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EUTROPHICATION AND POLLUTION DEVELOPMENT IN THE
DANUBE RIVER AND COASTAL MARINE ZONE SYSTEM

Since the 1970s, the process of anthropogenic water euthrophication and the near
bottom hypoxia linked with it, have caused widespread benthos fauna mortality. In ad-
dition to this negative phenomenon a lot of contaminations and pollutants are washed
out from the fields and the coastal urban agglomerations by the river flow. In the pro-
cess of sedimentation, the suspended matter is accumulated in the bottom sediments.
It reinforces negative changes in benthic habitat conditions. One of the main modern
problem is eutrophication and pollution (waste) in rivers, lakes and coastal marine
systems. It illustrates the development of eutrophication and waste in a large, deep
lake, together with the impacts on the lake and marine ecosystems. The Object of
investigation is the Danube mouth area. The Subject of investigation is euthrophica-
tion processes and pollution input development in aquatic system. The Danube river
extends almost all over Central Europe, which means that any waste from factories
located directly near the Danube will inevitably get there. Therefore, the phenomenon
of "water bloom" and periodic environmental disasters on the Danube are natural
consequences of human activities. The level of pollution of the bottom sediments in
the Northwest shelf of the Black Sea is examined. Modern data are compared with
those of the late 20th century and their variability over 20 years. Substantial increase
(by two orders) of copper, lead and nickel concentration has been marked. The diverse
of contamination sources in larger catchment areas usually produce a mixture of pol-
lutants, which is more difficult to treat than an industrial waste. For most sediments,
there are more arguments in favor of disposal rather than treatment. Mechanical sep-
aration of the less contaminated fractions could be a useful step prior to the final stor-
age of the residues. To improve the status of surface water bodies in the management
area, it is necessary to take into account and reduce all existing factors and risks of
deterioration of water quality. Environmental issues and the science behind them are
of great public concern. Water management issues are also of critical importance.
Human impacts within the river — delta —sea system are environmental contamination
with nutrients, heavy metals, organic compounds, etc., degrading water and sediment
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quality and leading to toxic impacts in biota, airborne pollution. Human impacts from
outside of the wetland are lack of catchment scale management of land use upstream,
leading to soil erosion and sedimentation.

Keywords: The Danube river, the Black sea coastal zone, euthrophication, pollution.

INTRODUCTION

The explosive growth of the human population during the past 50 years, added
with the ever -increasing water demand per capita has resulted in a dramatic in-
crease of human pressures on natural water supplies. These fast growing pressures
led to general mismanagement of water resources, affecting all links of the water ab-
straction-distribution-use-collection-treatment-discharge management chain (even
though in most cases worldwide this theoretical chain is never complete). Therefore,
nowadays, water has become a very scarce natural resource as a result of human
activities. Moreover, once impacted by human activities, the ability of water resourc-
es to recovery from pollution varies from days to years in rivers and lakes, and to
centuries in groundwater. Water is a scarce natural resource, the quality of which
must be protected, defended and managed. Water when impacted by human activi-
ties must be treated to ensure and protect the most sensitive uses of the water. Water
is a renewable resource with a limited capacity to recover from the adverse impacts
of human activities. Large scale water related science has a direct impact on the lives
and livelihoods of people. They must be made aware of the ongoing results of such
studies and ideally be directly involved as active participants.

In today's world, generation, storage, treatment, transport, recovery, transbound-
ary movement, and disposal of wastes pose formidable problems for society and rep-
resent a serious threat for human health and the environment. Great concern exists
for the future if this issue is not properly addressed [1].

Since the 1970s, the process of anthropogenic water euthrophication and the near
bottom hypoxia linked with it, have caused widespread benthos fauna mortality. A
lot of scientific publications were dedicated to the process of the anthropogenic eu-
throphication of the Black Sea shelf and its consequences [2—4].

In addition to this negative phenomenon a lot of contaminations and pollutants
are washed out from the fields and the coastal urban agglomerations by the river
flow. In the process of sedimentation the suspended matter is accumulated in the
bottom sediments. It reinforces negative changes in benthic habitat conditions.

The main causes and effects of river — delta — sea system’s degradation must be
describe and analyze. Also must be describe the major aspects of climate change
and their potential impacts on river — delta — sea system. And at least to describe and
select appropriate methods for restoration or conservation. Set management (resto-
ration/conservation) objectives, design the related monitoring programme and select
appropriate measures in relation to various risk scenarios.

One of the main modern problem is eutrophication and pollution (waste) in riv-
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ers, lakes and coastal marine systems. It illustrates the development of eutrophica-
tion and waste in a large, deep lake, together with the impacts on the lake and marine
ecosystems. The purpose of the work is to assess current changes in the Danube
mouth system under the influence of anthropogenic and natural factors.

The object is the Danube river mouth area. The subject of investigation is eutro-
phication processes and pollution input development in aquatic system.

DATA & METHODS

In the Danube River Basin Management Plan which is the document developed
and approved by 15 countries in the Danube Region in 2009 was marked that 6224
settlements are located in the river basin of which 2900 settlements have no sewage
system and thousands of settlements have wastewater treatment plants that need re-
construction [5].

Samples were collected at various sites in the Kilia arm in summer time of the
different years during 20 years long (from 1998 up to present) the (Fig. 1) and ana-
lyzed for selected trace elements (As, Cd, Cr, Cu, Hg, Ni, Pb, Zn). All expeditions
were done under the author management.

In marine part of investigations the average value of the studied parameters were
processed by linear interpolation and given to the centers of squares, ranked by hy-
drological features.

According to estimates of the International Commission for the Protection of the
Danube, the total amount of pollutants entering to the Danube from settlements is
1.5 million tons per year.

. i - " - -

Fig. 1. Overview of the Ukrainian part of the Danube Delta (Kilia arm and secondary Staro-
Stambulsky delta) and location of the sampling sites

13



ISSN 2303-9914. Bicuuk OHY. Cep.: I'eorpadiuni ta reosioriuni Hayku. 2020. T. 25, Burn. 1(36)

From industrial sources of pollution entering to the river consists of 134 thousand
tons including organic substances, mainly with wastewater from the chemical, paper
and food industries. These materials were used in the paper. The statistical and illus-
trated analyses were done.

RESULTS

Sources of nutrients. Many sources contribute to sediment contamination in a
river catchment area: wet and dry fallout from air emissions, agricultural runoft from
farms, solid and dissolved inputs from mines, discharges from landfills, industrial
plants and sewage treatment plants and direct dumps into rivers, lakes and coastal
seas. At present, it is hard to define the natural and anthropogenic sources of nutri-
ents, because even natural sources of nutrients (river runoff, atmospheric deposition,
bottom sediments) are influenced by anthropogenic activities. These sources can,
however, be divided into point and non-point sources. Point sources (municipal and
industrial wastewater discharges) are discharges of contaminants that come from a
stationary or fixed facility, for example, from a pipe, ditch or drain. Point sources
are regulated by laws that place limits on the types and amounts of contaminants
released to water. Non-point source discharges are river runoff, atmospheric deposi-
tion, storm water runoff, groundwater and bottom sediments.

The Danube with its average runoff of 204 km? per year is the main source of
nutrients into the Black Sea. During the last 50 years nutrients in river runoff have
changed significantly. Nutrient values in the Danube delta runoff for the period
1948-2000 can be defined in the following periods:

Period I (1948-1960) — before regulated stream and eutrophication processes, Pe-
riod II (1977-1985) — start of eutrophication processes, and Period III (1986-2000)
— development of eutrophication processes. The Danube is the second major Euro-
pean river with a huge estuary located in two countries: Ukraine and Romania. The
Danube watershed embraces 15 European highly industrialized countries that form
a high level of anthropogenic press. During the last thirty years they influence the
river, estuary and Black Sea. At present the Danube runoff is total regulated by dams.
This factor changed the hydrological regime. Another factor that changed the hydro-
chemical regime is overcoming of nutrient first of all nitrogen and phosphorus. This
reflected the environment of the river, estuary and Northwestern shelf of the Black
Sea. Eutrophication, “water blooming” and near bottom hypoxia as a result of this
process is development in the Northwestern part of the Black Sea. In estuary water
quality and bottom sediments deteriorated, the fish catch and biodiversity decreased.
At present new source of eutrophication is bottom sediment in the shore zone of the
sea.

Anthropogenic component in the nutrient s river runoff. Compounds of N and P
are recognized as a main stimulator of the eutrophication process. It is a well known
fact that their content in the basin increases as the cause of entering of the industrial,
communal and agricultural discharge, since nitrogen and phosphorus are present in
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composition of all types of discharges. It is impossible to divide these compounds
into natural (entering water as the result of mechanical or chemical erosion, etc.) and
anthropogenic by the existing analytical methods. Anthropogenic genesis nitrogen
and phosphorus are involved into the natural cycles and later; it is impossible to de-
fine the origin of nitrogen and phosphorus [6].Transformation of the riverine water
starts in delta because the current velocity falls down in the branches. As a result of
adsorption particles together with sorbed dissolved matter fall down fast. This matter
can be in the compounds of as phosphorus (up to 50% from the total) and silicon (up
to 30 %) as well [7]. So, in the delta fresh water becomes cleaner and the delivering
process from some chemical compounds takes place.

The dynamics of pollutants and eutrophication levels in the Danube River and
local reservoirs. The Danube river extends almost all over Central Europe, which
means that any waste from factories located directly near the Danube will inevitably
get there. Therefore, the phenomenon of "water bloom" and periodic environmental
disasters on the Danube are natural consequences of human activities.

As a basis have taken water bodies of lakes: Yalpug, Kugurlui, Kagul, Katlabukh,
Kitai and of course the Danube River, which connects all these lakes with each other.
The main problem of these water bodies is increased nutrient’s concentrations (ni-
trogen and phosphorus compounds). These issues are critical for the Danube River
itself and for all water bodies in the basin as well.

The total annual load near the Reni (Ukraine) was 453 thousand tones of total
nitrogen, 14.3 thousand tones of total phosphorus. It is necessary to take into account
that excessive the river water eutrophication begins under a content of nitrogen with
the concentration of 0.2—03 mg/dm?, phosphorus — 0.01-0.02 mg/dm?. The aver-
age content of nitrogen in the Danube water in the Ukrainian part is 1.55 mg/dm?,
phosphorus — 0.08 mg/dm?® was established (Fig. 2-5). The major cause of surface
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Fig. 2. Ammonia nitrogen, (mg/dm3), the Danube, Reni
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water contamination by nitrogen and phosphorus compounds is the insufficient level
of wastewater treatment coming from municipal, industrial and agricultural point
sources and surface runoff as well as organic pollution.

In conditions of non-flowing shallow Danube lakes and water warming the high
concentrations of nutrient are the cause of intensive development of algae and higher
forms of plant life (self-pollution of waters by organic substances) and provide the
disturbance of the organisms existing in water, deterioration of water bodies, their
siltation and natural aging. According to the level of pollution of water bodies: Kat-
labukh, Yalpug, Kugurlui and Kagul lakes are "moderately polluted", and Kitai lake
belongs to the category "dirty". The main problem of these water bodies is excessive
contamination with organic substances (exceeding water quality standards from 6 to
9 times), high level of water mineralization (exceeding the allowable value up to 6
times).
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The main form of nitrogen in the Danube mouth coastal zone in a period eutro-
phication development is organic nitrogen. The mineral forms are 70 — 90 % from
total except of flooding period — it is about 50 %. On the surface variability of con-
centration is very wide 0,020 — 15.946 mg L-'. Maximum was extremely high for the
marine water. It was marked in a period of water blooming especially on the surface
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Fig. 5. Total phosphates, (mg/dm3), the Danube, Reni

Large scale measures to reduce phosphorus inputs from both point sources
(wastewater) and diffuse sources (agriculture) have been effective, with the mean
concentration in the lake being reduced.

In the upper and middle course of river systems, sediments are predominantly
affected by contamination sources like wastewater, mine water from flooded mines
and atmospheric deposition. Measures applied to the source of contamination are
particularly important and may include improvement of traditional wastewater puri-
fication, but also approaches to the in-situ treatment of highly contaminated effluents
such as introducing active barriers (fly ash, red mud, tree bark, etc.) to prevent heavy
metal dispersion during flooding.

During floods, sediment-bound pollutants can undergo large-scale dispersion in
floodplains, dike foreshores and polder areas. The complex mixtures of toxic com-
pounds and the scale of the pollution often preclude technical measures like chemi-
cal extraction or solidification of contaminated soil and sediment material. Instead,
alternative measures have to be taken that consider different local factors such as
soil, sediment and water quality, flow velocity, and the dynamics of the water level.
The measures implemented should be flexible and easy to adjust to changing condi-
tions. Any problem solution strategy for such sites, therefore, has to consider both
the chemical stabilization, e.g. by processes of (enhanced) natural attenuation, and
an increase of mechanical stability (reduced erodibility).
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The river influences to the shallow water area. In some years the influence of
the Danube can occupy 70 per cent of the Northwestern shelf of the Black Sea; in
other years it is only 20-30 per cent. The total area of the Black Sea influenced by
the Danube, according to the area of freshwater phytoplankton species recorded,
is not less than 105 km?. Variability in the hydrochemistry depends mainly on river
runoff, precipitation, seasonal temperature distribution, hydrobiological activity, es-
pecially phytoplankton, and anthropogenic factors such as pollution from industry
and agriculture. Natural cycling of river runoff and regulated flow in the rivers is
also very important. Intensive economic development and exhaustive environmental
management has led to considerable ecological pressure on the Black Sea ecosys-
tem. Development of the eutrophication process in the Black Sea occurred as a result
of increasing amounts of nutrients in the river runoff associated with nutrient-en-
riched water coming from fertilized fields. When eutrophication due to river runoff
was most intensive (1986-2000). The Northwestern shelf of the Black Sea is now
showing a strong imbalance in the carbon cycle. Recent eutrophication is character-
ized by decreasing nutrients but increasing organic compounds in river runoff and in
marine water, because of regulation of all the rivers entering the Northwestern shelf
of the Black Sea and reduced use of mineral fertilizers in agriculture. In the summer,
mineralization of organic compounds is rapid producing nutrients that provoke phy-
toplankton development, i.e. eutrophication.

Pollution in the river branches and shallow water system.

Trace elements and, where available, oil levels are roughly comparable among
sediments from the three main branches of the Danube. As to chemical contamina-
tion, arsenic and mercury seem to be particularly problematic elements and deserve
special attention in future investigations along with oil pollution and other ecotoxi-
cologically important (but still overlooked) elements such as Ag, Sb and Se. At the
opposite, Cr and Ni appear to have a natural origin in the delta and contribute little
to the toxic potential of sediments in the Danube delta. Trace element concentration
in Ukrainian branches (expressed as mean + 1 standard deviation for all sampling
points and sampling periods are 0.382 + 0.203 for Cd, 34 &+ 16 for Cu, 26 £ 8.3 for
Pb and 105 + 37 for Zn (all figures in mg kg') [8].

In the shallow water of the Danube estuary the comparison of Ukrainian’s and Ro-
manian’s average pollutants concentration in the bottom sediments has been made.

The level of pollution of the bottom sediments in the Northwest shelf of the Black
Sea is examined. Modern data are compared with those of the late 20th century and
their variability over 30 years. Substantial increase (by two orders) of copper, lead
and nickel concentration has been marked.

It is possible to mark, that in the Danube estuary the temporal dynamics of oil
concentration in the bottom sediments reflects the technogenic press during the long
period (30 years).

Mercury concentration both in Ukrainian and Romanian parts of the Danube re-
gion exceeds the natural geochemical condition for the open sea in 2 and 7 times, re-
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spectively. The concentrations of arsenic, phenols, chromium and cobalt are roughly
the same in the Romanian and the Ukrainian parts of the Danube. The results of the
research can be indicators of anthropogenic impact [9].

CONCLUSIONS

The diverse of contamination sources in larger catchment areas usually produce
a mixture of pollutants, which is more difficult to treat than an industrial waste. For
most sediments, there are more arguments in favor of disposal rather than treatment.
Mechanical separation of the less contaminated fractions could be a useful step prior
to the final storage of the residues. To improve the status of surface water bodies
in the management area, it is necessary to take into account and reduce all existing
factors and risks of deterioration of water quality. During the last 20 years period
substantial increase (by two orders) of copper, lead and nickel concentration has
been marked.

As to chemical contamination, arsenic and mercury seem to be particularly prob-
lematic elements. At the opposite, Cr and Ni appear to have a natural origin in the
delta and contribute little to the toxic potential of sediments in the Danube delta.

Environmental issues and the science behind them are of great public concern.
Water management issues are also of critical importance.

Human impacts within the river — delta —sea system are environmental contam-
ination with nutrients, heavy metals, organic compounds, etc., degrading water and
sediment quality and leading to toxic impacts in biota, airborne pollution.

Human impacts from outside of the wetland are lack of catchment scale manage-
ment of land use upstream, leading to soil erosion and sedimentation.
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PO3BUTOK EBTPO®IKALII I HAKOIIMYEHHS 3ABPY/IHEHD
Y PIULI AYHAM I IPUBEPEKHIN MOPCBHKIN 30HI

Pesiome

[ounHaroun 3 1970-X poKiB ITpollec aHTPOIOTeHHOI eBTpodiKaIlii BOIH Ta MOB'sI3a-
Ha 3 HEIO TiIOKCis Ha JIHI, CHPUYUHIIN HIUPOKY CMEPTHICTh OEHTOCHUX OpraHi3MiB.
OKpiM IIbOT0 HEraTHBHOTO SIBHIIA, BEJIMKAa KUIBKICTh 3a0py/HEHb Ta 3a0pyJHIOBadiB
BUMMBAETHCS 3 TOJIB Ta MPUOEPEKHUX MICHKHX arioMepariidi piukOBUM IOTOKOM.
VY mporueci ocapKeHHs 3BaykKeHa peYOBMHA HAaKOIMYYETHCS B JOHHHX Binkiaanax. Lle
MIJICUIIFOE HETaTUBHI 3MIHH YMOB JJOHHOTO cepenoBuiia. OIHIE0 3 TOJIOBHUX Cydac-
HUX Tpo0IIeM € eBTpodikallist Ta 3a0pyaHEeHHs (BIIXO0/H) y piuKax, 03epax Ta mpuoe-
PEXHHX MOPCBHKHX crucTeMax. Lle UmocTpye po3BUTOK eBTpodiKallii Ta HAKOITHMYEHHS
BIZIXO/IIB y BEJIMKHMX IIMOOKUX O3€pax pa3oM 3 BILIMBOM Ha 03€pHI Ta MOPCHKI €KO-
cucrteMd. MeToro poOOTH € OIIHKa CYy4acHHX 3MIiH SIKOCTI YMOB THPJIOBOI 00JacTi
JlyHaro mij BITMBOM aHTPONOT€HHUX 1 MPUPOIHKX (pakTopiB. O0'€KTOM JIOCIIHKEHHS
€ rupsoBa o6aacTh piuku Jynail. [IpenmeToM MOCTiIKEHHS € MPOIECH eBTPOdiKarlil
Ta 301IBIIEHHS BiXO/IB, 1[0 MOTPAILISIOTh Y BOAHY cucteMy. Piuka JlyHait npocts-
raeTbest Maibke 1o Bcidd LleHTpanbHiit €Bpori, a e 03Havae, 1o Oyab-sKi BiIXOIH 3
3aBO/IiB, PO3TALIOBAHUX Oe3rocepeanbo O [lyHaro, HEeMUHYUE MOTPAILISATH TY/IH.
Tomy siBHIIe «BOJHOTO IBITIHHS» Ta IEPIOJMYHI eKosoriuHi katactpodu Ha JlyHai
€ TIPUPOJHUMH HACIIIKAaMHM JIIOJICHKOT JIsIIBHOCTI. B cTarTi nocmipkeHo piBeHb 3a-
OpyIHEHHsI JOHHUX BIJIKJIaIIB y MiBHIYHO-3aXiqHOMY HIenbgdi YopHoro mopst. Cyuac-
Hi JJaHI MOPIBHIOIOTHCS 3 NaHUMHM KiHIISI 20 CTOMITTS Ta X MIHJIMBICTIO IPOTSroM 20
pokiB. [TomiueHo 3HauHe 301bIICHHS (HA ABa MOPSKH) KOHIIEHTpalii Mijii, CBUHIIIO
Ta Hikeo. Pi3HOMaHITHI pkepera 3a0pyIHeHHS Y OUTBIINX paiioHax BOI0300py 3a-
3BHYAil yTBOPIOIOTH CYMIIII 3a0PYIHIOIOUNX PEUOBHH, O0POOIISITH SIKY CKIIAIHIIIE, HIXK
MPOMUCIIOBI Bifxomu. [UJist MOMIIIIIEHHsT CTaHy TTOBEPXHEBHUX BOJ Y 30HI YIIPaBIiHHS
HeoOXiZHO BpaxoByBaTH Ta 3MEHILYBaTH BC1 iCHYIOU1 ()aKTOPH Ta PU3UKH MOTipILEH-
HSl SIKOCTI BOJIHL.

Knrouosi cnosa: piuka JlyHaii, mpubepesxkna 30Ha HopHOro Mopsi, eBTpodikariis, 3a-
OpyIHEHHSI.
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JI. 1. Yepoii, acnupaHT

Opecckuii rocy1apcTBEHHBIN KOJIOTUUECKUIA YHUBEPCUTET,
Kadenpa OKeaHOIOTHH M MOPCKOTO IIPHPOAOTIOIB30BAHUS,
yi. JIeBoBchKas 15, Onecca, 65016 Ykpanna

nberlinsky@ukr.net

PA3BUTHUE SBPO®UKAILINU 1 HAKOIIJIEHUE 3ATPSI3HEHUI
B PEKE JJYHAHN U IPUBPEKHOM MOPCKOW 30HE

Pesrome

Haumnnas ¢ 1970-x Tog0B mporiecc aHTPOIIOTeHHOH ABTPOPHUKALINHT U CBA3aHHOU ¢ HEel
MIPUIOHHON THUIOKCHEH, BBI3BAJIHM BBICOKYIO CMEPTHOCTH OCHTOCHBIX OPTraHW3MOB.
Kpome 3Tor0 HerarnBHOTrO SIBICHUS, OOIBIIOE KOJINYECTBO 3arpsI3HSIONINX BEIIECTB
CMBIBAJIOCH C TIOJNEH W MPUOPESKHBIX TOPOJACKUX arjoMepaIiiii PeYHbIM CTOKOM. B
MIPOLIECCE OCAXKICHUS B3BEIICHHOE BEIIECTBO HAKAIUIMBACTCS B JOHHBIX OTJIOKEHH-
X, 9TO yCUJINBAET HETATHBHBIC YCIOBHSI OOMTaHMS Ha JOHHBIX OnoTomax. OmHOIl 13
TJIABHBIX COBPEMEHHBIX MPOOJIEM SBISICTCS SBTPOPHUKANNS U 3arps3HEHNE (OTXOMIbI)
B peKax, 03epax M MPUOPEKHBIX MOPCKHUX cUcTeMax. Lepio ccienoBanust SIBIseTCs
OIIEHKa COBPEMEHHBIX M3MECHEHU KadyecTBa YCIOBUH YCTheBOH obmactu JlyHas moxn
BJIMSTHAEM aHTPOTIOTEHHBIX M IPUPOTHBIX (pakTopoB. Pexa JlyHall mpocTupaeTcs mod-
T 1o Beeit LlenTpansHoit EBpore, cienoBaTensHO, TI00BIE OTXOIBI C TIPEANIPUATHH,
PAacIONOKEHHBIX HEMOCPEACTBEHHO y JlyHas, Hem30exxHo momaayT Tyna. Ilostomy
SIBJICHUE «I[BETEHHS BOABI» W IIEPHOAMICCKHE SKOJIOTHUECKHE KaracTpodsl Ha JyHae
SIBJISTIOTCSI €CTECTBEHHBIMH ITOCTIEJICTBUSIMI YEJIOBEUECKOI NeATenbHOCTH. B cTarhe
HCCIIEZIOBaH yPOBEHb 3arps3HEHNS JOHHBIX OTIOKEHUH B CEBEpO-3ama HOM Hiebde
UYeproro Mmopst. CoBpeMeHHbIE JaHHBIE CPAaBHUBAIOTCA C TAaHHBIMH KOHIIA 20 BeKa U X
M3MEHYNBOCTHIO B TedeHne 20 sier. OTMedeHO 3HaUNTENbHOE YBEIHMUCHNE (Ha 1B 110-
psizika) KOHIIEHTPAIlMK MEAN, CBUHIIA ¥ HUKETS. Pa3nndHble HCTOUHUKH 3aTrpsI3HEHHS
B OoNpIImX paifoHax BomocOopa 0OBIYHO 00pa3yIOT CMECh 3arPs3HSIONINX BEIIECTB,
00pabaThIBaTh KOTOPYIO CIOKHEE, YEM ITPOMBIIIICHHBIE OTXOABL. JIJ1si OOIBIIHMHCTBA
JIOHHBIX OCAJKOB MpEANOYTHTENbHEEe MX YTHIM3aLMs, a HE BOCCTAHOBJIECHHE MeEp-
BUYHBIX CBOMCTB. MeXaHWYEeCKOe OTACICHNE MEHEee 3arPsA3HEHHBIX (PPaKIIi MOXKET
OBITH MOJIE3HBIM ATANIOM K OKOHYATEJIbHOMY XPaHEHHUIO. JJIsl yiTydIIeHust COCTOSTHUS
TIOBEPXHOCTHBIX BOJI B 30HE MEHEPKMEHTa HEOOXOIMMO YIUTHIBaTh M YMEHBIIIATh BCE
CYIIECTBYIONIHE (PaKTOPBI U PUCKH YXYALIEHHUS KAa4eCTBA BOJBI.

Kntroueewte cnoea: pexa Jlynaii, npubpexsas 30Ha UepHOTO MOpSI, IBTpOQPHUKALIHS,
3arpsi3HEHUE.
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