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Abstract—Epiphyton chemistry was studied in the Ivankovo Reservoir; a large number of micro- and macro-
elements (Ag, Al, As, Ba, Ca, Cd, Ce, Co, Cr, Cu, Fe, K, La, Li, Mg, Mn, Mo, Na, Nd, Ni, P, Pb, S, Sc, Sr,
Ti, V, Y, Yb, Zn, W) were determined with the use of up-to-date analytical methods. Comparative character-
istics of the geochemistry of macrophyte epiphyton of different ecological groups is given for the Ivankovo
Reservoir. The potential of epiphyton as a biogeochemical indicator of anthropogenic impact on the water
body is examined.
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INTRODUCTION
Epiphyton is a community of microbiota (algo-

flora), which exists attached to macrophytes [8, 9].
Epiphyton, along with higher aquatic plants (HAP),
plays an important role in production processes in
water bodies and actively participates in the processes
of migration and binding of metals and other pollut-
ants entering the aquatic ecosystem. The bulk primary
production of epiphyton in the biotopes of the littoral
zone of reservoirs is higher, in terms of effective pro-
duction, than the production of both plankton and
microphytobenthos, ranking second after macrophyte
production [6, 8, 9]. Epiphyton is most widespread in
the littoral zone of water bodies, where it is often the
only source of primary production. According to dif-
ferent data, epiphyton can provide from 10 to 70% of
the total organic matter production in the water body
[10, 16]. Epiphyte microflora commonly accounts for
the maximal part of alga biomass in shallow water bod-
ies and the littoral zone of large water bodies. In the
Ivankovo Reservoir, shallow zone occupies a consid-
erable portion (48%) of its area [7, 18]; this determines
the high degree of water body overgrowth with HAP,
on which epiphyton forms. The species composition
and the structure of alga epiphyton have been studied
well because these organisms can be used as water
quality indicators in assessing changes in the hydro-
logical–hydrochemical conditions in the water body
[8, 9]. Macro- and microelements in epiphyton com-
position form an important component of matter
fluxes into the food chains of organisms in aquatic
ecosystems, they actively participate in biogeochemi-
cal processes [16]. However, studying epiphyton
chemistry is not enough to understand its geochemical

role in biogeochemical cycles of freshwater ecosys-
tems.

Bioproducers (plankton, macrophytes, epiphyton,
etc.) are a source of organic matter of sediments; in the
course of their vital activity, they absorb and accumu-
late microelements. Elements–pollutants accumulate
through sorption on the barrier of dead organic matter.
The planktonogenic organic matter of lacustrine
deposits is known to give start to the formation of fossil
fuels and often shows oil-parent properties [11, 12].
Theoretical principles of studying the role of plankton
in geochemical cycles of elements and sedimentation
processes have been formulated in [2, 11, 12, 14]. Bio-
geochemical processes involving plankton in conti-
nental water bodies and sedimentation processes with
its participation were studied in [12, 13]. However, the
geochemical role of epiphyton in the formation of the
microelement composition of bottom sediments in
different aquatic ecosystems, including anthropo-
genic, such as reservoir, has not been determined.

This study is the continuation of many-year studies
of the ecological–geochemical conditions of Ivankovo
Reservoir ecosystem [4, 5, 17]. In addition to studying
abiotic components (bottom sediments; soils on the
drainage area; surface, bottom, and pore waters),
studies should also embrace the biotic component of
Ivankovo Reservoir ecosystem. The biogeochemical
role of different types of higher aquatic plants of the
Ivankovo Reservoir in microelement migration pro-
cesses and the efficiency of their use in environmental
monitoring is discussed in [5]. Considerable experi-
ence has been accumulated in the use of phytoplank-
ton in biomonitoring aquatic ecosystem pollution by
heavy metals. [16]. However, the difficult sampling of
348
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Fig. 1. Scheme of Ivankovo Reservoir sampling. Asterisks show stations of sampling epiphyton, macrophytes, and water.

Tver

Melkovo

Redkino

Shoshinskii Pool

N

Soz R.

Babkinskii Bay

SDPP

Konakovo

Ploski

Gorodishche

Novozavidovskii

Ivankovskii Pool
Peretrusovskii Bay

Omutinskii 
Bay

Moshkovicheskii 
Bay

Novosel’skii Bay

Dubna
plankton and the need to use special equipment ham-
per the use of plankton as an object of environmental
monitoring and bioindication. Bioindication meth-
ods, based on the reactions of plankton communities,
are applicable, primarily, to lakes and, with a great
caution, to f low-through water bodies. In reservoir
areas with riverine hydrodynamic regime, plankton
has no time to form, so it consists mostly of species
delivered from upstream reaches and, therefore,
inherits the chemistry of the habitat [12]. It is very dif-
ficult to determine the habitat of individual plankton
samples, because of its incessant motion with water
masses. Epiphyton is functioning attached at the same
place throughout its life cycle. In this case, the species
composition of phytoplankton is known to be identical
to that of epiphyton [9].

The objective of this study is to assess the biogeo-
chemical role of epiphyton in the accumulation of
microelements, and the perspectives of the use of epi-
phyton to assess the ecological-geochemical state of
an aquatic ecosystem, based on the case study of the
Ivankovo Reservoir.

This study is aimed at
determining the chemistry of epiphyton on macro-

phytes of different ecological groups, inhabiting the
Ivankovo Reservoir, with the use of up-to-date analyt-
ical methods;

assessing the biogeochemical concentration func-
tion of epiphyton and the degree of accumulation of
WATER RESOURCES  Vol. 45  No. 3  2018
various chemical elements in epiphyton by biological
absorption coefficients (BAC);

assessing the current ecological–geochemical con-
ditions of different reservoir areas by microelement
content of epiphyton;

assessing the potential of epiphyton in the biogeo-
chemical indication of reservoir conditions.

MATERIALS AND METHODS
The Ivankovo Reservoir is located in Tver oblast

between the cities of Tver and Dubna; the reservoir is
used as a source of drinking water supply to Moscow.
Field studies were carried out in the Ivankovo Reser-
voir in July 2005 and 2010. The object of studies was
epiphyton—fouling algacenoses on macrophytes,
growing in reservoir bays with different levels of
anthropogenic impact: Babninskii, Peretrusovskii,
Novosel’skii, Moshkovicheskii, and Omutninskii, as
well as the Shoshinskii Pool (Fig. 1). The background
objects were taken to be the bays of Babninskii, Per-
etrusovskii, and Novosel’skii, which are far from large
pollution sources, suffer minor anthropogenic impact,
and contain no controlled wastewater discharges. The
station in the Shoshinskii Pool can be also referred to
background area as it lies near Zavidovo National
Park, upstream of potential pollution sources.

The species composition of Ivankovo Reservoir
epiphyton have been well studied and found to be rep-
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resented by the following algae, % of the total amount:
diatoms (Bacillariophyta), 48; green algae (Chloro-
phyta), 28; blue-green algae (Cyanophyta), 12; and
other species (pyrrophytic Pirrophyta, yellow-green
Chrysophyta, green Chlorophyta, and euglena Eugle-
nophyta), 12 [8]. As the hydrological–geochemical
factors contribute much to the formation of epiphyton
composition, the samples were divided into two
groups by the growth conditions of host macrophytes:
epiphyton from macrophytes from the group of
aquatic–marsh plants and epiphyton from submerged
macrophyte species. The examined macrophyte group
contained the species of two ecoloigical groups: helo-
phytes, i.e., aquatic–marsh plants (reed manna grass,
club-rush, common reed grass, and narrow-leaved
cattail) and hydrophytes, i.e., submerged plats (shin-
ing pondweed, clasping-leaved pondweed, dark green
hornweed).

Some researchers believe macrophytes to be an
inert surface for inhabiting by epiphyton, and epiphy-
ton from different types of macrophytes to have the
same species composition. It is supposed that,
although the type of substrate and the species compo-
sitions of macrophytes have an appreciable effect on
the algaflora that develops on them, but the hydrolog-
ical–geochemical conditions of the habitat play a key
role [1, 8, 9, 23]. Other researchers attribute the differ-
ent composition of epiphyton algae on macrophytes of
different types to the important role that the host mac-
rophyte plays in epiphyton formation as a medium-
forming factor [15, 21, 24]. Currently, there is no uni-
fied theory regarding the interrelation between macro-
phytes and epiphyton attached to it; therefore, the
authors proceeded from the concept of neutral inter-
actions, relying on the study [8], where it is noted that
no confinement of epiphyton algae to certain macro-
phyte species was revealed in the Ivankovo Reservoir,
i.e., epiphyton samples can be taken from any macro-
phyte species and no single species is to be chosen.

The above-root part of the plant was accurately cut
under water, and next a hard brush and a plastic
scraper were used to remove epiphyton samples into
Petri dishes, and forceps were used to remove zooben-
thos. The obtained epiphyton samples were dried in a
dessicator (at t = 105°C), pulverized in an agate mor-
tar, and stored in vellum packets. Next, the samples
were decomposed in a microwave system Discover: a
250-mg weighted sample was poured by 5 mL of con-
centrated nitric acid, warmed to 200°C, incubated for
5 min, and cooled. The white f locks of silicic acid were
filtered out through a paper filter and diluted to
25 mL. The concentrations of Ag, Al, Ba, Ca, Ce, Co,
Cr, Cu, Fe, K, La, Li, Mg, Mn, Mo, Na, Nd, Ni, P,
S, Sc, Sr, Ti, V, Y, Yb, and Zn were determined by
atomic-emission spectrometry with inductively cou-
pled plasma (AES-ICP) on instrument IRIS Intrepid
II XDL Duo (Thermo Electron Corporation, USA) in
the Vernadsky Institute of Geochemistry and Analyti-
cal Chemistry, Russian Academy of Sciences. The
concentrations of As, Pb, and Cd were determined by
atomic-absorption spectrometry with electrothermal
atomization (ETAAS) on instrument Solar MQZ
(Thermo Electron Corporation, США). High-purity
standards (parts A and B) were used for measure-
ments, sulfur was measured with the use of a standard
made of sulfuric acid fixanal. Standard solutions for
AES-ICP in the determination of main macro- and
microcomponents were a 23-element standard solu-
tion 11355 ICP Multi Element Standard IV (Merck)
(with concentration of elements 1000 ± 10 mL/L) and
multi-element standard solutions ICP-MS 68 (parts A
and B) (High-Purity Standards) (with concentrations
of elements of 100 and 10 mg/L, respectively). The rel-
ative standard deviation varies from 0.1 to 10%,
depending on the measured concentration: from 5 to
50 ng/mL, the error is 5–10%, and from 50 ng/mL to
20 μg/L, it is 0.1–3%.

In all bays, in addition to epiphyton samples, sur-
face water samples were taken in 2010, which immedi-
ately after sampling were filtered through Vladipor
membrane filter with a pore size of 0.45 μm and acid-
ified by 0.1 mL of concentrated nitric acid per each
10 mL of sample to study by AES-ICP method. Ele-
ments As, Cd, and Pb were determined by ETAAS
method. The concentrations of Cd, Ce, Co, Cr, La,
Mo, Nd, Ni, Pb, Sc, V, Y, and Yb in natural water was
determined by mass-spectrometry with inductively
coupled plasma (ICP-MS), because the concentra-
tions of these elements in water samples were below
the detection limit of AES-ICP method. The analyses
were made on ELEMENT-2 mass-spectrometer
(Thermo Scientific) at the Chair of Geochemistry,
Faculty of Geology, Moscow State University. In
2005, a limited number of elements, mostly, heavy
metals (Cd, Co, Cr, Cu, Ni, Zn), were determined in
surface-water samples.

Samples of higher aquatic plants (HAP) were taken
in overgrowing bays. The above-root part of the plant
was cut off, washed in f lowing water, dried at room
temperature, pulverized in a mill, and incinerated at
t = 450°C. Ash samples were decomposed in a mixture
of acids (HF + HNO3 + HCl). The element composi-
tion was determined by mass-spectrometry with
inductively coupled plasma on ELEMENT-2 instru-
ment (Thermo Scientific) at the Chair of Geochemis-
try, Faculty of Geology, Moscow State University.
The overall chemical composition of plant ash was
determined by X-ray-fluorescent method on an
AXIOS Advanced spectrometer [4].

RESULTS AND DISCUSSION
As is known, bioindication can be implemented

both by the response of an organism and the accumu-
lation of hazardous substances in the organism. In this
case, the degree of environmental pollution is assessed
by the level of pollutant accumulation in the organism
[16].
WATER RESOURCES  Vol. 45  No. 3  2018
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The concentrations of microelements determined
in the epiphyton of the Ivankovo Reservoir are given in
Table 1. The series of macroelement concentrations in
the epiphyton of aquatic–marsh waters in 2010 is as
follows: Ca > K > P> Mg > Na > S, and that for
microelements is Fe > Al > Mn > Ba > Ti > Sr > Zn >
V > Li > Ce > Cr ≥ Cu > Ni > W > Pb > La > As >
Nd > Y > Co > Sc > Yb > Cd > Mo > Ag. For the epi-
phyton of submerged plants, the series of macroele-
ment concentrations in 2010 is as follows: Ca > Mg >
K > Na > P > S; and that of microelements is Fe > Al >
Mn > Sr > Ba > Ti > Zn > W > Li > Ce > Cu > As >
V > La > Pb > Ni > Y > Cr > Nd > Co > Sc > Ag >
Cd > Yb > Mo.

Compared with the epiphyton of submerged
plants, most elements (especially, lithophilous and
rare earth elements) show high concentrations in epi-
phyton of aquatic–marsh macrophyte species. This is
due to the large portion of terrigenous suspension in
the geochemical composition of epiphyton samples of
aquatic–marsh plant species. The belt of aquatic–
marsh plants lies immediately at the shore in the surf
zone, in the site of intense shore transformation,
which shows higher water turbidity. Macrophyte beds
actively capture surface runoff and the suspension it
carries and absorb organic and inorganic compounds.
In the coastal zone, lithodynamic abiotic factors, such
as precipitation of terrigenous suspension, have a con-
siderable effect on the geochemical composition of
epiphyte suspension. The sampling method used in
this study does not allow one to prevent the incorpora-
tion of particles of terrigenous suspension into epiphy-
ton samples; therefore, the contribution of the terrige-
nous component to the sample was assessed by the
concentration of lithophilic, main petrogenic, and
rare earth elements (Al, Fe, Na, K, Ti, Li, and Sc).
Epiphyton samples taken from aquatic–marsh macro-
phyte species, are, geochemically, samples of epiphyte
suspension, i.e., a mixture of solid particles of river
suspension with algaflora organisms attached.
E.P. Yanin [20] was the first to propose the use of epi-
phyte suspension to indicate technogenic pollution of
rivers under the conditions of considerable anthropo-
genic impact. The comparison of the obtained data on
heavy metal concentrations in epiphyton samples
taken from aquatic–marsh macrophyte species and
data in [20], obtained for rivers subject to technogenic
impact of a large industrial center, showed that the
epiphyton of the Ivankovo Reservoir contains lower
concentrations of Cd (on the average, by a factor of
20), Cu (by a factor of 15), and Co (by a factor of 5),
and the concentration of lithophilic elements lower
than those in epiphyte suspension.

Epiphyton samples taken from submerged macro-
phytes from different bays, remote from the sources of
anthropogenic impact (background areas) showed
similar macro- and microelement composition and a
low terrigenous component. The composition of epi-
phyton from submerged plants is close to the average
WATER RESOURCES  Vol. 45  No. 3  2018
composition of freshwater plankton, according to [9],
thus confirming both the species and geochemical
identity of epiphyton and plankton.

Studying the spatial distribution of microelements
in the epiphyton of the Ivankovo Reservoir revealed
the following regularities. The concentrations of
microelements in the epiphyton sampled in Bab-
ninskii, Peretrusovskii, Novosel’skii, and Omutninskii
bays, as well as in the Shoshinskii pool are very close
to one another and to the average values. Maximal
concentrations of microelements in epiphyton were
obtained for Moshkovicheskii bay, receiving wastewa-
ter from the Konakovskaya State District Power Plant
(SDPP) and municipal sewage from Konakovo C.
Here, epiphyton shows high concentrations of Ba, Cd,
Cu, Mg, Mn, Ni, Pb, S, Sr, and Zn, exceeding their
background values by factors of 3–8.

The comparison of data of 2005 and 2010 showed
that in 2005, epiphyton accumulated heavy metals
(Cd, Cu, Ni, Pb, and Zn) in concentrations 3–
160 times those in 2010. The concentrations of bio-
genic elements (P and S) were also higher in 2005.
Similar concentrations were obtained for Al, As, Ce,
K, La, Li, Mg, Na, Ti, and V. The concentrations of
Ca and Sr in 2010 were higher than those in 2005 by
factors of 14 and 2, respectively; this may be due to the
space and time variations of hydrochemical character-
istics and changes in the species composition of alga-
flora. The decrease in heavy metal concentrations in
epiphyton in the study period is, most likely, a result of
a decrease in the discharge volumes of pollutants into
the Ivankovo Reservoir. According to data in [3], the
volumes of wastewater discharges were 101.9 in 2007,
98.85 in 2008, 92.31 in 2009, and 92.3 million m3 in
2010. As shown in [19], heavy metal pollution tends to
decrease in all groups of aqual complexes in the Upper
Volga reservoirs over the recent 10 years (up to 2011),
a fact which is in a good correlation with a decrease in
the anthropogenic press of wastewater on water bod-
ies. In 2005, according to the author’s data, the con-
centrations of heavy metals in water in the examined
bays were far in excess of the concentrations obtained
in 2010 for the same bays (Table 1) and amounted to
0.3 for Cd, 1 for Co, 55 for Cr, 14 for Cu, 7 for Ni, and
108 μg/L for Zn. Interestingly, the average concentra-
tions of microelements in HAP in 2005 and 2010 were
the same. This is due to the fact that higher aquatic
plants are biological species more tolerant to pollution
and to the specific features of their nutrition. Macro-
phytes absorb microelements from both water and
polluted bottom sediments, while epiphyton accumu-
lates elements only from water.

The comparison of the obtained microelement
concentrations in macrophytes and epiphyton of sub-
merged plants showed that most elements accumulate
in epiphyton in amounts larger than in macrophytes
(Ag, Сa, Ba, Cd, Co, Ce, Cu, Fe, Mn, Pb, La, Li, Sr,
V, Zn, Y, and Yb). Equal concentrations were
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Fig. 2. Zinc distribution in epiphyton and macrophyte samples (for samples of 2005). Sampling sites: (1) Moshkovicheskii (reed
manna grass), (2) Moshkovicheskii (water chestnut), (3) Babninskii (common floating pondweed), (4) Babninskii (water-bean),
(5) Babninskii (bulrush), (6) Babninskii (common reed grass), (7) Omutninskii (dark green hornweed), (8) Omutninskii (narrow-
leaved cattail), (9) Peretrusovskii (reed manna grass) bays, (10) Shoshinskii pool (reed manna grass).
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recorded for Al, As, Co, Mg, Mo, Nd, Ni, and Sc.
Macrophytes contain the amounts of K, Na, P, S, and
Ti larger than those contained in epiphyton. The cal-
culated coefficients of biological absorption for mac-
rophytes confirm this regularity and show that, for
most elements, epiphyton is better group concentrator
than macrophytes. The spatial distribution of micro-
elements in epiphyte suspension follows their distribu-
tion in macrophytes and has a similar character
(Fig. 2). For example, both macrophytes and epiphy-
ton show maximal concentrations of most microele-
ments in Omutninskii Bay, where water and bottom
sediments almost always contain high microelement
concentrations. The Omutninskoe shallow area down-
stream of the island shows higher water turbidity and
specific stagnant hydrodynamic conditions; the soil is
represented by macrophyte silt, rich in organic matter.
In other examined bays, where macrophytes contain
microelements near their background concentrations,
the concentrations of elements in epiphyton are also at
a medium level. However, their spatial distributions
show some differences. This is because macrophytes
accumulate pollutants within a long vegetation period
and receive them from both water and bottom sedi-
ments, while the microelement composition of epi-
phyton forms under the effect of surface water alone.
Moreover, the biomass of epiphyte epibioses, unlike
macrophyte, reproduces several times over vegetation
period, i.e., it reflects habitat chemistry over the short
period of its life cycle. For example, HAP in the zone
near wastewater discharge from the Konakovskaya
HDPP and Konakovo C. municipal facilities in Mos-
hkovicheskii Bay contain medium concentrations of
microelements Zn, Pb, Cu, Ni, while epiphyton sam-
ples show high concentrations of these elements, sug-
gesting a volley type of water pollution in this site.
Therefore, the geochemical composition of epiphyton
is a good pollution indicator for water medium, where
it lives for a short period, and it can be used to identify
modern anthropogenic impact on an aquatic ecosys-
tem.

The main bioindicator characteristics of aquatic
ecosystem pollution in assessing environmental pollu-
tion by metals with the use of aquatic organisms are
commonly taken to be the coefficients of biological
absorption of metals in the organism, i.e., the ratio of
their concentrations in the aquatic organism to its
concentration in the medium, and the coefficients of
metal concentrations in aquatic organisms in polluted
areas relative to their concentrations in background
areas [10, 16].

To assess the biogeochemical concentration func-
tion of epiphyton and the extent of accumulation of
chemical elements in it, the biological absorption
WATER RESOURCES  Vol. 45  No. 3  2018
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coefficients (BAC) were calculated as the ratio of ele-
ment concentration in the dry mass of epiphyton to its
concentration in water [2, 12, 16]: BAC = Ci ep/ Сi water
(Сi ep is the concentration of the ith chemical element
in epiphyton, mg/kg dry mass; Сi water is its concentra-
tion in water, mg/L). BAC is known to characterize
the physiological demand of living organisms in
chemical elements and the ability of living organisms
to accumulate elements from the aquatic environ-
ment. The average values of the biological absorption
coefficients obtained for the epiphyton of background
bays of the Ivankovo Reservoir are given in Table 1.
The biological absorption coefficients, calculated for
epiphyton for most elements were far in excess of the
respective values for macrophytes.

By the values of BAC in epiphyton, the elements
are divided into two groups:

(1) BAC = n × 101–102: Sr, Ca As S, Ag, K, Mg,
Mo, Na, i.e., elements that weakly accumulate in epi-
phyton;

(2) BAC = n × 103–105: Ba, Cd, Co, Cr, Cu, Fe,
Li, Mn, Nd, Ni, P, Pb, V, Zn, W, Al, Ce, La, Sc, Ti,
Y, Yb, i.e., elements that accumulate in epiphyton
from natural water in considerable amounts.

At the sites of wastewater discharge in Moshkovi-
cheskii Bay, the values of BAC were several times
greater than the respective average values: by factors of
4 for Ba, 17 for Cd, 40 for Cu, 31 for Ni, 24–166 for Pb,
and 81 for Zn. In the Omutninskii Bay, the biological
absorption coefficients were also much higher than
their average values: by factors of 4 for Ba, 29 for Co,
56 for Cr, and 65 for Cu. The variations of BAC values
reflect the different degrees of anthropogenic load in
different parts of the reservoir and the distinct ability
of epiphyton to the bioaccumulation of large amounts
of microelements and its bioindicator significance.

In the interpretation of analytical data to reveal the
geochemical specifics of biological objects, the ele-
ment composition of the object under consideration is
often normalized by Sc as an element inert in hyper-
gene processes [2, 12, 14]. The concentration effec-
tiveness of chemical elements in a sample relative to
the clarkes of clay shales is estimated with the use of
enrichment factors (EF): EF =
(СXi/СXSc)sam/(СXi/СXSc)shale (СXi sam is the concentra-
tion of the chemical element in the study object,
СXSc sam is the concentration of scandium in the study
object, СXi shale is the concentration of chemical ele-
ment in clay shale [22], СXSc shale is the concentration
of scandium in shale.

By the values of EF, the elements are divided into
groups:

EF ≤ 2: Al, Ce, Co, Cr, Fe, Mo, Nd, S, Sc, Ti, V,
Yb, Ni, Y—weakly accumulate in epiphyton;

EF in the range 2–10: As, Cu, K, Pb, Zn Ce La Li
Na—accumulate well in epiphyton compared with
shales;
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EF > 10: Ag, Ba, Ca, Cd, Mn, P Mg, Sr—accumu-
late in epiphyton in considerable amounts relative to
the clarkes of clay shales. Therefore, the concentration
function of epiphyton facilitates the enrichment of
bottom sediments with biogenic macroelements, alka-
line and alkaline earth elements, and other biogenic
metals to a larger extent than the clarkes of clay
shales do.

CONCLUSIONS
The geochemistry of epiphyton of macrophytes in

the Ivankovo Reservoir was determined. The element
composition of the epiphyton of submerged macro-
phytes is close to the average composition of freshwa-
ter plankton, and it corresponds to nonpolluted
aquatic ecosystems. The majority of bays in the Ivan-
kovo Reservoir show background concentrations of
microelements in epiphyton. Exceptions are the bays
of Moshkovicheskii, with suffers the effect of wastewa-
ters, and Omutninskii, where higher microelement
concentrations in epiphyton are governed by natural
factors. Epiphyton samples are recommended to be
taken from emophyte macrophytes, because the
hydrodynamic conditions of the growth of macro-
phytes of this group prevent large amounts of terrige-
nous suspension from entering the sample. The mac-
rophytes of wetland ecological group retain pollutants
delivered by surface runoff and accumulate depositing
suspension from roiled bottom sediments; therefore,
the composition of epiphyte suspension from plants of
this group characterizes the transport of microele-
ments in the composition of solid river runoff.

Epiphyton meets all requirements to organisms
used for bioindication and has some advantages over
other organisms. Studying the microelement compo-
sition of epiphyton enables solving the problem of
promptly assessing the present-day state of aquatic
ecosystems, and characterizes the extent, composi-
tion, and the character of anthropogenic load onto
aquatic ecosystem. The level of aquatic environment
pollution can be assessed by the degree of pollutant
accumulation in epiphyton, and the obtained data can
be used for monitoring and retrospectively analyzing
changes in the ecological state of the Ivankovo Reser-
voir. The ubiquitous occurrence of epiphyton, its fixa-
tion in a certain habitat, the relatively simple proce-
dure of sample taking and preparation allow epiphyton
to be recommended as an object of biomonitoring and
bioindication of the anthropogenic effect on a water
body. Epiphyton is a more informative study object for
revealing volley pollution of aquatic environment than
higher aquatic plant.

The values of BAC were used to identify chemical
elements in the aquatic environment that accumulate
in epiphyton in considerable amounts. The concentra-
tion function of epiphyton leads to the enrichment of
bottom sediments with biogenic elements, in particu-
lar, alkaline and alkaline earth, as well as some micro-
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elements (Ag, Cd, Mn, Sr, As, Cu, Pb, Zn, Ce, and
La).
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