOJIAHHS MiKpoesieMeHTo3y. Pe3ynbraT 6ioreoxXiMidHuX poOiT MOXKYTh cTaTH 6a3010
IIPY BU3HAYCHHI Ta PEKOMEH/1allii POCIINH SIK JIIKAPCHKUX, @ TAKOXK MOHITOPHHIOBHX I'€OXIMIYHHX Ta 010Tr€0XiMIYHHUX TOCII/KEHb.

Kniouosi cnosa: 6ioceoximiuni ocodonrusocmi, macus Ceudoseysb Yrpaincokux Kapnam, HakonuyenHs XiMIYHUX eleMeHmis, IPYHmu,

POCIUHHICMb, MIKPOETeMEHMOo3

Introduction.

Biogeochemical studies of the highland belt of
the Svydovets Massif of the Ukrainian Carpathians
are especially valuable as the gold standard for
the region. The remoteness of the Massif from the
industrial centers gives us reasons to suggest the
ecologically pristine states of the flora.

Among well-known studies on determining the
geochemical constituent of environmental objects, we
have to note the following research (Kabata-Pendias,
Pendias, 1989), (Alekseenko, 2000), (Samofalova,
2009), (Lang, Kruger, Chmara, 2017), (Kryuchenko,
Zhovinsky, Paparyga, 2019) which is of high preci-
sion due to use of more advanced analytical methods.

For the territory of Ukraine, an important is-
sue is assessing natural or technogenic geochemical
anomalies, and in order to do so in the first place it is
necessary to determine the regional background con-
tent of chemical elements in soils and vegetation. The
studies (Klos, Birke, Zhovinsky, 2012), (Zhovinsky,
Kryuchenko, 2014), (Zhovinsky, Kuraeva, 2002) de-
voted to determining sources of anomalous content
of chemical elements in soils and vegetation gave a
new sense to the aspects concerning assessment of the
anomalies.

Currently, there are very few studies on the bio-
geochemical condition of the Ukrainian Carpathians.
The first studies on determining the chemical content
of soils and vegetation of the Ukrainian Carpathians
concerned the use of secondary aureoles and flows of
diffusion of metallogenic provinces (Sushik, 1978).
After these studies, materials on geochemical compo-
sition of the regions” environmental objects have not
been presented for quite a while. As a result of com-
plex study of geochemistry of the territory of the Car-
pathian Biosphere Reserve (CBR), the results were
published of research (Zhovinsky, Kryuchenko, 2014)
which included analyses of geochemical content of
environmental objects, and results were presented of
research on patterns of chemical elements and their
mobile forms in soils, ground water and surface wa-

ters, vegetation, mushrooms and atmospheric precipi-
tations (Zhovinsky, Kryuchenko, Paparyga, 2013).
Further studies (Kryuchenko, Zhovinsky, Paparyga,
2018) performed in these regions focused on ore and
technogenic geochemical anomalies (lithochemical,
hydrochemical, atmochemical, biogeochemical) in
the protected territories of the Ukrainian Carpathians.

Biochemical studies with ecological purpose are
broadly conducted in different regions of the world.
Recent studies (2017-2020), presented to the scien-
tific community, concern different species of plants
(Kudrevatykh, Kalinin, Alekseev, 2019) as bioindica-
tors for assessment and monitoring of environmen-
tal contamination with heavy metals (Kryuchenko,
Zhovinsky, Paparyga, 2019), their accumulation in
agricultural plants (Hazrat., Ezzat, Ikram, 2019), eco-
logical toxicology of microelements (Wang, Wu, Liu,
Liao, Hu, 2017), ecological resistance, toxicity and
bioaccumulation of heavy metals in the environmen-
tal objects (Buts, 2018), (Palutoglu, Akgul, Suyarko,
Yakovenko, Kryuchenko, Sasmaz, 2018).

The biogeochemical research conducted by us
hase practical importance. In spite of the fact that
most plants of the Svydovets Massif are medicinal
ones used not only as raw material for the pharma-
ceutical industry, but also by the locals as tinctures,
decoctions, it has become necessary to determine the
properties of these plants in solving the problems of
microelement deficiency, which we emphasized in
our work.

The objectives of the study were peculiarities
of accumulation of chemical elements (Mn, Ni, Co,
V, Cr, Zr, Cu, Pb, Zn, Ba, P) by wild-growing vegeta-
tion (shrubs — bog bilberry (Vaccinium uligindsum),
European blueberry (Vaccinium myrtillus L.), alpine
juniper (J. communis subsp. alpina); perennial her-
baceous plants — common tormentil (Potentilla erecta
(L.) Hampe), willow gentian (Gentiana asclepiadea),
true sedges (Carex) and trees (coniferous) European
silver fir (4bies alba)) in nine plots in the Svydovets
Massif of the Ukrainian Carpathians.
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Materials and methods.

Materials for the studies were the samples of
surface deposits (soils) and wild-growing plants (the
stems and leaves) and trees (the needles) in nine
plots of the Herashaska Polonyna (montane meadow)
(hereinafter — the Herashaska Pol.), the Apshynets
Range (hereinafter — the Apshynets R.), Apshynets
Lake (hereinafter — Apshynets L.), Herashaska Lake
(hereinafter — Herashaska L.), the Zhuravlyne Bog
(hereinafter — the Zhuravlyna B.), Drahobratske Lake
(hereinafter — Drahobratske L.), Vorozheske Lake —
large (hereinafter — Vorozheske L.), Vorozheske Lake
— a group of small lakes (hereinafter — Vorozheske L.
s.), the Svydovets stream (hereinafter — Svydovets s.).

The authors of the article collected the samples
of soils and vegetation during the period of August-
September of 2019. The criteria for selection of
phyto-objects for geochemical testing were their
ubiquitousness in the places of complex geochemical
sampling (samples of vegetation were taken in the
places of sampling the surface deposits). In total,
120 samples of soil and 150 samples of vegetation
(around 25 samples of each species) were collected.
The species of plants the samples were collected from
are presented in Fig. 1.

european blueberry
(Vaccinium myrtillus)

bog bilberry
(Vaccinium uliginosum)

common tormentil
(Potentilla erecta)

willow gentian
(Gentiana asclepiadea)

Quantitative general chemical analysis of soils
and ash was performed on a Saturn-3 spectrograph
with graphite furnace in the Chemical-Analytic Cen-
ter of the M.P. Semenenko Institute of Geochemistry,
Mineralogy and Ore Formation of the National Acad-
emy of Sciences of Ukraine (analysts — V. 1. Kolomi-
ets, O. A. Zhuk). Sensitivity of analyses for different
elements equaled 0.01 ug/dm? to 0.0001 pg/dm?.

Analytic studies. Due to the absence of anthropo-
genic contamination of the studied territory, which is
thanks to most of its area being under protected sta-
tus, we used the following parameters to assess the
soils (Alekseenko, 2000): coefficient of concentration
(Kc) — ratio of actual content of chemical element to
background content and total indicator of concentra-
tion (XKc) which equals the total of coefficients of
concentrations of separate elements.

During the study of vegetation, we used such a
parameter as coefficient of biological absorption (Ax)
which equals the ratio of the content of the element in
the ash of plants to its content in soil the plant lives in.
To quantitatively express the general ability of species
to concentrate microelements, we used the parameter
of biogeochemical activity of species (BCA) which is

alpine juniper (J. communis subsp. alpine)

true sedges (Carex sp.) european silver fir

(Abies alba)

Fig. 1. Species of plants of the Svydovets Massif, from which we took the samples
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the total amount of coefficients of biological absorp-
tion (Ax) of separate microelements (Kudrevatykh,
Kalinin, Alekseev, 2019). Statistical data analysis was
performed using Statistica 10 software.

Characteristics of the areas of studies.

All sites were located within the Svydovets
Mountain Massif — between the Teresva River (in the
west) and the Chorna Tysa (in the east). This structure
is one of the system-forming elements of the Ancient-
Glacial high polonynas (montane meadow ) of flysch
landscapes of the Ukrainian Carpathians (Gerenchuk,
1981). It is characterized by slightly wavy lines of the
mountains without sharp transitions between the sad-
dles and peaks. According to the altitude level, it is the
highland of the Ukrainian Carpathians located above
the natural upper border of the forest (1,300-2,061m
above sea level), covered by Alpine and Sub-Alpine
vegetation on mountain alkaline-brown and mountain
peat-brown soil (Vovk, Orlov, 2014).

According to the tectonic division, the surveyed
sites belong to the Chornohirsky and Dukliansky
nappes (Suschik, 1978) composed of Cretaceous and
Paleogenic flysch and are different from each other
in the structures of flysch deposits and some morpho-
logical peculiarities of the folded and rupture disloca-
tions. Sites 1-6 are located within the Chornohirsky
nappe, sites 7-9 — the Dukliansky nappe (Fig. 2).

The surveyed plots were identified as belonging
to the high-mountain (1,400—1,700 m) altitude belt
of the Ukrainian Carpathians. The high altitude zone
of the mountains, located above 1,400 m, with its
cold excessively humid climate and shrub-meadow

a

vegetation is distinct in its highly idiosyncratic soil
processes. The influence of rich herbaceous vegeta-
tion has resulted in the development of a peat type of
soil formation, but biological life of the soil in such
severe climatic conditions is less active than in the
plains. Specific mountain-meadow-brown soils have
been formed, the soil-forming rocks for which were
the deposits sedimented over the period from the
Lower Cretaceous to the Eocene. The soils are repre-
sented by rough-rhythmic flysch — with dominance of
sandstones and fine- or average-rhythmic flysch — dis-
tinctive alternation of sandstones and clayey schists
(Gerenchuk, 1981). In the process of weathering of
these rocks, mostly loamy deposits form. The genetic
profile of brown mountain-meadow soils is as fol-
lows: the layer of dead dry semi-humid 2-6 cm-deep
meadow litter, humus horizon measuring 8-12 cm, of
grey-brown colour, with well manifested grainy-fine
nut structure, which together with debris of the parent
rocks conditions the dryness and favourable aqua-air
regime of brown earths (Zhovinsky, Kryuchenko, Pa-
paryga, 2013). The rocks on which the brown moun-
tain-meadow soils form are extremely poor in calci-
um compounds. Thus, they are poorly saturated with
cations of two-valent metals and highly acid. Further-
more, the type of soil (sandy, sandy-loamy, loamy and
clayey) corresponds to migratory properties of chemi-
cal elements (Table 1).

Results and discussion.

To determine peculiarities of uptake of chemical
elements by plants, one needs to know their content
in the soil. We determined the content of Mn, Ni, Co,

b

Fig. 2. Scheme of locations of the plots in the study on the plan a): 1 — borders of the protected massifs of the Carpathian
Biosphere Zapovednik , 2 — study plots and their numbers: 1 — Apshynets L., 2 — Vorozheske L. 1., 3 — Vorozheske L. s., 4 —
Herashaska L., 5 — the Apshynets R., 6 — the Herashaska Pol., 7 — the Svydovets s.; 8 — Drahobratske L., 9 — the Zhuravlyna
B.; 6) the tectonic scheme (Matskiv, Pukach, Vorobkanych, Pastukhanova, Hnylko, 2009): 1 — the Chornohirsky nappe; 2 —
the Dukliansky nappe; 3— the Porkuletsky nappe 4 — the Krosnenska zone, 5 — Ivano-Frankivsk Oblast.
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Table 1. Characteristics of survey plots in the Svydovets Massif

Number
(accord- Height (m . .
ing to Name of the plot asl) Type of soil, pH Samples of vegetation
Fig.1)
common tormentil, willow
1 Apshynets L. 1495 Clayey, pH 5,5-6,5 gentian
2 Vorozheske Lake L. 1. 1450 Sandy-loamy and loamy, pH 4.5-6 alpine juniper
3 Vorozheske L. s. 1524 Sandy-loamy and loamy, pH 3.7-4.5 bog bilberry
4 Herashaska L. 1583 Sandy-loamy, pH 4.5-6 true sedges
5 Apshynets R. 1659 Sandy-loamy, pH 5.3-6.5 European blueberry
6 Herashaska Pol. 1633 Sandy-loamy, pH 4.9-6 bog bilberry, alpine juniper
7 Svydovets s. 1133 Loamy, pH 6.5-7 European silver fir
Drahobratske L. 1400 Loamy, pH 5.5-6 willow gentian, true sedges
Zhuravlyna B. 1470 Loamy, pH 3.7-4.5 alpine juniper

Ti, V, Cr, Mo, W, Zr, Hf, Rb, Ta, Cu, Pb, Ag, Sb, Bi,
Zn, Cd, Sn, Ge, Ga, Be, Sc, Ce, La, Y, Yb, Th, As, Ba,
Li, P, but only the group comprising Mn, Ni, Co, V,
Cr, Zr, Cu, Pb, Zn, Ba, P was analyzed, because the
content of other elements in ash of plants was lower
than analysis sensitivity. For each plot, we determined
the average content of the abovementioned elements,
and determined the average content for all the plots
(Table 2).

Comparing the average content of chemical ele-
ments with Clarke number of soils around the world,
we determined: Ba, Pb — concentration in soils of the
Massif exceeded average values 1.7-1.9; Co, Cr, Ni
was 10 times lower; Mn, V, Cu, Zr —twice as low; Zn,
P — almost the same. Such content of the elements
is related to the regional geochemical background of
Ca-poor soils.

To assess the soils of the Svydovets Massif, we
determined the background content of chemical ele-
ments, making further calculations according to this
parameter. We determined that concentrations of Mn,
Ba, P were twice as low as the background regional
content in all the plots, whereas in the plots of Vo-
rozheske L. l. and Vorozheske L. s. the concentra-
tions exceeded it by two times. This is related to the
fact that the soils in the plots of Vorozheske Lake are
sandy-loamy and loamy, significantly moistened, i.e.
as the level of hydromorphism heightens, the amount
of microelements in them increases as well. At the
same time, in the conditions of regular outwash re-
gime, metals are driven away from the profile of soils
(the Apshynets R.), leading to decrease in their total
content. Having calculated the concentration coeffi-
cient (Kc), we determined the distribution of chemical
elements in the surveyed soils concerning the back-
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ground content: the Apshynets R. (Pb, Zn, Ba, Cr)

the Herashaska Pol. (V, Cr, Zn, Ba, P)O’S; Drahobratske
L. Zn1,5>Cul, Apshynets L. (Pb, Zr, Co, V, Cr),, the
Svydovets s. (Pb, Zn, Ba, Cr)1’5>(Cu, P),, Herashas-
ka L. (Pb, Zr, Cr, V, Co),, the Zhuravlyna B. (P, Co,
Ni) >Cu,, Vorozheske L. 1. (Mn, Ba, Cr, Zr, Cu, Ni,
Co),>(Pb, Zn, P) , Vorozheske L. s. (Mn, Ba, Cr, Zr,
Cu, Ni, Co),>(Pb, Zn, P)LS. This allowed us to deter-
mine that maximum concentration of all chemical ele-
ments is characteristic of the plots of Vorozheske L.

The optimum indicator for comparing geochemi-
cal peculiarities of non-contaminated soils is the total
concentration coefficient (XKc). Calculation of this
parameter allows us to calculate the total concentra-
tion of chemical elements in soils of the plots (from
lower to highest): the Apshynets R. — the Herashaska
Pol. — Drahobratske L. — Svydovets s.— Apshynets L.
— Herashaska L. — the Zhuravlyna B. — Vorozheske
L. s.— Vorozheske Lake L. (Fig. 3).

We determined that with increase in pH from
4 to 7, the total concentration of chemical elements
decreased (23 to 4). When the plots were identical
according to the type of soil — brown mountain earth,
it was related to the type of soil — in case of loamy
types (the Vorozheske lakes 1. and s.), there occurred
concentration of chemical elements, while in sandy-
loamy ones (the Apshynets R. and the Herashanska
Pol.) — dispersion.

Biogeochemical  survey. Biogeochemical
surveys were made according to chemical composition
of parts of plants (Table 2), and their interpretation
by calculating coefficients of biological absorption
(Ax) and biogeochemical activity of species, allowed
us to determine the overall effect of accumulation
of microelements in the plants and determine the
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Table 2. Total content of microelements in soils and ash of vegetation of the Svydovets Massif, mg/kg

Numbers of the plots (according to Fig.1, Table. 1) Back- Clarke num-
. ground ber of soils
Chemical 1 2 3 4 5 6 7 8 9 in the around the
elements region world [1]
soils
Mn 100 500 600 200 80 100 100 150 60 210 850
Ni 10 40 60 10 5 8 10 5 40 21 40
Co 3 5 6 3 1 1 2 1 5 3 8
\' 30 80 80 40 20 10 30 10 20 36 100
Cr 30 80 100 40 20 10 30 10 10 37 200
Zr 200 400 400 300 80 100 100 100 60 193 300
Cu 10 80 80 10 10 10 40 20 30 32 20
Pb 20 25 18 18 15 18 12 8 12 16 10
Zn 20 50 50 20 20 20 20 50 20 30 50
Ba 100 300 200 100 90 90 100 100 100 131 500
P 200 500 500 200 200 200 400 200 500 322 800
vegetation
Mn 600 400 5000 5000 5000 4000 | 5000 500 5000 3389 7500
Ni 10 50 5 6 50 80 80 4 30 35 50
Co 2 6 2 1 6 10 8 1 4 4 15
\Y% 3 3 2 3 6 2 5 4 4 61
Cr 3 6 5 2 5 250
Zr 10 20 20 30 30 20 40 20 30 24 5
Cu 30 80 80 20 50 60 100 30 60 57 200
Pb 1 10 10 4 6 20 5 5 6 7 10
Zn 50 100 100 50 100 400 100 100 100 122 900
Ba 100 500 600 300 100 300 400 100 100 278 100
P 10000 | 10000 | 8000 3000 10000 8000 | 10000 | 8000 10000 | 8556 70000

Note. Species of plants (plots — numbers of the columns, according to Table 1.): 1— willow gentian, 2— alpine juniper, 3 — bog
bilberry, 4 — true sedges, 5 — European blueberry, 6 — alpine juniper, 7 — European silver fir, 8 — true sedges, 9— alpine juniper

main differences in intensity of involvement of
microelements in biological circulation by different
species of plants (Table 3).

We determined that wild-growing shrubs (bog
bilberry, European blueberry, alpine juniper) actively
absorb Mn, P and intensely absorb Co, Cu, Zn, Ba
from the soils (except the plots of Vorozheske L. 1. and
the Vorozheske L. s., which is explained by presence
of loamy soils, where it is hard for the roots of plants
to adjust the element into available form. Herbaceous
plants actively and intensely accumulated Mn P Cu. It
is noteworthy that only in the Herashaska Pol. did the
wild-growing shrubs - bog bilberry and alpine juniper
concentrate Mn P Zn Ni, Co, Cu. On that plot, there
are sandy-loamy moistened soils. In such conditions,
chemical elements turn into a form which is available
to plants.

We may draw a general conclusion that all the
plants (regardless of growing location) actively and

intensely absorb P and Mn, and furthermore the ele-
ment which common tormentil accumulated was Cu,
alpine juniper concentrated Zn, European silver fir —
Ni, and for bog bilberry, European blueberry, willow
gentian and true sedges the crucial role was played
particularly by the growing location (composition of
soils, pH).

It was important to determine the extent of up-
take of metals Ni, Co, Cu, Zn, Ba, Pb by one type
of vegetation at different plots, and therefore we
compared and developed graphs for visual evidences
(Fig.4).

The obtained data indicate that wild-growing
shrubs (bog bilberry, European blueberry, alpine juni-
per) are characteristic of intense biological uptake of
Ni, Co, Cu, Zn, Ba, Pb, though in the plot of the Hera-
shaska Pol., Zn was the element of active consump-
tion (Ax equaling 20-25) by bog bilberry and alpine
juniper. As for herbaceous plants, Ax value for all the

&3



N. O. Kryuchenko, E. Ya. Zhovinsky, P. S. Paparyga

Journ. Geol. Geograph. Geoecology, 30(1), 78—89.

Table 3. Coefficients of biological accumulation in (Ax) and biogeochemical activity (BCA) of different species of plants in the Svy-

dovets Massif

Elements of biological accumulation (Ax) ElemenF s of biological BCA
absorption (Ax)
Name of the plot active intense average P Mn, Cu, Zn, Ba, Ni,
10n i Ginbime 10-n 0,n Co, V, Cr, Zr, Pb, Bi
Wild-growing shrubs
bog bilberry
The Herashaska Pol. MI.I5°>P“°> Zn,5> Cr, Pb, Ba V, Zr 153,1
(Ni, Co, Cu),,
Vorozheske L. s. P, Mn, Cu, Zn, Ba Ni, Co, V, Cr, Zr, Pb 31,1
European blueberry
The Apshynets R. Mn, > P >Ni Co, Cu, Zn, Ba V, Cr, Zr, Pb 141,2
The Svydovets s. (Mn, P),, Zn, Ba gtl)l »Ni, Co, V, Cr, Zr, 47,7
alpine juniper
The Zhyravlyne B. Mn, > P, Cu, Zn, Ba Ni, Co, Pb, V, Cr, Zr 114,2
Vorozheske L. 1. P, Ni, Co, Cu Zn, Ba Mn, V, Cr, Pb 28,4
The Herashaska Pol. (M.n’ P> Zn,s> Cu, Pb, Ba V, Cr, Zr 132,5
(N1, Co)] 0
Herbaceous plants
common tormentil
Ni, Co, V, Cr, Zr, Pb,
Apshynets L. Mn >P, > Cu, Zn, Ba Bi 115,7
willow gentian
Drahobratske L. P, 1];/[;’ Ni, Co, Cu, Bi, Zn, V, Cr, Zr, Pb 71,1
Apshynets L. P, Mn, Ni, Cu, Zn, Ba Co, Pb 64,5
true sedges
Herashaske L. Mn, >P . Cu, Zn, Ba I];III’ Co, Pb, V, Cr, Zr, 48,8
Drahobratske L. P, Mn, Co, Cu, Bi, Zn,Ba | N1, V, Cr, Zr, Pb 51
Trees
European silver fir
Svydovets s. Mn >P, Cu, Zn, Ba 1;11, Co, V, Cr, Zr, Pb, 99,5

elements equaled 1-5, the exception being common
tormentil in the plot of Apshynets L., where consump-
tion of Cu equaled 10. The extent of uptake of chemi-
cal elements by European silver fir in the plot of the
Svydovets s. was 1-8: Ni>Zn>Ba>Co>Cu>Pb. We
should take into account that this chemical element
composition of plants which grow in the protected
territories may be an etalon for comparison with other
plants.

Regardless of the growing location, herbaceous
plants - true sedges (Herashaske L., pH 4.5, Draho-
bratske L., pH 6.3) and willow gentian ( Apshynets
L., 4.5 and Drahobratske L., pH 6.3) have close val-
ues of BCA: true sedges — 4749, willow gentian —
64—71, common tormentil — 115. For wild-growing
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shrubs (bog bilberry, European blueberry, alpine
juniper), BCA significantly varied. Therefore, BCA
of alpine juniper was 28.4 at the Vorozheske L. (1),
whereas in the Herashaska Pol. it was 132.5, i.e. 4
times greater. Bog bilberry of Vorozheske L. (s.) was
seen to have BCA of 31.1, whereas in the Herashaska
Pol. it equaled 153.1; for European blueberry it was
47.7 in the Svydovets s., and 141.2 in the Apshynets
R.; BCAs of alpine juniper were similar in the Zhy-
ravlyna B. and the Herashaska Pol. equaling 114.2
and 132.5 respectively, while accounting for 28.4 at
Vorozheske L.(1.). As for the trees, BCA of European
silver fir was 99.5. We can see that for herbaceous
plants, there is a BCA sequence of true sedges—
willow gentian— common tormentil. For wild-grow-
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Fig. 3. Diagram of values of the total concentrations coefficient (XKc) of chemical elements (Mn, Ni, Co, V,
Cr, Zr, Cu, Pb, Zn, Ba, P) and pH of soils in the study plots

ing shrubs, the sequence is impossible to determine
according to BCA due to large differences between
the values for various plots.

Microelements. Specificity of the element com-
position of plants determines the possibility of their
use as medicinal raw material. The plants we exam-
ined are used in folk medicine (Yakovlev, 2015). For

example, one of the most important properties of bog
bilberry (berries, leaves) is the ability to mitigate al-
lergy, it has anti-atherosclerotic and anti-ulcer effects;
European blueberry (berries and leaves) has antioxi-
dants which affect malignant tumours, cleanses the
intestines from salts and metals; common tormentil is
used for treatment of dysentery, abscess, hemorrhoids,

Fig. 4. Graphs of the extent of biological uptake (Ax) of Ni, Co,
Cu, Zn, Ba, Pb by the same species on the plots of the Svydovets
Massif
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Fig. 5. Diagrams of biogeochemical activity of plants (BCA) in the plots of the Svydovets Massif

has bactericidal, binding and blood-stopping proper-
ties, because it reduces penetrability of the capillaries
and narrows the vessels; willow gentian has antisep-
tic, anti-parasitic, diuretic properties; alpine juniper is
used to obtain essential oil from the fruits, branches
and needles, has toning, generally strengthening, anti-
inflammatory, expectorant effect; true sedges are used
as diuretic, anesthetic, anti-inflammatory preparation;
European silver fir — tincture of needles removes ac-
cumulated harmful substances from the organism,
is used to treat diseases of the respiratory tracts,
strengthening the immune system.

However, a special role in the normal functioning
of all physiological systems of the organism belongs
to microelements contained in at least 2,000 enzymes
which catalyze many chemical reactions in the or-
ganism. Deficiency, excess or dysbalance of micro-
elements is called microelementosis (Bardov, 2006).
Microelement correction in contemporary practical
medicine is becoming more and more popular among
people who are convinced of the vital necessity of re-
plenishing deficiency in microelements for successful
treatment of patients.

We analyzed the content of microelements — Zn,
Cu, Co in plants of surveyed plots for possibility of
recommendations concerning their balance in the or-
ganism.

Zinc. The daily need of a human for zinc is 12-16
mg for adults and 4-6 mg for children (3). The largest
amount of zinc among food products is seen in groats:
buckwheat — 14.9 mg/kg, wheat groats — 13.7 mg/kg;
in vegetables: garlic — 6.7 mg/kg, beet — 3.9 mg/kg
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(Ivanov,1994). Deficiency of zinc is accompanied by
growth retardation, over excitement of the nervous
system and rapid onset of fatigue.

We determined that the zinc concentrators are the
plants in the Herashaska Pol. - alpine juniper and bog
bilberry — 400-500 mg/kg (at background — 60 mg/
kg), whereas the amount of zinc in these plants in the
plots of the Vorozheske L. 1. and the Vorozheske L. s.
was equal— 70 mg/kg (Fig. 6 a).

We calculated the conditionally sufficient norm
for supply of the zinc balance (plants of the Svy-
dovets) for one adult per day: 30 g of bog bilberry
would be needed from the Herashaska Pol., and 160
g from Vorozheske L.; as for alpine juniper — 40 g of
the plant from the Herashaska Pol., while 160 g of the
ones from the Vorozheske L.

Copper. Daily copper requirement of the adult
organism is 1.5 mg (Bardov, 2006). In plant prod-
ucts the content of copper is 1-10 mg/kg: buckwheat
groats — 6.4 mg/kg, oat groats — 5 mg/kg, walnuts —
7.5 mg/kg, beans — 6.8 mg/kg (Ivanov,1994).

Copper content in plants of the Svydovets Massif
varied insignificantly: lowest was seen in true sedges
and European blueberry — 20-30 mg/kg, in willow
gentian and alpine juniper it accounted for 30-60 mg/
kg; maximum — in bog bilberry, common tormentil
and European silver fir, equaling 80-100 mg/kg (Fig.
6 b). Thus, the main role belongs to selectivity of
plants regarding copper, while growing location is
not significant. We estimated that for support of daily
balance of copper of one adult, 20 g of bog bilberry,
common tormentil and European silver fir, collected
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c

Fig. 6. Graphs of content of Zn, Cu, Co metals in plants of the plots of the Svydovets Massif
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from any plots on the Svydovets Massif are needed,
whereas other plants would be needed in amount of
70-100 g.

Cobalt. The content of cobalt in plants of the
Svydovets Massif slowly increased from true sedges
( Herashaske and Drahobratske lakes) — 2 mg/kg to
alpine juniper and bog bilberry of the Herashaska Pol.
— 10 mg/kg (Fig. 6¢). For the Heraska Pol., sandy-
loamy soil was typical, pH 4-6, and these conditions
were optimum for accumulation of cobalt by plants.

Cobalt is a constituent of vitamin B12, the content
of which in the human organism reaches 5 mg. The
daily requirement for cobalt is 0.1-0.8 mg (Bardov,
2006). Cobalt content in plant products, mg/kg: wal-
nut—0.15; beet — 0.12 mg/kg; strawberry — 0.9 mg/kg
(Ivanov, 1994). By calculating the norm of cobalt for
one adult, we determined that 30 g of alpine juniper
and bog bilberry from the plot of the Herashaska Pol.
would be needed, while other plants would be needed
in the amount of 100-300 g.

Finally, we would like to note that correction
of microelement deficiency using plant supplements
needs to be performed individually, considering
specifics of the organism.

Conclusions.

The research allowed us to find biogeochemical
properties of uptake of chemical elements (Mn, Ni,
Co, V, Cr, Zr, Cu, Pb, Zn, Ba, P) by wild-growing
vegetation (shrubs, herbaceous plants and trees —
European silver fir) on nine plots of the Svydovets
Massif of the Ukrainian Carpathians. We determined
the background content of chemical elements and es-
timated the total concentration of chemical elements
in soil plots (from lowest to highest): the Apshynets
R. — the Herashaska Pol. — Drahobratske L. — the
Svydovets s. — Apshynets L. — Herashaske L. — the
Zhuravlyna B. — Vorozheske L. 1. — Vorozheske L.s.
The soils in the plots of Vorozheske L were found to
be sandy-loamy and loamy, highly moistened, i.e.
their reserves of microelements increase following
increase in the level of hydromorphism. At the same
time, in the conditions of periodic wash-out regime,
the metals are driven away from the soil profile (the
Apshynets R.), and thus their overall content de-
creases. We determined that the extent of the influx
of the elements to plants depends on the overall con-
tent of the elements in the soil. Using the coefficient
of biological absorption, we determined that all the
plants (regardless of their growing location) actively
and intensely absorbed P and Mn from the soils, for
common tormentil the element of accumulation was
Cu, alpine juniper — Zn, European silver fir — Ni; for
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bog bilberry, European blueberry, willow gentian and
true sedges the important factor was growing location
(composition of soils, pH of environment). We deter-
mined that for wild-growing herbaceous plants the
biogenic activity of species increases in the sequence:
true sedges— willow gentian— common tormentil;
for wild-growing shrubs (bog bilberry, European
blueberry, alpine juniper) such a sequence is impossi-
ble to determine in spite of great differences between
different plots. We determined the medicinal role of
each plant to treat microelement deficiency in Cu, Zn,
Co. We determined that on the plot of the Herashaska
Pol. the branches of alpine juniper contain maximum
amount of Zn and Co, the branches and leaves of
bog bilberry — Cu, Zn, Co; the flowers and leaves of
common tormentil from Apshynets L. and European
silver fir near the Svydovets s. — Cu. We determined
the daily dose of each element according to species
of plants to overcome microelementosis. The results
of the studies on biogeochemical peculiarities of ac-
cumulation of chemical elements by vegetation of the
Svydovets Massif of the Ukrainian Carpathians may
be the basis for identification and recommendation of
plants as medicinal, and also monitoring geochemi-
cal surveys to predict the use of plants to overcome
microelementosis among the population.
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