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Abstract

Purpose: to learn the interaction of natural and anthropogenic factors and their consequences in the system
“Natural environment (Irpin river) — human-transformed environment (Nyvka river)”. Methods. To assess
the structural and functional changes of hydroecosystems, transformed under technogenic impact,
hydrochemical, toxicological and biological techniques, as well as the methods of mathematical statistics for
experimental data processing and summarization of obtained results, were applied. ResUlts: it is proposed to
determine the dynamics of the biotic self-regulation mechanism change under impact of the modifying
(anthropogenic) factors, by the example of the two-component system — “Natural environment (Irpin River)
— environment, transformed under technogenic impact (Nyvka River, the right-hand tributary of the Irpin
River)”. It is proposed to extend additionally the opportunities of the ecological assessment due to
application of the integrating index — the index of ecological conformity. Discussion: obtained results
stipulate necessity of the further investigation of structural and functional patterns of the Irpin River
ecosystem in space and time. Assessment of anthropogenic factors impact on hydroecosystem condition will
make it possible to correct the nature guard activity concerning the improvement of the fishery object
ecological condition and recreation essence of the Irpin River. Integration of the Nyvka and Irpin Rivers into
a single system “Natural environment — environment, transformed under technogenic impact” will make it
possible to obtain the objective assessment of technogenic changes in hydroecosystems. Implementation of
the index of ecological conformity will make it possible to estimate completely the inner processes in the
rivers.

Keywords: ecological conformity indices; ecological indices; features of ecological indices;
hydroecosystem; mechanism of biotic self-regulation; structural and functional properties.

1. Introduction The role of small rivers is poorly estimated in
Ukraine, however they “take part” in economic and
social life of the state [2]. The small rivers formulate
significant part of the total river runoff. At the same
time, in recent years, technogenic impact on their
condition increased, because most of them are the
objects of the fishery or recreational purpose. And, that
is why, to keep sustainable ecological development of
these aquatic resources, regular environment assessment

Conservation of water resources as renewable
natural water is important for the optimal biosphere
condition, as well as for the creation of favorable
conditions of social and economic development of
regions. It means that natural waters constitute an
integral part of the natural environment,
participating in natural complexes formation, as an
element of productional forces of the system [1].
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of their condition should be carried out, to prevent the
qualitative waters depletion.

2. Analysis of literature and problem definition

The basic principle of keeping safe functioning of
hydroecosystems (HE) is the guarding of their biotic
self-regulation [3, 4]. Because stability of HE
development is connected with such factors of its
existence, as nun-uniformity of abiotic and
anthropogenic parts of the water ecosystems in time
and space [5], structural and functional changes of
the aquatic environment self-regulation mechanism
changes occur [6-10].

According to scientific and technical literature,
these changes are connected with the discordance of
HE development with the basic laws and principles
of the common ecology. It leads to disorders of
ecological capacity of the water ecosystems, and it is
a push to the shifting of the dynamic equilibrium of
their development [7].

The clarification of the changes of biotic self-
regulation of the water systems, transformed under
technogenic impact, was proposed to be carried out
basing on the system “Natural environment —
environment, transformed under technogenic
impact”.

The aim of the work: to leam the interaction of
natural and anthropogenic factors and their consequences
in the system “Natural environment (Irpin river) — human-
transformed environment (Nyvka river)”.

3. Materials and methods of research

To clarify the structural and functional changes and
to estimate the mechanism of biotic self-regulation,
the system “Natural environment — environment,
transformed under technogenic impact” was
analyzed.

The first component is the Irpin River system,
hydroecosystem of which is wunder regular
anthropogenic contamination from the Nyvka River
(right-hand tributary).

Second component of the system “Natural
environment — environment, transformed under
technogenic impact”, is the Nyvka River. It is
directly connected with the contamination source —
aviation facility, reverse waters discharge of which,
together with the surface runoff, transformed above
mentioned system into environment, transformed
under technogenic impact.

Both aquatic systems belong to the Dnieper
basin, and the permanent trophic connection makes
it possible to consider them as the conceptual
majority of interconnected constituents in the
system “Natural environment (Irpin river) —

human-transformed environment (Nyvka river)”.
Such approach makes it possible to determine the
limits of the human impact on Irpin HE.

Personally collected research data [11,12],
complemented by the 10-year monitoring data [13],
are processed in the work. Hydrochemical
calculations were carried out with the use of the
formulas [6].

To estimate the structural and functional changes
of systems, transformed under technogenic impact,
organoleptic, hydrochemical, toxicological and
biological techniques were applied. The methods of
mathematical statistics for experimental data
processing and summarization of obtained results,
were applied as well.

4. Research results

Nyvka river, as a source of thechnogenic
contamination, significantly changes the qualitative
indices of ecological situation of the the Irpin river,
due to excessing of the individual and summary
limit acceptable concentration (LAC) sanitary and
hygienic indices. Hydrochemical content of the
aviation facility reverse waters, discharged into the
Nyvka River, are represented in table 1.

Table 1
Hydrochemical content of the aviation facility reverse
waters
Degree
Index Concentration | of LAC
excess
. 78
Ph, units 76-7 0% Norm
3 45
ChOD, mg O, dm 13.6.40.4 3
3 354
BOD, mg 0O,dm m 7
Ammonia Nitrogen, 35.5 144
mg dm™ 27.5-40.5
Nitrite Nitrogen, 0.96 48
mg dm™ 0.9-1.0
Nitrate Nitrogen, 0.03 Norm
mg dm™ 0.02-0.04
2+ 3 0.03
Cu™, mg dm 0.02-0.04 30
6+ 3 0.024
Cr', mg dm 0.01-0.14 24
2+ 3 __0.04
Zn”, mg dm 0.03-0.05 4
. -3 65
Oil products, mg dm 30-100 1300
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—0.004

3
Phenol, mg dm 0.002-0.006

4

*Note: in numerator: average value of the concentration /
in denominator: (minimal concentration)-(maximal
concentration)

Due to analysis of the table, it is made conclusion
that intensive contamination of the Nyvka River occurs.
It contributes to the formation of the human-transformed
environment and, that is why, its water ecosystems may
be classified as contamination origin of the Irpin River.
The reason is the formation of secondary contamination
zones because of ecological toxicity agents — heavy
metal ions (HMI) — table 2.

Table 2

Distribution of HMI in hydroecosystems
of the Nivka river

Surface water | Bottom water Bottom

layer layer sediments
HMI m Degree m Degree m Degree
& lofLAC| M8 | ofLAC | ™8 |of LAC

dm dm dm

excess excess excess

Zn*" | 0.02 2 0.01 | mopma | 0.86 | 86
cr® 031 31 0.48 48 0.86 86
Cu® 002 20 |0.03 30 0.3 | 300

The analysis of data in table 2 shows that
suspended solid matter in water contribute to HMI
sedimentation in certain places, by formation of the
secondary contamination zones in the reservoir.
Moreover, according to scientific and technical
literature [15], it should be considered that HMI, due
to their physical and chemical properties and
biochemical influence on biota, may change their
form of residence in hydroecosystems, however, it
firstly occurs due to transition from one reservoir to
another one [15].

At the same time, in most cases, structural and
functional changes in hydroecosystem, may be
estimated with the help of ecological indices and
their features.

The complex ecological assessment of the water
contamination, expressed as the index of
contaminated waters (ICW), is considered as the
normative index. This fact was taken into account
when generalized ecological assessment of condition
of the Nyvka River, which is of 7,8 category and of
1V class of water contamination (dirty).

In that follows, the dynamics of the changes
(averaged indices) of the Irpin River ecological

condition, influenced by technogenically
transformed waters of the Nyvka River, was
investigated primarily. To do it, ICW, as a unique
state normative criterion for water quality class
determination, was used. According to the given
standard, water quality class is determined by the
following environmental components: salt content
indices, indices of trophic and saprobiological
content, indices of specific toxic ingredients. To
calculate the ICW, hydrochemical water content data
of three section lines of Mostyshcshe village,
Hostomil urban settlement, Kozarovychi village of
2009-2014 period, were used [11]. Fig. 1 shows the
values of ICW for three section lines. (Fig. 1).
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Fig.1. Dynamics of the water contamination indices
change a) observation period 2005-2009 years; b)
observation period 2010-2014 years
I, — village Mostyshcshe section line data
I, — urban settlement Hostomil section line data
15 — village Kozarovychi section line data
I. — generalized water contamination index for three
section lines

Hence it follows that:

- first, due to up-to-date approaches concerning
determination of the indices of HMI content for
ecological norming in the water of reservoirs [6],
total ecological index dynamics was possible to be
investigated;

- second, authors [6] use up-to-date technique of the
atomic-absorption spectroscopy. Errors in this case do
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not excess 46-60% for Cr*",Cu®*, Zn**. It meets norming
requirements of the water quality control;

- third, qualitative condition of the Irpin river
waters for 2010-2014 year, is characterized as dirty.

To extend the opportunities (boundary level of
ecological impacts) of this normative index, we
made additional proposal. We proposed to determine
the index of ecological conformity of structural and
functional opportunities of HE simultaneously.

This index (le.c) is the averaged integral criterion
characterizing intensity of internal processes in the river.
To derive the calculation formula of the proposed index,
following parameters are used: qualitative content of
HE, level of biotic HE structure simplification, level of
the water body self-purification:

"’-‘-=i"i’=i’3 (1)

where @1 is the dependence of HEs functioning on
their qualitative content, taking into account
generalization of the ecological index;

@2 is the dependence of HE functioning on level
of their biological structure simplification;

@3 is the dependence of HE functioning on level
of the water body self-purification ability.

The calculation results of the proposed ecological
conformity index, are represented in the table 3.

Table 3
Generalized characteristics of the water systems of the
Irpin river according to various criteria

River waters quality
Irpin river
Investig | contaminati Changes of the
: Water .
ation | on level by . mechanism of HE
term Water quality| Te. c. biotic self-regulation
. .| class
Contaminati
on Index
. Self-regulation
2010 | 3.51 (dirty) | IV | 5.13 disturbance
. Self-regulation
2011 | 3.95 (dirty) | IV 5.9 disturbance
Achieving the limit of
2012 | 2.6 (dirty) v 8.1 | compensation abilities
of HE
Achieving the limit of
2013 | 2.83 (dirty) | IV 7.1 | compensation abilities
of HE
. Self-regulation
2014 | 3.55(dirty) | IV 5.4 disturbance

Generalized ecological assessment of condition
of the Irpin river is of IV class of water
contamination (dirty), le.c. — 5,13-8,1, and the
mechanism of HE biotic self-regulation is

disturbance or achieving the limit of compensation
abilities.
4. Results Discussions

At such level of technogenic factors impact, partial
exhaustion of natural resources occurs, due to
changes of the structural and functional features of
the water ecosystems. Simultaneously, the period of
the Irpin river hydroecosystems development (2012-
2013), was observed. These ones are characterized
by ecological situation improvement, the index of
ecological conformity increased significantly. That
is why, obtained results stipulate necessity of the
further investigation of the Irpin River water quality
in time and space, up to river mouth (Kyiv
reservoir).

At the same time, on the base of the Ie.c.
investigation database, it may be forecasted that the
functioning of the integral system, with the
consideration of Le Chatelier-Broun principle,
results in dynamic HE equilibrium shifting to the
least technogenic impacts. As a result, the
mechanism of adaptive reactions of biota develops,
as well as homeostasis sustainability.

Thus, obtained results stipulate necessity of the
further investigation of structural and functional
features of the Irpin River HE development in time
and space, up to river mouth (Kyiv reservoir).
Assessment of anthropogenic factors impact on HE
condition will make it possible to modify the
environment  guarding  activity = concerning
improvement of ecological condition of the Irpin
River, which is of high fishery and recreational
value.

5. Conclusions

1. Methodological approaches of the Irpin River
ecological condition assessment in context of the
guarding of its sustainable development, are
discussed.

2. It is proposed to consider and implement the
ecological assessment of the Irpin river HE, as
integration of two  components:  “Natural
environment  (Irpin  river) —  environment,
transformed under technogenic impact” (Nyvka
river)” into a single system.

3. It is estimated that existing interrelations and
interactions in HE of such throphic level, provide the
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functional coincidence of the Irpin river
development (qualitative condition) with the basic
laws and principles of the common ecology.

4. It is found that the normative indices (water
contamination index), as well as the indices of
response on modifying anthropogenic factors, are
lower for the Irpin River in comparison with the
Nyvka river. The water system of the Irpin River is
classified as one of the IV water quality class (dirty).

5. Ecological indices and their parameters
(indices of impact and conformity) determine the
intensity of biotic waters self-regulation intensity
(index of biotic HE simplification, coefficient of
waters self-purification).

6. Obtained results stipulate the necessity of the
further investigation of the Irpin River water quality
in time and space up to the river mouth. It is aimed
for estimation of the biotic self-regulation
mechanism changes (fundamentals of the water
bodies functioning).
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ExoJioriyna oninka aHTPONOreHHO-3MiHeHHX cucTeM p. Ipnine
Harmionansuuii aBianiiiamii yHiBepcutet, p. Kocmonasta Komapoga, 1, Kuis, 03680, Ykpaina
E-mails : 'madzhd@i.ua; “yanakulynych45@gmail.com; *a_yavnyuk@ukr.net

Mera: BuBUYEHHS B3a€MOJii NPUPOJHHUX Ta AHTPOIOTEHHHMX (AaKTOpIB Ta iXHIX HACIHIAKIB y CUCTEMI «IpPUPOJHE
cepenosuie (p. Ipminp) — aHTponoreHHo-3MiHeHe cepeposuiie (p.Huska)». MeToau: Ui BU3HAUYEHHS CTPYKTYPHO-
(YHKI[IOHATIBHUX 3MIH TEXHOTEHHO 3a0py/JHEHUX TiAPOEKOCUCTEM OYJIM 3aCTOCOBaHI IiAPOXiIMiUHI, TOKCUKOJIOTIYHI Ta
OioyloriuHi MeToxM, a TaKoX METOIU MaTeMaTW4HOi CTaTHCTHKU JUIl OOpOOKHM Ta Yy3arajlbHEHHS OTPUMAaHHX
eKCIIEpUMEHTAIbHAX JlaHuX. Pe3yIbTaTH: 3ampoNOHOBAHO BH3HAYaTH  JAWHAMIKY 3MIH MeXaHi3My OlOTHYHOT
caMOperyJISLii MiJ] BIUINBOM MOANQIKYIOUHX (aHTPOIOreHHHX) (aKToOpiB, HA MPUKIAl CHCTEMH 13 JBOX CKIIQJOBHX —
«mpuponHe cepenosuile (p.IpmiHe) — aHTpomoreHHO 3MiHeHe cepemoBumie (p.HuBka, mpaBa mpuToka p.IpmiHB)».
3anponoHOBaHO JAOAATKOBO PO3IIMPHUTH MOMIIMBOCTI €KOJIOTIYHOI OIIIHKH 32 PaXyHOK BIPOBADKCHHS iHTETPAaIBLHOTO
MMOKa3HUKa — 1HJEKca eKOJIOTiuHOl BiAmoBinHOCTI. OOroBOpEeHHs: OTpUMaHi pe3yIbTaTH 00YMOBIIOIOTh HEOOXIIHICTh
MMOJANIBIIOTO TOCII/DKEHHA CTPYKTYPHO-(DYHKIIIOHATBHUX OCOOJMBOCTEH PO3BHUTKY TiApOEKOCHCTeMH p.IpmiHp Yy
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npocropi i waci. OmiHKa BIUIMBY aHTPONOT€HHHMX (AKTOPIB Ha CTaH TiAPOEKOCHUCTEMH JO3BOJIUTH CKOPETYBaTH
MIPUPOIOOXOPOHHY  JiSUTBHICTH CTOCOBHO IIOKPAIllEHHS EKOJOTIYHOro CcTaHy o00'ekTa prOOrocnoiapchkoro i
pekpearniitHoro nmpusHadeHHs p.Ipmiae. O6’ennanns p. HuBka ta p. IpmiHp B €IMHY CHCTEMY «IIPHPOTHE CEPEIOBHIIE-
AHTPOIIOTEHHO 3MiHEHE CEepPEOBHIIEC» IO3BOJHTH OTPUMATH OO’€KTHBHY OIIHKY aHTPOIIOTEHHHX 3MiH B
rizpoexocucTeMax. BBemeHHs iHIEKCY €KOJOTIYHOi BiJNOBITHOCTI TO3BOJHTH B TOBHIH Mipi OXapaKTepu3yBaTh
IHTCeHCUBHICTh BHYTPIIIHFOBOAONMEHHUX MIPOIIECIB Y piUKax.

KuarouoBi cjioBa: rizpoekocucTema; iHAWKATOP EKOJOTIYHO! BIAMOBITHOCTI; MeXaHI3M OIOTHYHOI CaMOperyJisllii;
CTPYKTYPHO-(YHKI[IOHAJIbHI 3MiHH.

C.M. Manml, AR Kmel-qu, A.A. SIBHi0K’

IKO0J10TrHYeCKas OLIEHKA AHTPONOreHHO-H3MEHEHHBIX CHCTEM P. HPNEeHb

HanuonaneHsiil aBuannoHHelil yHuBepeutert, np. Kocmonasta Komaposa, 1, 03680, Kues, Ykpanuna
E-mails : 'madzhd@i.ua; “yanakulynych45@gmail.com; *a_yavnyuk@ukr.net

eab: M3ydeHHe B3aMMOACHCTBHUS NPHPOAHBIX M AHTPOIOTEHHBIX (DaKTOPOB, a TAKXKE WX IMOCIEACTBHH B CHCTEME
«mpuponHas cpena (p.Jlpmenp) — aHTpomoreHHO-m3MeHeHHas cpena (p.HuBka)». Metoabl: Ui ompeneneHus
CTPYKTYPHO-(DYHKIIHOHAJBHBIX ~ M3MEHEHHMI TEXHOTCHHO-3arps3HEHHBIX THAPOIKOCHCTEM OBUIM  IPUMEHEHBI
THIPOXMMHUYECKHE, TOKCHUKOJIOTHUYECKHE 1 OMOIOTHYECKNE METOABI, 8 TAKXKE METOIbl MATEMAaTHUECKOM CTATUCTUKH VIS
00paboTKH M O0000UICHHA MOMYYCHHBIX O3KCIIEPUMEHTAJIBHBIX IAHHBIX. Pe3yabTaThl: TPEIIOKEHO OIpPEIesaTh
JVUHAMMKY U3MEHEHUH MeXaHW3Ma OMOTHYECKOH caMOpeTyJISIIUY MO BIUSHUEM MOIU(PUIMPYIOMHUX (AHTPOIIOTCHHBIX )
(axkTopoB, Ha MpUMEpPEe CHCTEMbI M3 JBYX COCTAaBISIIOIIMX —  «mpupojaHas cpena (p.JprneHb) — aHTponoreHHo
u3MeHenasio cpena (p.HuBka, npasblit npurok p.Mprens)». [IpeniokeHO AOMOIHUTENBHO PACHIMPUTh BO3MOYXKHOCTH
9KOJIOTMYECKON OIIEHKH 3a CYET BHEJIPEHHs WHTErpajbHOrO IOKa3aTessi — WHIEKCAa 3KOJIOTHYECKOTO COOTBETCTBHS.
OOcy:kaeHne: IOTy4YeHHbIE PEe3yJbTaThl 00YCIOBIMBAIOT HEOOXOIMMOCTh NajbHEHIIEro MCCIeN0BaHHUs CTPYKTYPHO-
(YHKIIMOHAIBHBIX 0COOEHHOCTEH Pa3BUTHS THAPOIKOCUCTEMBI p.MprieHs B ipocTpaHcTBe U BpeMeHH. OneHKa BIUSHUSL
AHTPOTIOTEHHBIX (AaKTOPOB HA COCTOSHWE THAPOIKOCHCTEMBI IIO3BOJIUT CKOPPEKTHPOBATh IPHUPOIOOXPAHHYIO
JEATeNIHOCTh MO YIYYLIEHHIO S3KOJOTHYECKOTO COCTOSHHS OOBEKTa pPHIOOXO3IHCTBEHHOTO M PEKPEAllHOHHOTO
HasHavyeHus p.lpnens. O0beaunenne p.Huska u p.MprneHs B eanHylo cucTeMy «IIpHpOAHAs cpela - aHTPOIOTEHHO
W3MEHEHHAsl CPefia» IO03BOJHT IOIy4aTh OOBEKTHBHYIO OIICHKY AHTPONOTCHHBIE M3MEHEHMS B THIPOEKOCHCTEMAX.
BBezneHne WHAEKCa 3KOIOTMYECKOTO COOTBETCTBHS IO3BOJIMT B MOJHOW MEpE OXapaKTepHU30BaTh HHTCHCUBHOCTb
BHYTPHUBOJOEMHBIX MPOLIECCOB B PEKax.

KiouyeBble ci10Ba: THAPOIKOCUCTEMBI; WHIMKATOPBI HKOJOTMYECKOrO COOTBETCTBHUS; MEXAHHU3M OHOTHYECKOW
CaMOperyJISILuK; CTPYKTYPHO-(DyHKIIMOHAJIbHBIE CBOICTBA.
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