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Versatile economic activity (deforestation, plowing slopes, etc.) has changed the
water regime of the rivers of the Eastern Carpathians. Powerful floods occur more
frequently now, and their destructive power has become greater. Significantly
deteriorated consumer of surface water quality of Carpathians Northeastern
macroslopes by hydrochemical indices. To preserve the renewable resources of
natural waters of the Eastern Carpathians, you must stop clear-cutting of forests, to
minimize the area of arable land, stop the discharge of untreated sewage into rivers,
expand econetwork within the nature reserve fund.

Introduction. Volumes of receipt and con-
sumption of natural water show a decreasing
trend in Ukraine since 1990, except for the last
few years [8]. However, the importance of renew-
able natural resources is increasing, as quality of
surface waters continues to deteriorate. At the
same time 64 new state enterprises were put on a
list to use water resources in Lviv region during
the four quarters of 2013. 29 of new enterprises
users are based in the basin of the Dniester river,
24 —in the basin of the Western Bug, 6 — in the

basin of the San, 5 - in the basin of the Dnieper.
Ukrainian Carpathian mountains have a dense
network of rivers (aver. 0,7 km+km2, and in some
areas — 1,2 km+km? or more). The rivers of
Northeast slope belong to the basin of the Visla,
Dniester and the Danube (the major tributaries
of the first order Seret and Prut). The majority of
them belong to the Black Sea basin. Only in the
North-Western part of the mountains a small
amount of water flow of the river belongs to the
San - tributary of the Visla river (table 1).

Table 1. Basin and main rivers of Ukrainian Carpathians

Where tributary Hydrographic length Basin area
Basin Name of river | flows and it is right within the Eastern  |within the Eastern
or left Carpathian, km Carpathian, km?

Visla San Visla (right) 52 2,4
Dniester Dniester Black Sea 245 11,6
Danube Tisa with the Danube (left) 250 12,8

Black Tisa

Seret from Danube (left) 123 2,1

Borsukiv

Prut Danube (left) 274 8,1

* Scientific advisor — P.S. Gnativ.
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Carpathian main watershed is dividing
rivers of Northeast and Western macroslopes
Eastern Carpathians. It is connected to the
main European watershed near Uzocky pass.
Water resources of the Northeast slope of
the Northeast Carpathians account for 10%
of the total in Ukraine. This landscape has a
dense river network. Density ratio water-
courses are even greater, ranging from 0,94
km-km? (Prut river basin) to 2,5 km<km2
(White Cheremosh basin) [4-6, 10].

The purpose of the article - to analyze
the causes of quality deterioration and sus-
tainability of water resources of the Northeast
slope of the Eastern Carpathians in order to
find measures to reduce their negative
impact.

Material and methods. 40 observation
stations are operating on the rivers of the
Northeast slope [7]. The upper basins
Tismenitsya, Sivka, Dniester, Oper, Slavka,
Worona, Chechva, Seret, Prut, Limnytsya and
White Cheremosh were an experimental
watershed. We investigated the value of the
soil and surface waterways content by dissec-
tion of the annual runoff hydrograph. We
investigated the impact of the balance meth-
od for river flow, such as comparing the trans-
formed economic activity with the natural
flow [1]. We used the landscape and hydro-
logical principle when assessing whether the
transition from a point on the watershed in
comparison to the whole of its area [3, 4, 6,
11]. We made a comparative analysis of the
flow conditions of the Northeast slope of the
Eastern Carpathians based study reporting
material for State Hydrometeorology
Committee [8].

Research results. Rivers of Western and
Northeastern Carpathians makroslope have
certain peculiarities. However, their also
inherent common features. The origins of
all Carpathian rivers are located high in the
mountains. They start mostly from springs or
swampy areas of mountain slopes. Major leak
merges with the growing number of streams
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and along the flow turns into a flowing river.

The largest share of water resources is
concentrated in the upper part of the river
basins. There are more than 900 thousand
m? of water per square kilometer in an aver-
age year water content area. Water resources
are 2,94 km3-km? in the upper basin of the
Dniester (leaked to the observation post
Zhuravno, catchment area 9910 km?2). 2,63
km3-km2 of water, or 90% of runoff flowing
from the mountain catchments of the basin
(area 4794 km?). The volume of river water
inthebasin of the Prut (leakage to Chernivtsi)
is 85,4%.

Rivers are typical mountain slope. They
have a shallow channel. Rate of flow of the
rivers is 1-2 m-s! and during floods increases
to 5,9 mesl.

Well-defined flood regime of rapid fluc-
tuations in the volume of runoff is a special
feature of the Carpathian rivers. Small rivers
turn into turbulent flow during flood in a
short time. They destroy banks, roads, sur-
rounding buildings.

Another important feature of weather
conditions of the rivers of Ukrainian
Carpathians — unstable and short freezing.
He often interrupted by large thaws. There
are 25-35 peaks raising the water level in the
rivers of the Carpathians in an average year.
They account for most of the spring and
summer. Flooding occurs in the Carpathian
rivers in spring (late February — early March
in the mountains is late by about 15 days),
when the snow melts.

The rivers of the Carpathians are full of
water during floods. We observe the maxi-
mum levels in the mid and late March. Water
raging in the rocky beds of muddy and tur-
bulent flow, wash low-lying coasts. Spring
tide supplemented rain floods frequently.
High water levels in rivers remain in place
until the end of April or early May. The gen-
eral elevation of the water level reaches 3,4
m or more in that time. Flooding may take a
catastrophic power combined with floods
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[9]. This is particularly evident where the
water at the outlet of the mountains spreads
in the lowlands.

Water levels rise even more in the
Carpathian rivers during the summer floods,
during some last years, prolonged and
intense rains. Water levels in rivers often rise
again sharply in May as a result of torrential
rains. 15-20 or more peaks of rain floods
happen during the summer. The highest
summer elevation of water levels reach 4,5
meters or more. They are usually in June and
August. Floods last an average of 5-15 days
to 1 month.

Shallow river late summer, coming
during the summer-autumn low water. Then
even the largest of them do not flood the
shimmering stones that have accumulated in
the beds. Limitations generally last from
September to November, but it is often dis-
rupted less intense autumn rain floods.

We note the catastrophic flooding in the
northeast Ukrainian Carpathians macro-
slope in the warm season (June-August)
1911, 1927, 1941, 1947, 1948, 1955, 1959,
1964, 1969, 1970, 1974, 1977, 1980, 1982,
1989, 1992, 1993, 1997, 1998, 2001 and 2008
[10]. Floods in the Carpathians are a regular
feature of the hydrologic regime, flood large
areas, causing nature, economy and popula-
tion huge losses. They were repeated every
10-15 years earlier. Now floods are repeated
three or four years.

Watercourse cut in banks, eroding rocks
reveal aquifers, so never dry up. Most of the
river flow — 64,5%, is established in the warm
season. It is 19,2% in the cold season, and
16,3% — during snowmelt. Water flow mainly
formed by internal soil runoff in all seasons.
This portion of river flow varies from 44,5%
during snowmelt to 61,2% during summer.
Share of 38,5% of the flow is formed in the
cold season due to underground (basic)
income, and only 6% - from surface runoff.
However, 41,9% of the water flowing from
the surface during snowmelt, and only

13,7% is underground revenues. These fig-
ures are 18,8 and 20% during the summer.
Daily water levels in rivers are random and
unpredictable alternation of floods. The
general elevation of water levels in rivers is
very fast. The average intensity of raising the
water level by intense floods reaches 1,5-3,5
m-dayl.

Mostly stream draining the water formed
during rainfall in the basins of the rivers on
the northeast slope of the mountain areas.
Carpathian rivers carry a great job with dev-
astating torrential rains and sustained. Then
the formed surface runoff, which river water
removal of products of soil erosion in the
form of suspended particles. The average
annual runoff of suspended particles is
1-2,5 t-ha’l, in the mountains of 2,5-5 t-ha’l
and more at the foot of the mountains. For
example, the Prut river makes a total of
1 million tons of soil and river Dniester — up
to 2 million tons per year [2].

Evapotranspiration was greater in contin-
uous primary forest cover of Carpathians
than today. Its evaporation component was
almost the same in different basins, such as
the mountain area of the Lviv region. The
situation changed in accordance with the
transformation degree of the modern land-
scape. The amount of evaporation has
increased 2,2 times from surface soil and
water in a sector of large transformation.
Maximum capacity retain water of indige-
nous forest cover was higher by 30% com-
pared to today. There was a redistribution of
power streamflow volumes for his constitu-
ents, depending on the degree of landscape
transformation. Forest cover, which occupies
more than half (63-90%) in the catchments
areas of medium and low transformation con-
tributes significantly transferable runoff in
the mid ground. With the current situation in
the Carpathian overall water balance of basin
ecosystems of mountain areas has changed
significantly due to the increased proportion
of river flow and decrease in evapotranspira-

Tom 6, Ne5-6, 2014

BIOPECYPCU | NIPUPOJOKOPUCTYBAHHSA

ISSN 2078-9912 | 129



JICIBHALUTBO

tion. The loss of water transformation poten-
tial of basin ecosystems ranging from 16% to
43%, depending on the proportion of forests
in the landscape of the mountain area of the
Lviv region.

According to our calculations, the water
makes 677,2 tons of soil from the main basin
of the northeast slope of the year eastern
Carpathians annually. Watercourses washed
with 84,4% of the volume of soil in the warm-
er months. Watercourses render of 0,04 tons
(cold season) to 0,54 tons of soil from 1 hect-
are (warm period) as a result of mechanical
work of these catchments (table 2).

Minimum flushing plane predominates in
the plains of the rivers of the Northeast slope.
Total soil washed away by rain water depends
on economic use. Indicators of flushing con-
firm that the maximum amount of fine soil
particles are washed away on arable slopes.
The intensity of erosion is greater in 40-110
times in such sites, compared with slopes cov-
ered field crops, and 450 times higher com-
pared to slopes covered with grass [3].

Insoluble impurities (suspended parti-
cles) that come as a result of soil erosion in the
channel, leading to an increase in turbidity
streams. This causes the active heating water
and reduce the amount of oxygen in it. The
average amount of oxygen is about 11 mg-L:!
in the rivers of the Eastern Carpathians.
However, the average amount of oxygen is
5,8-8,0 mg-L:! in the rivers Dniester and
Tysmenytsia. River carries the largest amount
of substances in the dissolved state.
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The water of the rivers of the northeastern
slope of the Eastern Carpathians are a group
of fresh and soft sub hydrochemical classifica-
tion. It is a medium-mineralized (except he
Tysmenytsia). The water of the rivers is
hydro-dominated by calcium ions and the
relations between them. It has a slightly alka-
line (pH 7,3-8,1), caused by the predomi-
nance of bicarbonates of calcium and magne-
sium. For this indicator, the water is not differ-
ent from most of the rivers of Europe.

Northeast slope water is classified as con-
taminated or dirty for chemical parameters
in most rivers of the northeast slope of the
Eastern Carpathians. Analysis of surveillance
data shows that the level of good quality
water is lost [1]. The natural background
level or amount of dissolved mineral com-
pounds is 190 mg-L! of nitrate nitrogen -
0,2-0,4 mg-L1, 0,1-0,2 mg-L'! ammonia ,
phosphorus - 0,013-0,031 mg-L-1. The cur-
rent concentration of chemicals in drains
exceeds the background during the year. In
particular, excess nitrate nitrogen is 2-3,
ammonia - 4-6, phosphorus - 3-5. Total
mineralization in these conditions in 1,5-2.,5
times higher than natural in the recent past
(table 3). Northeast slope water has a low
mineral content (up to 150 mg-L-1) in the
basins of major natural forestation and soil
washing mode. The number of mineral
nutrient elements is low. One liter of water
contains 1800 mg-L-! of dissolved mineral
substances in deforestation plain landscape
(eg, river Tysmenytsia).

Table 2. Total washout and removal of suspended particles from the watershed year of
major northeastern slope of the Eastern Carpathians (catchment area 10 661 km?)

. River flow Total washout Removal OT suspended
Year period particles
M°x10° % T | % T>ra’ | %
Cool 929 19,2 43300 6,4 0,04 6,4
Melting snow 789 16,3 62200 9,2 0,06 9,2
Warm 3122 64,5 571700 84,4 0,54 84,4
Drain year 4840 100 677200 100 0,64 100
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Table 3. Removal of chemicals major rivers of the northeast slope of the Eastern
Carpathians in different periods of the year (over the line — tons of watershed areas,
below the line — kg - hal).

Nitrogen
£ 2 £ ﬁ Se é 7
Year Theamount | S ® @ 2 |83|88€3 S
period ofionsx10* | § | § | E g |cS2|8E2E| 3
E|E| | & |28 °°8
(3]
Cool 996.8 1226 33 2118 127 334 287 581
0,9 1,2 003 20 0,1 0,3 0,3 0,5
Melting snow 796,9 989 24 1541 79 490 353 452
0,7 0,9 002 14 0,1 0,5 0,3 0,4
Warm 3110,6 6581 130 7517 409 1132 1241 7208
2,9 6,2 010 7.1 0,4 1,0 1,2 6,8
For the year 4904,3 8796 187 11176 615 1956 1881 8241
46 8,3 0,15 105 0,6 1,8 1,8 7,7

Therefore, we explored the close depen-
dence of hydrochemical conditions of the
rivers on the depth economic activity at
watersheds. In addition, in some areas, com-
munal and technological effluents pass by
cleaning systems and natural barriers fall
into bed and rapidly increase the salinity of
the river water.

We have found that there is a close depen-
dence of chemical runoff of water during
different periods of the hydrological regime
of the rivers of the Northeast slope. The
value of the ion flow reaches 3110 kg-ha-1 in
the warm season (table 3). It declines to 997
kg-ha-1 during the cold period to 797 kg+ha,
as snow melts. This trend is the same in rela-
tion to the removal of other substances.

The use of water from the river is the main
source of water supply in regions and cities of
the Northeastern slope of the Eastern
Carpathians. Share of 57%, or about 21 mil-
lion m3 of total water intake is taken from
surface waters each year. 23% of water is used
for production needs of the total intake.

The volume of industrial, municipal and
domestic wastewater in the slope is 12,8 mil-
lion m3. They dumped directly into the rivers.
Only 44% of the water dropped corresponds

to the category of regulatory net. Volume of 0,1
million m? (0,8%) contaminated wastewater
enters the water bodies without treatment.

Conclusion. In the basins of the
Northeast slope of Eastern Carpathians
sometimes happens unsatisfactory treatment
of industrial and municipal wastewater. The
area of natural areas continues to reduce,
causing destruction of forest vegetation.
Applied inappropriate agricultural practic-
es, such as plowing of agricultural land. They
cause considerable flushing water to pesti-
cides, fertilizers and so on. All these factors
lead to a significant deterioration in the
quality of river water. They also led to signif-
icant changes in the balance of quantitative
parameters of surface runoff Northeastern
slope of the Eastern Carpathians.

The current situation in the natural envi-
ronment of the Eastern Carpathians makes it
necessary to reproduce the natural forest
cover of the mountains, to increase the share
of natural landscapes and protected areas,
limited arable farmland. Local self-govern-
ment should pay special attention to prevent
uncontrolled discharge of untreated munic-
ipal and industrial effluents into the rivers of
the Eastern Carpathians.

Tom 6, Ne5-6, 2014

BIOPECYPCU | NIPUPOJOKOPUCTYBAHHSA

ISSN 2078-9912 | 131



JICIBHALUTBO

M. C. MHariB, H. {. lonoTuy

References

Bogorpeuxuit B. E. AnTponoreHHoe usMeHeHMe CTOKa Maibix pex / B. E. Bogorpenxmii. — JL:

Iuppomereonsmar, 1990. — 176 c.

C. 93-97.

2. Twaris II. C. Cran pPOCIMHHOrO IMOKPHUBY i BTPATH €KOJOIiUHOrO IIOTEHIialy HAa3eMHUX €KOCHCTEM Y
ripcekomy perioni JIpBiBumHM y 38’s3Ky 3 ixHiMU cepefoBuinecTadinisaniiinnvu ¢yuxniamu / I1. C. Tnatis,
M. M. Ipunuax // Hayk. sicn. HanionasbHoro yH-ty 6iopecypcis i npupogokopuctyBanus Ykpainu. — K.:
HYBIll Ykpainu, 2009. - Ne 135. - C.13-21.

3. TopGiituyk M. I. MeToa cuHTE3y MaTEMAaTUYHUX MOJeNeil piBHA BoAM y p. JHicTep 3a1eKHO Biji IIOrOHIX
ymos / M. L. Top6iituyk, O. B. Ilengepenpknii // Haykosuit Bicnnk IBano-®paHkiBCbKOT0 HAI[iOHAIBHOTO
TexHiuHOro yHiBepcurery HadTH i rasy. — 2010. - Ne 1(23). - C. 160-170.

4. ExoJoriuna cutyanis Ha miBHIYHO-cXiHOMY Makpocxmii Yipaincekux Kapnar / 3a pex. M. A. Tony6is. —
JIbsis: ITosuri, 2001. - 162 c.

5. Kunmok b. B. Tmaporpaduueckas cetb n aMBHEBBI cTOK pek Yikpamuckux Kapmar / b. B. Kunmok. —
Opecca: TIC, 2003. — 222 c.

6. KounenTyanpHi 3acajy CTaIoro pos3BUTKy ripcbkoro periony / M. A. Tony6ens, II. C. I'maris, M. II
Koanoscokuii Ta in. - JIbsis: Mo, 2007. - 288 c.

7. Kyprauesua JI. IT. Bogumii kagacTp : HaBd. moci6uuk / 3a pe. mpod. I. IT. Kosanbuyxka. — JIbsis: BugaBHmanit
nenrp JIHY imeni Isana ®panka, 2007. - 116 c.

8.  OcHOBHI TOKAa3HUKU BUKOPUCTAHHS Ta OXOPOHH BOJHUX pecypciB / JlepkaBHa c1yk6a CTATUCTUKY YKpainu
[Enexrponnnii pecypc]. — Pexxnm focrtyny: — http: / /ukrstat.org/uk

9. Ilenpepenpkuii O. B. Jlocmijpkenns Boauux crokis p. Jwmicrep i mpornosysanns ii masoakis / O. B.
Ilenpepenpknii // MeToau Ta npuiajy KOHTPOo akocTi. — 2008. — Ne 20. -

10. Pomamenxo M. Bozui cruxii. Kapmarceki noseni / M. Pomammenko, /I, Casuyk. — K.: Arpapna nayka, 2002. - 304 c.

11

. Mymnuax B. M. Jlocnijpkennsa ¢umopianbHuX nponecis Ha cranionapi ,Ceugoseny” / B. M. Hlymusax //

EposiitHo akymynaTHBHI IpoIecu i piukoBi CHCTEMM OCBOEHMX perioHiB: 36. HayK. Ipallb yKpaiHCBKO-

IIOJILCBKO-POCIICHKOTO ceMiHapy. —

AHOTALIA

II. C. Tuamie, H. A. JTonomuu. Bionosni 600mi

pecypeu  mieniuno-cxionoeo  maxpocxuny Cxionux
Kapnam ma ix axicms // buope C’bL u ngu onoms
sosanue. — 2014. — 6, N 05— 6 127

B Ypaini 6i0 1990 poxy 60003a6ip i cnosjcusan-
HA NPUpoonoi 600w demorncmpyroms mpend 0o 3men-
WENNA, 3G BUKNIOUEHHAM KIABKOX OCMANMIX POKi6.
Ipome sasciusicmo 30epencenns Yvoeo 8i0HO8HO20
npupoonozo pecypcy spocmae, adice axicmv nosepxme-
eux 600 npodoscye nozipuysamuca. Pixu nieni-
Ho-cXi0no20 marxpocxury Kapnam ¢ munosumu 2ip-
cokumu. Ha wux 0obpe supasncenuii nasodxosui
pescum 3L CmPIMKUM KOAUBAHHAMU 00 EMY CMOKY).
Tloseni y noeOnanmi 3 nagooKom Moxcyms Habysamu
Kamacmpo@Piuroi cusu.

Hespeayrvosana 2ocnodapcvka  axmugnicmeo
(upybica ricy, opanKa cxunié mouo) 3MiHULL 600HUTL
peacum Cxionux Kapnam. IHomyxcni nasooxu sunu-
Kawmos menep uacmiuie, a ix PyuMiena cura cmana
Oinvworo. Cnoxcusua AKICMs NOBEPXHESUX 600 Ni6-
HIUNO-cXi0n020 maxpocxuny Kapnam 3a 2iopoximiu-
HUMU NOKAZHUKAMU CYMMEGO nozipuunaca. /s
30epeacenns  8iON0BHUX  pecypcie npupoonux 600
Cxionux Kapnam mneobxiono synunumu cyyitvhe
supybysanms aicie, 3mMeHuUMU 00 MIHIMYMY NAOULT
oprux 3emMeny, NPUNUHUMU CKUOGHHA HEOUUULEHUX
CMOKI6 Y pruKu, poswupumu exoroiuny mepeicy 6
pamxax npupoono-3anosidnozo Ghonoy.

JIpsis, 2006. - C. 188-201.
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I1. C. Iamue, H. A. JTonomuu. Boso6iosisemvie
pecypeot 600 cesepo-60cmouH020 Mmcgocmoua
Bocmounvix Kapnam w ux xavecmso // Biological
Resources and Nature Managment.— 2014. = 6,
No5—6. — P. 127 —-132.

B Yipaune ¢ 1990 e0da 60003abop u nompetnerue npu-
Ppoonott 600t demorcmpupyrom mpenod K ymenwuenuo, 3a
UCKMIOUEHUEM  HECKQBKUX nocteonux aem. Oomaxo 6adic-
HOCT COXPAMEHUS, IN020 BO300HOBAAEMO20 TYPUPOOH020 Ifbec)p
ca pacmem, 6e0b KaMecMBo NOBEPXHOCMHBIX 600 1
yxyoutamcs. Pecu cesepogocmonioeo maxpockaona Kaprmn
munuble 20prvte. Ha nux xopouto evipasicer nasodkoswii
perrcum co cmpemumensHbMU KOLOAHUAMU 0TBEMA CIIOKA.
Hasoomerua 6 couemaru ¢ nasodkom mozym npuotpemants
rxamacmpogpuvecicyo cuny. Pexu menerom nosonezo sema,
BCMYNASL 8 NEPUOOD ALIMHEOCCHHEIL MEHCCHU.

Heypeaynuposarnas xosaicmeennas axmuenocmy
(8vupydKa aeca, pacnawxa ckioHo8 U M.N.) USMEHUAG
600wl pesicum pex Bocmownwix Kapnam. Mougvie
HABOOHEHUA BOIHUKAIOM MENEPs Uaule, a ux paspywu-
mevnas cusa cmana bosvue. Ilompedumenvcxue xave-
CMBA NOBEPXHOCIIHBIX 600 CEBEPO-BOCIOUHO20 MAKPO-
cxaona Kapnam no udpoxumuveccum noxasameram
cywecmeenno yxyouuaucy. s coxpanenus 6030010s-
AAeMBLX pecypeos npupoorvix 600 Bocmounwix Kapnam
HEOOX0OUMO OCMAHOBUND CNAOUHYIO BBIPYOKY A€C08,
YMEHVUUME 00 MUNUMYMA NAOUAOU NAXOTHBLX
3emMens, npexpamume COPOC HEOUUUEHHBIX CMOKO8 8
pexu, pacuupums sxoroeuneckyro cems 6 pamxax npu-
poono-3anosednozo ponoa.
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