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ECOTOXICOLOGICAL ASSESSMENT OF POLLUTANTS
MIGRATION IN ECOSYSTEM
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One of the key ecotoxicological indexes at the pollutants’ danger assessment is the migration in the ecosystem. As a rule, plant
up-taking is characterized as the main migration channels in the “soil-plant” system. Investigation of contaminants up-take by plant
in polluted soil is important because it gives the possibility to compare toxicants dangerous as well as to predict their translocation
and harmful influence on plant. T, index (half-life period) also highlights the pollutants behavior in soil because it characterizes their
persistent in environment. Pollutants migration rate depends on their properties, doze and environment peculiarities. Key words: pol-
lutants, migration, contamination, ecotoxicalogical assessment.

Exorokcukonoriuia ouinka wmirpauii moqiworantiB B exocucremi. Puxenxo H.O., Hoxuinenxko A.C., Kozak JL.B.,
Hecrtepos J1.10., ®poaoa T.M. EKOTOKCHKOJIOTIYHA OLiHKA HEOE3IIEYHOCTI MOMIOTAHTIB BKIIOYA€ OAMH i3 KIFOYOBUX iHAEKCIB —
MOKa3HKK Mirpauii B ekocucteMi. OJJHUM 3 OCHOBHHX MirpamiiHuX KaHalliB y CHCTeMi «IPYHT — pOCIHHa» € OGioakymymsiis ¢ito-
KOMITOHEHTOM. 3/1aTHICTh POCIIMH 0 MOTIMHAHHS € BKpail Ba)KITMBUM (HaKTOPOM Y BUBUYEHHI TOKCHYHOCTI ITOJIFOTAHTIB, OCKIJIBKHU 1Iei
MOKa3HMK Jla€ 3MOTy He JIMIIE MOPIBHATH iX HeOe3leKy, a if MpOrHO3yBaT! TPAHCIIOKAIIO Ta PEeakIlifo POCINHHOTO OpraHi3My Ha ix
niro. [Toxasuuk T, (mepiox HamiBBUBEAEHHS) TAKOXK PO3KPHUBAE TTOBEAIHKY IOTIOTAHTIB y TPYHTI, OCKIIBKU XapaKTepU3Ye iX CTIHKICTh
y IOBKiUT. [HTCHCHBHICTH Mirpaii MOMIOTaHTIB B €KOCHCTEMI 3aJISKHUTh BiJl iX BIACTHBOCTEH, 103M Ta OCOOIMBOCTEH CepeIoBHIIA.
Kniouosi crnosa: MOMOTaHTH, MITpallisi, 3a0pyIHCHHS, EKOTOKCHKOJIOTIYHA OIiHKA.

JKOTOKCHKOJIOTHYECKAasl OLlEHKA MUTPALMM NMOJJIIOTAHTOB B 3Kocucteme. Poikenko H.O., Ilo:xkunienko A.C., Kozak JI.B.,
Hecrtepos [1.1O., ®posoBa T.M. DKOTOKCHKOIOTHYECKAs OIIEHKA OMACHOCTH IMOJUTIOTAHTOB BKJIIOYAET OIUH W3 KITFOYEBBIX HHACK-
COB — TOKa3aTeNlb MUTPALUK B 3kocucTeMe. OHUM U3 OCHOBHBIX MUTPALIMOHHBIX KaHAJOB B CHCTEME «TIOYBA — PACTEHHE) SIBISIETCS
Oonoakkymyssinust putoxommnoneHToM. CocOOHOCTh PAaCTEHUH K MOMIOLICHHIO SBISETCS BAXKHBIM (DaKTOPOM TIPH N3YYEHHU TOKCHY-
HOCTH IOJUIFOTAHTOB, IOCKOJIBKY 3TOT [IOKa3aTel b II03BOJISET HE TOJIBKO CPABHUBATH UX OMACHOCTb, HO U IPOTHO3UPOBAThH TPAHCIIOKA-
LU0 ¥ PEAKITHIO PACTUTEIBHOTO OpraHm3Ma Ha ux aeticteue. [lokasarens T, (mepro MomyBEIBEICHNS ) TAK)KE PACKPHIBACT IIOBEACHNE
TMOJITIOTAHTOB B TIOYBE, MOCKOJIBKY XapaKTEpPH3yeT UX NMEPCHCTETHOCTh B OKpY»Karolel cpene. IHTEeHCHBHOCTh MUTPAIMU MONTIOTaH-
TOB 3aBUCHUT OT UX CBOWCTB, 03Bl © 0COOCHHOCTEH cpenbl. Kuouesbie c06a. TOIIOTAHTBI, MUTPALMs, 3arpsI3HEHHE, SKOTOKCHKOJIO-

TH4YE€CKasl OUCHKa.

Formulation of the problem. For 2 million years,
humanity was in the homeostasis with the biosphere.
Homeostasis was supported by the animist outlook [1].
This strategy of life ended when humankind learned to
exploit natural resources. The result of thishuman occu-
pation strategy for Nature is the boundary of the total
ecological catastropheafter which biosphere can be
transforms into a technosphere in one jump [2; 3].Today,
the loss of productive land compared with the average
annual rate of 10 thousand years of civilization has
increased by 30 times. Dehumidification of soils has
increased by 24 times, while the average yield increase
over the past 50 years was only 30%. There is the risk
of disappearance for more than 26 000 species of plants
and animals in the World, and for near 1 000 species in
Ukraine [1; 3; 4]. The increasing of general biosphere
ecological crises caused, of course, by an anthropogenic
factor [5]. The main role in the balanced development
in biosphere plays, as is known, the regularity of the
individuals’ number in the trophic chain [3; 6]. This is
a self-regulating system of “producers — consuments —

reductants”, and the number of individuals varies annu-
ally within a certain average [5]. Thus, a balanced cir-
culation of matter and, consequently, a component and
territorial ecological balance are provided [2; 5]. Plants
are the source of the formation of phytomass and play
a leading role in the presence of the complete condi-
tions for healthy human functioning. Plants are not
only oxygen source in biosphere, but also are producent
in the trophic chains (in which human is a final link).
Moreover, plants play an important role in the soil-form-
ing process and in the soil buffer capacity. Additionally,
plants are filtered biosphere as a buffer, which accumu-
lates most of pollutants. Plants play a main role in ensur-
ing a balanced circulation of matter and, creating the
thin membrane of life. The general trend and function
of this membrane of life is biodiversity development,
balancing of substances and energy in the environment
in accordance with its energy-accumulating, geochemi-
cal, stabilizing and informational planetary roles. Plants,
accumulating the energy of the Sun and producing bio-
mass, ensures the functioning of the biosphere and its
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permanent composition as well as the territorial and
component dynamic equilibrium in ecosystem [3; 5; 7].

From the main function of ecosystems (the ability
to accumulate energy in organic matter, in other words,
productivity), from its size and dynamics completely
depends the life of all existing on Earth (Fig. 1).

In the context of any type of contamination by pollut-
ants, the study of their migration is particularly impor-
tant, since bioaccumulation of toxicants causes quanti-
tative (decrease in productivity) and qualitative changes
(increase in the content of pollutants in the plant and
reduction of the required substances for the plant itself
and consumpts). In this connection, the phytotoxico-

logical scientific direction, which studies toxic effects
on plants caused by any origin pollutants, in particular,
for the population level, is extremely relevant. To the
indicator processes of the global ecological crisis, sci-
entists include geochemical pollution of air, water and
soil, geochemical poisoning of biota as a result of metal-
lization, chemotoxication, radiootoxication, as well as
activation of processes of technogenesis and violation of
biogeochemical cycles in the biosphere [1].

Topicality. Ecotoxicological assessment of the pol-
lutants danger includes one of the key indices — the
intensity of migration in the ecosystem. It is known,
that migration occurs in different vectors with different

Figure. 1. Scheme of structural and functional organization of ecosystems (by Elenberg) [7]
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characteristics in environments. Today migration of sub-
stances is increasingly becoming anthropogenic rice. In
this connection, the list of elements in the geochemical
anomalies, which are formed as a result of the violation
in the biogeochemical cycles, at a certain stage of soci-
ety development, is comparatively constant.

According to the opinion of many scientists, the typ-
ical composition of the geochemical man-made anom-
alies today is Pb, Cu, Zn, Mo, Ba, Co, Mn, Fe, Ni, As,
as their accumulation in the environment continues at
high rates [8; 9]. In the initial period of the formation
of the industrial development of society, large man-
made anomalies were formed by a significant number
(more than 10) number of chemical elements. The ele-
ments with the highest contrast (with higher relative
content) are called priority pollutants. At the next stage
of development of scientific and technological progress,
the association of the composition of the geochemical
anomaly will expand considerably. According to of
the ecological postulate (formulated by Alekseyenko),
associations of chemical elements, forming large man-
made geochemical anomalies, are determined mainly
by the level of development of science and technology
during the period of pollution [5]. Gradually, the list of
man-made sources of toxic metals in the ecosystem is
expanding (Fig. 2).

Figure 2. The main sources of man-made toxic metals in ecosystems

(by Honcharuk et al., 2017) [10]

Today, special attention to migration assessment
is also given to such pollutants as persistent organic
pollutants (POPs) which, according to the Stockholm
Convention, are substances that have toxic properties,
exhibit resistance to decomposition, are characterized
by bioaccumulation and are the object of trans bound-
ary transport by air, water and migratory species, and
also sediment at a great distance from the source of
their release, accumulate in the ecosystems of land and
aquatic ecosystems [11]. Typically, POPs are of anthro-
pogenic origin, and their list of Annexes A and B of
the Stockholm Convention includes pesticides: Aldrin,
Chlorodan, Diederine, Endrin, Heptachlor, Mirex,
Toxaphene, Dichlorodiphenyl trichloromethylmethane
(DDT), which are now or are not used, or are restricted to
application in agriculture, but often make up the hazard-
ous waste [11]. However, the prediction of the behavior
in the environment of any toxicants requires a thorough
study and the establishment of the limits and specifics
of their migration. Toxicants’ migration prediction will
allow controlling the quality of the environment more
efficiently.

Presenting main material. Most of the toxicants are
concentrated in the upper layers of the soil at the pol-
lution. A small part of the toxicants reaches the lower
ground horizons (Fig. 3). Therefore, the half-life (7,) of

toxicants in the 0—40 cm layer of soil is usu-
ally determined. This indicator of persis-
tent toxicity plays a very important role in
assessing its hazard, since bioaccumulation
of substances occurs mostly in the roots of
the soil layer. Half-life period is calculated
according to the following equation:
0,693
Ty ===, M
where k is the constant of toxicants’ dis-
sipation which calculated with the help of
exponential equation [12].

In the ecosystems pesticides are
destructed by different factors: biotic (liv-
ing organisms) and abiotic (temperature,
pH of medium, sun isolation). Speed of the
pesticide destruction depends on physical
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Figure 3. The term of appearance of the toxic metals moving forms in the 80—-100 cm layer
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Table 1
Half-life period and dissipation constants of some substances in 0-20 cm soil layer, P, . [12; 13]
Substances K T,

Dursban (chlorpyryphose) 0,07 9,9 day"!
Stomp (Pentoxalin) 0,23 3,0 day!
Ozadiksil (Sandophan) 0,34 2,0 day!
Bentazon (Bazagran) 0,12 5,8 day!

Pb 0,6381 0,96 year!

Cd 0,6987 0,87 year!

Zn 0,9116 0,65 year!

Cu 1,2158 0,53 year

and chemical properties of substances (for example,
polarity) and, of course, on environmental conditions.
Polar pesticides are destructed in soil more intensive
than non-polar pesticides in 2-3 times. This regularity
was highlighted in previous papers. The destruction of
pesticides substance is described by dissipation constant
(k) (table 1).

Plant up-taking and vertical migration in soil pro-
file belongs to principal migration paths (makes up
more than 10% of the contributed amounts) in the case
of toxic metals ecosystem pollution. Horizontal migra-
tion in soil, ruderal species up-taking, and deposition to
immobile form in soil belongs to minor migration paths.
Evaporation belongs to inessential migration paths and

Figure 4. The plant up-taking ability of spring barley
(in an experiment with the metals adding in black soil)
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Above-ground part of phytomass
Bio horizon of top plant storey
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v Subsystem «Soil»

_____ The boundaries of ecotone with adjacent ecosystems

---------------- The boundaries of system “soil-plant”

——  Borders of the subsystem “Plant”
=) Pollution
———

Vector of significant accumulation of pollutants in the “soil-plant” system
----- - Vector of significant physical emigration of pollutants from subsystems
— - —>  Vector of insignificant physical emigration of pollutants with subsystems
—>  Vector of significant migration and accumulation of pollutants in subsystems

Figure 5. Pollutants’ migration in ecosystem
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makes up less than 0.001% of the initial quantity. Most
of the metals as well as POPs usually are located in the
top layers of soil during the first three years after pollut-
ant adding in soil [12].

The significance of the bioaccumulation intensity
in ecosystems cannot be overestimated, since precisely
the toxicants plants up-taking is often a major migration
channel. Thus, the coefficients of bio-accumulation of
metals can range from 0,2 to 14 depending on the metal
and the species (or culture) of plants [14; 15]. In exper-
iments with the metals artificial adding, depending on
the metal, the bioaccumulation ability of some crops is
up to 30% of the initial amount of metal added into the
soil (Fig. 4). The bioaccumulation ability of the plant is
influenced by a number of factors, including plant phys-
iology, type and level of contamination, geochemical
capacity of the soil, etc. In addition, the ability of plants
bioaccumulation is one of the most important indices
in the study of the toxicity of the pollutants, because it
not only allows to compare the toxicity of the pollut-
ants, but also to provide a prediction of translocation,
bioaccumulation of the pollutants and the reaction of the
plant organism to their effect. The rate of plant up-take
of the metals and organic substances depends on the
physical and chemical properties of the toxicant, soil
properties (organic matter content, and other agro-phys-
ical properties) and the crops bioaccumulation capac-
ity. Bioaccumulation capacity and the pollutants toxic
effects are characterized by the plant up-take index [14].

According to the frequency, contamination can be
systemic (with different frequency and duration), or
impacted (one-time alarms with different quantita-
tive effect). The main biogeochemical principles such
as Main Biogeochemical Principle (formulated by
Goldschmitt), and the Principle of Biogenic Migration

of Atoms (formulated by Vernadsky) gave the possibility
to distinguish a few essential paths of toxicants migra-
tion. There are physical migration and plant up-taking
(Fig. 5). Physical migration of pollutants depends on the
structural and physical properties of the “soil-plant” sys-
tem, which characterizes the ability of the ecosystems
to be resistant (during possibly maximum period with-
out pollutants adding into biogeochemical processes).
The mechanism of activation of the bioaccumulative
capacity of the ecosystem depends on the phytocompo-
nent, because the phytocomponent, as a rule, plays a key
role in the whole bioproductivity in the ecosystem and
has environment generating function [5]. In this regard,
the degree of biogeochemical active accumulation of
contaminants determines the stability and balanced
development of the ecosystem, and also characterizes
the level of toxicity of toxicants to the ecosystem.

Conclusions. Migration of pollutants in the ecosys-
tem is an obligatory indicator that allows assessing the
toxicity of substances. The half-life of pollutants (T,,)
as important index of pollutant toxicity characterizes
the persistent as well as predicts contamination levels
in the components of the ecosystem. The rate of reduc-
tion of toxicants contamination depends on the physical
and chemical properties of the substances and the char-
acteristics of the soil (pH, granulometric composition,
organic matter, plants canopy, etc.).

The main significant way of migration of pollutants
in the ecosystem is bioaccumulation, which is influenced
by a number of factors, such as physiological features
of plants, type and level of contamination, geochemical
capacity of the soil, etc. Bioaccumulation is an impor-
tant index in the study of toxicity of pollutants, since this
indicator not only allows for comparison of toxicity, but
also predicts their hazard for biota.
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