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Ab stract—The re gional fea tures of trans for ma tion in the chem i cal com po si tion of wa ter in the Lower
Volga trib u tar ies and its main trends un der anthropogenic im pact and cli ma tic vari a tions are pre sented.
Most trends for the prin ci ple ions (sul fates, car bon ates, cal cium and mag ne sium ions) are in creas ing,
which may be a con se quence of on go ing cli mate change. Mod er ate de creas ing trends pre vail in the con -
cen tra tions of nu tri ents and or ganic sub stances in wa ter. It was found that the trends in metal con cen tra -
tions are mul ti di rec tional. All re vealed sta tis ti cally sig nif i cant trends for iron and cop per com pounds are 
de creas ing, and those for man ga nese are in creas ing. Based on the anal y sis of the iden ti fied trends in the
chem i cal com po si tion, the river eco sys tems of the Lower Volga trib u tar ies are clas si fied into two cat e -
go ries: sta ble (“healthy”) and trans formed (“transitioning”).
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IN TRO DUC TION

Un der mod ern con di tions of in tense anthropogenic im pact, the qual i ta tive and quan ti ta tive de ple tion of
wa ter re sources, the deg ra da tion of small rivers, and the in creas ing en vi ron men tal stress on wa ter bod ies
take place, es pe cially in in dus tri ally de vel oped and wa ter-stressed re gions of Rus sia. High anthropogenic
im pact and the Volga River con trol led to en vi ron men tal changes all along the river, es pe cially in the lower
reaches. The in tense wa ter use, ir re vo ca ble wa ter with drawal, and chem i cal pol lu tion dis turb the unique
eco sys tem of the Lower Volga. En vi ron men tal changes are man i fested in the dis tur bance of nat u ral bi o log -
i cal cy cles of aquatic eco sys tems, in the re duc tion of biodiversity and bioproductivity [15]. 

The main dan ger of long-term anthropogenic im pact on river eco sys tems is the oc cur rence of en vi ron -
men tal emer gen cies. Ev ery year the Volga River and some of its trib u tar ies (the Moskva, Klyazma,
Chapaevka rivers, et al.) are among the ob jects with high and ex tremely high con tam i na tion of wa ter on the
ter ri tory of Rus sia [13]. 

The ma jor eco log i cal prob lems in the Lower Volga re gion are the high con cen tra tion of a num ber of
pol lut ants in wa ter, the de te ri o ra tion of its qual ity, and the in ten si fi ca tion of the eco log i cal re gress caus ing
the trans for ma tion of the struc tural or ga ni za tion of plank ton and benthos com mu ni ties against a back -
ground of chang ing nat u ral, cli ma tic, and hy dro log i cal con di tions [1, 16, 17]. 

Ac cord ing to the level of de vel op ment of intra-system pro cesses, the status of the Lower Volga aquatic
eco sys tems in dif fer ent pe ri ods of their func tion ing is char ac ter ized as “anthropogenic stress with el e ments
of eco log i cal re gress” and “the state with el e ments of eco log i cal regress,” when a low and me dium level of
en vi ron men tal risk, re spec tively, is formed. In dy nam ics, there is an in crease in the pro cesses of “eco log i cal 
regress,” which in di rectly in di cates an in creas ing anthropogenic im pact on aquatic eco sys tems in the re cent 
years and a de creas ing self-purification ca pac ity of the river [16]. In such con text, the in ves ti ga tion of re -
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gional fea tures of trans form ing the chem i cal com po si tion of wa ter in the Lower Volga trib u tar ies and the
rev e la tion of its trends un der anthropogenic im pact and cli ma tic vari a tions is es pe cially rel e vant. This will
al low mak ing pro jec tions of changes in  wa ter chem is try and qual ity un der var i ous cli ma tic vari a tions, as
well as un der on go ing anthropogenic im pact in river catch ments.

The sources of river wa ter pol lu tion in the Lower Volga ba sin. As shown be fore [12, 17], the Lower
Volga aquatic eco sys tem is af fected by the pol lu tion sources of var i ous scales and de grees of dan ger.
Anthropogenic im pact on en vi ron men tal con di tions of rivers in the Lower Volga ba sin is caused by such
re gional fac tors as the trans port of con tam i nated wastewater down the stream, the dis charge of con tam i -
nated and in suf fi ciently treated wastewater from in dus trial and ag ri cul tural en ter prises, the in flu ence of
small ves sels, river con trol, the dif fu sive pol lu tion from the catch ment, etc. 

The high est wa ter ro ta tion co ef fi cient in the Volga River ba sin is ob served for the Lower Volga
(92.7%), which is ex plained by the de vel op ment of fuel, met al lur gic, and chem i cal in dus tries widely us ing
the re cy cling wa ter sup ply. Due to cli ma tic and soil con di tions, the ir ri gated farm ing is most de vel oped in
this arid part of the ba sin, whose con tri bu tion to ir ri gated lands makes up 60% [4].

In the re cent years, fed eral wa ter-protecting mea sures [3, 6] led to a de crease in wa ter con sump tion in
the hous ing and util i ties sec tor and ag ri cul ture and in the dis charge of in dus trial wastewater, mine and col -
lec tor-drainage effluents [4]. De spite this, there is no sig nif i cant im prove ment in the dy nam ics of wa ter
qual ity in the Volga ba sin and in the lower reaches. On the con trary, there is an in creas ing role of dif fu sive
pol lu tion, that is com pa ra ble (and is some times higher) with the con tam i na tion from point sources [3].

Cli mate change in the Lower Volga ba sin is man i fested in an in crease in an nual pre cip i ta tion due to
an in crease in spring and win ter pre cip i ta tion (by 15–30%). The re vealed in crease in av er age an nual tem -
per a ture is con trib uted both by the cold and warm half-years. The ab so lute value of the tem per a ture rise in
the cold half-year is more than twice higher than in the warm half-year [9]. 

Based on the anal y sis of the arid ity in dex vari a tions for the Lower Volga ba sin, an in crease in the moist -
en ing of the ter ri tory was re vealed along with the tem per a ture rise in the cold half-year and in win ter. De -
spite this, ac cord ing to [9], a con sid er able lack of moist en ing is ex pected in the grow ing sea son for ter res -
trial and aquatic eco sys tems of the ba sin. An in crease in the tem per a ture of wa ter ac com pa nied by its de fi -
ciency in the warm sea son is also pos si ble. This may cause in creased wa ter bloom ing and re duce ox y gen
con tent in it due to evap o ra tion growth. Thus, cli ma tic vari a tions may cause sig nif i cant neg a tive trans for -
ma tions in the Lower Volga aquatic eco sys tems.

DATA AND METHODS

The ob jec tive of the pres ent study is to re veal main long-term trends in the wa ter chem is try and qual ity
in the Lower Volga trib u tar ies against a back ground of on go ing cli ma tic vari a tions and anthropogenic im -
pact. 

The Lower Volga trib u tar ies flow ing in the for est-steppe and steppe zones were cho sen as re search ob -
jects. The de scrip tion of the river reaches un der study is pre sented in Ta ble 1. The chem i cal com po si tion of
wa ter of the an a lyzed rivers is formed in for est-steppe and steppe zones, but the dif fer ences are pos si ble,
which are as so ci ated with the in flu ence of lith o logic and geomorphologic land scape fea tures of phys io -
graphic prov inces where the river reaches are lo cated.

Ini tial data in cluded long-term (1985–2017) hy dro log i cal in for ma tion of the Roshydromet ob ser va tion
net work about sur face in land wa ter con di tions. The study was based on such hydrochemical pa ram e ters as
the con cen tra tion of chlo rides, sul fates, bi car bon ates, mag ne sium, cal cium, am mo nium and ni trate ni tro -
gen, BOD5, COD, oil prod ucts, iron, cop per, zinc, and man ga nese com pounds.

Ob ser va tions at the Roshydromet net work are car ried out in ac cor dance with the uni fied wa ter sam pling
and anal y sis meth ods, whose stan dard iza tion is metrologically pro vided. The pe ri od ic ity of hydrochemical
ob ser va tions (and, hence, the tem po ral res o lu tion of re sult ing an nual data) is de ter mined by the cat e gory of
ob ser va tion sta tions. For most se lected rivers, the wa ter sam pling was per formed dur ing the main phases of
the river wa ter re gime, i.e., at least seven times per year.

The eval u a tion of trans for ma tion pat terns for the chem i cal com po si tion of wa ter and the rev e la tion of
trends in pol lut ant con cen tra tions that change river wa ter quality, are es sen tial for study ing time se ries of
hy dro log i cal data. The oc cur rence of the main trend in the dataset can be caused both by the anthropogenic
im pact and cli ma tic vari a tions, which are inhomogeneous both in the in ten sity and di rec tion. 

The main trends in con cen tra tions of chem i cals are re vealed by the cor re la tion anal y sis. The Kend all
rank cor re la tion co ef fi cient and the level of con fi dence prob a bil ity at which these co ef fi cients can be con -
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sid ered sta tis ti cally sig nif i cant are cal cu lated us ing the Statistica 13.3 soft ware pack age. The use of the
nonparametric rank cor re la tion co ef fi cient is due to ap pli ca tion of hy dro log i cal data not fol low ing the
Gaussi an dis tri bu tion. If ini tial data have a sym met ric dis tri bu tion, the rank cor re la tion co ef fi cients are
close to the re spec tive val ues of the Pearson co ef fi cients.

Data on the year ranked in as cend ing or der were used as an in de pend ent vari able, and the av er age an -
nual con cen tra tion of a spe cific chem i cal for this year was used as a de pend ent vari able. The neg a tive value
of the rank cor re la tion co ef fi cient points out a grad ual de crease in av er age an nual con cen tra tions with time
(over 30 years), and the pos i tive value in di cates their grad ual growth (i.e., the wa ter qual ity de te ri o ra tion).

Taking into ac count inhomogeneity of sam pling dates and intraannual vari a tions in hydrochemical data, 
the re la tion ship was es ti mated us ing the lin ear cor re la tion co ef fi cient and the fol low ing cri te ria: if r = 1.00,
the cor re la tion is func tional; if 0.75 £ r < 1.00, the cor re la tion is very high; if 0.50 £ r < 0.75, the cor re la tion 
is high; if 0.25 £ r < 0.50, the cor re la tion is mod er ate; if 0.00 £ r < 0.25, the cor re la tion is low.

RE SULTS AND DIS CUS SION

River wa ter with com plex chem i cal com po si tion is formed in the Lower Volga ba sin: it in cludes bi car -
bon ate fresh wa ter with me dium min er al iza tion (in the north of the ter ri tory) and brack ish mixed-type sur -
face wa ter. Some Lower Volga trib u tar ies are char ac ter ized by the high con cen tra tion of sul fates and chlo -
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Ta ble 1. The geo graphic and hy dro log i cal char ac ter is tics of the Lower Volga trib u tar ies [2, 8]

River Ob ser va tion sta -
tion

River reach char ac ter is tics River char ac ter is tics

R, km S, km2 L, km S, km2 Q, m3/s

For est-steppe zone
Kinel-Kama prov ince

Sam ara
Sok
Bol’shoi
Cheremshan
Padovaya

Alekseevka
Krasnyi Yar
Novocheremshansk

Sam ara

13
21
64

–

45500
11100

6050

–

594
363
336

52

46500
11700
11500

266

47.2
33.3
36.1

–

Bugul’ma-Belebei prov ince

Bol’shoi Kinel’
Sok
Stepnoi Zai
Surgut

Timashevo
Sergievsk
Al’met’evsk
Sernovodsk

74
–
–
  8.2

12000
–
–

1370

442
363
291

97

14900
11700

5020
1450

34.0
33.3

–
–

Steppe zone
Obshchii Syrt prov ince

Sam ara
Tok

Buzuluk
Erokhovka

242
38

22000
5440

594
306

46500
5930

47.2
–

Sam ara-Irgiz prov ince

Bol’shoi Irgiz
Chapaevka
Chagra

Pugachev
Chapaevsk
Novotulka

303
–

42

18200
4040
2550

675
298
251

24000
4310
3440

23.0
2.53

3.5

Khoper-Medveditsa prov ince

Buzuluk Perevoznikovo 19 4280 248 4460 7.7

The dash means the ab sence of data. R is the dis tance from the mouth; S is the catch ment area; Q is the wa ter flow in the
mouth.



rides in wa ter: these are the Sok, Surgut, Chapaevka, Chagra, Bol’shoi Kinel’, and Padovaya rivers. In
terms of wa ter chem is try, these rivers are from the chlo ride or sul fate class, with the dom i nance of cal cium
or so dium and po tas sium ions [14].

As noted be fore [14], the con cen tra tion of biogenic and or ganic sub stances in the Lower Volga trib u tar -
ies var ies greatly and pe ri od i cally ex ceeds the max i mum per mis si ble con cen tra tion (MPC) by tens of times. 
The high est con cen tra tions are ob served in the Padovaya and Chapaevka river catch ments, which may be a
rea son for the in ten si fi ca tion of anthropogenic eutrophication of river eco sys tems. River wa ter is also char -
ac ter ized by high con cen tra tions of heavy met als, es pe cially of iron, cop per, and man ga nese, whose con -
cen tra tions sig nif i cantly vary and can ex ceed max i mum per mis si ble con cen tra tion by doz ens of times.

The qual ity of river wa ter in the Lower Volga ba sin gen er ally var ies be tween the cat e go ries of the 3rd
and 4th qual ity classes: “pol luted,” “very pol luted” or “dirty,” “very dirty” due to a high con cen tra tion of a
num ber of pol lut ants (man ga nese, cop per, iron, phe nols, biogenic and or ganic sub stances) [14]. 

Such inhomogeneity in the com po si tion of river wa ter in the an a lyzed trib u tar ies predefines a need to re -
veal and es ti mate its ma jor trends (trends in con cen tra tions of chem i cals).

In total, 36 (of 70 possible) statistically significant trends in the concentration of principal ions in water
were revealed for the investigated Lower Volga river ecosystems: 11 for sulfates, 8 for chlorides, 7 for
magnesium ions, 6 for bicarbonates, and 4 for calcium ions. Most trends are increasing. The revealed
statistically significant correlation is most often low for the principal ions and increases to the moderate
level only in single cases (Table 2).

It should be noted that sta tis ti cally sig nif i cant in creas ing trends were de tected in most cases for the con -
cen tra tion of car bon ates, sul fates, cal cium and mag ne sium ions, which may be an ef fect of cli mate change.
For ex am ple, some pub li ca tions [5, 10, 11, 19] consider in crease in the con cen tra tion of in or ganic car bon,
car bon ates, and bi car bon ates in water as one of the cli mate change con se quences for sur face wa ter, which is 
pri mar ily as so ci ated with the in crease in the con cen tra tion of car bon di ox ide in the at mo sphere and with its
ad di tional ab sorp tion by the wa ter en vi ron ment. It is also noted that as pre cip i ta tion in creases, the wash out
of bi car bon ates and prin ci pal cat ions (mag ne sium and cal cium) from rocks is ac ti vated. 

The dis tri bu tion of the re vealed trends over the nat u ral zones is uni form (18 trends each) (Ta ble 2). Con -
sidering the vari abil ity of the chem i cal com po si tion in in di vid ual river reaches, it should be noted that the
ion com po si tion is most sta ble in three ar eas of the study ter ri tory: these are the Sam ara (Alekseevka sta -
tion), Sok (Krasnyi Yar), and Surgut (Sernovodsk) rivers, where only one trend is avail able. The wa ter
com po si tion is most trans formed in the Chapaevka River reach in the area of Chapaevsk, where four in -
creas ing trends were re vealed. As  known, this river is among the most con tam i nated wa ter courses in the
Volga ba sin and is eco log i cally un fa vor able. 

The river reach in the area of Chapaevsk is char ac ter ized by high anthropogenic load. The ar eas of eco -
log i cal di sas ter with a high level of chem i cal pol lu tion and the zone of eco log i cal cri sis were lo cally de -
tected here [7].

The correlation analysis of variability in the concentration of biogenic and organic substances revealed
45 (of 70 possible) trends in 14 river ecosystems of the Lower Volga basin: 12 for oil products and organic
matter (in BOD5) each, 9 for nitrate nitrogen, 7 for the total amount of organic matter (in COD), and only 5
for ammonium nitrogen (Table 2). 

For the an a lyzed river reaches, de creas ing trends pre vail for the con cen tra tion of am mo nium ni tro gen,
oil prod ucts, and or ganic sub stances (in to tal, 34 de creas ing trends), and in creas ing trends dom i nate for ni -
trates. At the same time, more than a half of the trends in the con cen tra tion of biogenic and or ganic sub -
stances have mod er ate cor re la tion.

The num ber of sta tis ti cally sig nif i cant trends for in di vid ual river reaches var ies from 2 to 5. The river
reaches in the steppe zone stand out: the Sam ara (Buzuluk) and Tok (Erokhovka) river reaches each hav ing
five dif fer ently di rected trends. For them an in creas ing con cen tra tion of ni trates is syn chro nously ob served
against a back ground of a de crease in the con cen tra tion of the other com po nents (Ta ble 2). De spite the sta -
tis ti cally sig nif i cant de crease in the con cen tra tion of or ganic and biogenic sub stances, the pres ence of
trends in di cates the in sta bil ity of wa ter chem is try in these trib u tar ies.

For the in ves ti gated Lower Volga river eco sys tems, 27 (of 50 pos si ble) sta tis ti cally sig nif i cant trends
were re vealed in the con cen tra tion of heavy metal com pounds: 13 for iron, 6 for cop per, 5 for man ga nese,
and 3 for zinc. Most trends are de creas ing, the cor re la tion is low for two thirds of the to tal num ber. The dis -
tri bu tion of the re vealed trends over the nat u ral zones is inhomogeneous: most trends were found for the
river reaches in the for est-steppe zone (Ta ble 2).
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Sta tis tically sig nif i cant trends to ward an iron com pound con cen tra tion de crease were found for all stud -
ied river reaches. The same di rec tion of trends was also reg is tered for cop per com pounds in more than 40%
of cases. Such con ju gate spatiotemporal vari abil ity of these met als may be caused both by com mon nat u ral
and cli ma tic fac tors of wa ter chem is try for ma tion and by the metal mi gra tion in nat u ral wa ter un der chang -
ing en vi ron men tal con di tions (wa ter min er al iza tion, acid ity, or re dox po ten tial).

The re vealed mul ti di rec tional pat tern of the main trends in the chem i cal com po si tion of river wa ter in
the Lower Volga catch ment causes the in sta bil ity of the chem i cal com po si tion of wa ter in the trib u tar ies.
Con se quently, the greater the num ber of hydrochemical pa ram e ters vary ing in time is, the more un sta ble a
river eco sys tem is as a whole. 
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Ta ble 2. The val ues of the Kend all rank cor re la tion co ef fi cient be tween the sam pling dates and con cen tra tions
of prin ci pal ions, biogenic and or ganic sub stances, as well as heavy metal com pounds in the wa ter of the Lower
Volga trib u tar ies

River

  Prin ci pal ions Biogenic and or ganic sub stances Heavy metal com pounds

Mg2+ Ca2+ Cl– SO4
2- HCO3

- Am.
ions N

Or ganic sub -
stances Oil

pro-
ducts

Fe Cu Zn Mn
 in

BOD5
COD

For est-steppe zone
Kinel’-Kama prov ince

Samara
Sok
Bol’shoi 
Cheremshan
Padovaya

0.09
0.10
0.24

0.14

0.01
0.07
0.11

0.04

–0.03
0.10

–0.04

–0.21

0.18
0.17
0.03

0.15

0.08
–0.02
0.25

0.27

–0.07
0.06
–0.24

–0.07

0.31
0.24
0.09

0.30

–0.33
–0.36
–0.27

–0.17

–0.04
–0.11
–0.04

0.01

–0.44
–0.39
0.07

–0.29

–0.37
–0.39
–0.16

–0.21

–0.13
–0.16
–0.09

–0.17

0.01
0.04
–0.13

–0.07

0.08
0.01
f/d

0.14

Bugul’ma-Belebei prov ince

Bol’shoi
Kinel’
Sok
Stepnoi Zai
Surgut

0.06

0.14
0.18
–0.06

0.01

0.15
–0.05
–0.13

–0.21

0.05
–0.14
–0.07

0.26

0.20
0.19
–0.07

0.04

0.04
0.09
–0.09

0.09

0.06
0.0001
–0.01

0.35

0.32
0.51
–0.09

–0.35

–0.33
0.0001
0.0001

–0.12

–0.17
–0.25
0.03

–0.39

–0.35
–0.23
0.06

–0.37

–0.31
–0.56
  0.07

–0.17

–0.08
–0.18
0.02

–0.02

0.04
0.27

0.0001

0.01

0.15
f/d

–0.10

Steppe zone
Obshchii Syrt prov ince

Sam ara
Tok

0.09
0.18

–0.07
0.05

–0.16
–0.13

–0.27
–0.07

0.13
0.20

–0.18
–0.14

0.25
0.31

–0.31
–0.31

–0.19
–0.16

–0.28
–0.18

–0.20
–0.39

–0.01
0.0001

0.03
–0.08

n/a
n/a

Sam ara-Irgiz prov ince

Bol’shoi
Irgiz
Chapaevka
Chagra

0.16

0.13
–0.04

–0.03

0.13
–0.05

0.17

0.17
–0.17

0.21

0.15
0.11

0.01

0.02
–0.11

–0.08

–0.08
–0.11

–0.10

0.07
0.09

–0.21

–0.24
–0.36

0.07

–0.02
–0.01

–0.08

–0.34
–0.35

–0.08

–0.34
–0.32

–0.27

–0.06
–0.06

–0.13

–0.04
0.07

f/d

0.20
0.03

Khoper-Medveditsa prov ince

Buzuluk 0.05 –0.09 –0.06 –0.31 0.19 0.28 0.19 –0.26 –0.04 –0.31 –0.19 0.0001 –0.07 n/a

Statistically significant rank correlation coefficients with p < 0.05 and higher are highlighted: the bold script means a
decreasing trend, the italicizing means an increasing trend; f/d is “few data available for analysis”; n/a is “no data
available.”  Am. ions is ammonium ions; N is nitrates. The observations stations on the rivers correspond to those in
Table 1.



The por tion of pa ram e ters that have long-term trends can be used to as sess the wa ter body sta tus. This
meth od olog i cal ap proach was de scribed in [18], where the au thors clas si fied eco sys tems into “healthy”
(where trends are avail able for less than 50% of pa ram e ters), “dis turbed” (>75%), and “transitioning”
(50–75%) ones.

Ac cord ing to the com bi na tion of in di ca tors of the chem i cal com po si tion of wa ter that have long-term
trends, it is pos si ble to di vide the stud ied river eco sys tems of the Lower Volga trib u tar ies into two cat e go -
ries:

 —healthy eco sys tems (sta ble, 43% of river reaches): the Sam ara (Alekseevka), Sok (Krasnyi Yar),
Bol’shoi Cheremshan, Surgut, Chagra, and Buzuluk rivers;

 —transitioning eco sys tems (trans formed, 57%): the Sok (Sergievsk), Padovaya, Bol’shoi Kinel’,
Stepnoi Zai, Sam ara, Tok, Bol’shoi Irgiz, and Chapaevka rivers.

The ab sence of the reaches clas si fied as dis turbed eco sys tems among the an a lyzed river eco sys tems
points out a rel a tive sta bil ity of the Lower Volga trib u tar ies.

CON CLU SIONS

The long-term trends in the con cen tra tion of chem i cal sub stances in river wa ter un der con di tions of
anthropogenic load and cli ma tic vari a tions were re vealed for the Lower Volga trib u tar ies. 

In creasing trends dom i nate among sta tis ti cally sig nif i cant trends in the con cen tra tion of prin ci pal ions,
but the cor re la tion is low. An in crease in the con cen tra tion of sul fates, car bon ates, and cal cium and mag ne -
sium ions was found, which may be an ef fect of cli mate change.

De creasing trends pre vail for biogenic and or ganic sub stances in the wa ter of the Lower Volga trib u tar -
ies. This is more typ i cal of oil prod ucts and or ganic sub stances against a back ground of in creas ing con cen -
tra tions of ni trate ni tro gen com pounds. The re vealed trends are mainly mod er ate.

All sta tis ti cally sig nif i cant trends for iron and cop per com pounds are de creas ing, and those for man ga -
nese are in creas ing, most trends are weak.

Such dif fer ent di rec tion of the main trends in the chem i cal com po si tion of river wa ter causes dif fer ent
de grees of river eco sys tem sta bil ity. The sta ble (healthy) eco sys tems made up 43% of the to tal num ber of
the an a lyzed river reaches, and the trans formed (transitioning) eco sys tems made up more than a half (57%).

The re sults of the pres ent study may help to solve ur gent prob lems of as sess ing and pre dict ing the qual -
ity of wa ter in the eco log i cally stressed Volga ba sin, to de velop re gional cri te ria for the as sess ment of wa ter 
qual ity and aquatic eco sys tem sta tus, as well as to plan eco log i cally rea son able wa ter-protecting ac tiv i ties
aimed at the pres er va tion and res to ra tion of river eco sys tems.
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