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Abstract—Data on the water chemical composition and species composition of periphyton algae have been
analyzed in 25 rivers under different rates of anthropogenic impact in Primorskii krai, Russia. It is shown that
chemical oxygen demand and the content of ammonium compounds of dissolved nitrogen are the most def-
inite indicators of total anthropogenic impact. In the Razdol’naya River, which as the greatest anthropogenic
eutrophication, it may be also indicated by organic compounds of dissolved phosphorus and nitrates. The
number and biomass of periphyton algae varies considerably even within similar water streams. The alga spe-
cies composition and the saprobity index calculated on its basis are more stable. The saprobity index is char-
acterized by less spatial variability when compared to the chemical composition of river water. Nevertheless,
there is a correlation between the saprobity index and the content of ammonium nitrogen, as well as between
the saprobity index trend within the last 20 years and input of contaminants into the Razdol’naya River.
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INTRODUCTION

A quality assessment of fresh water with respect to
chemical and biological characteristics was intro-
duced into the monitoring system of the National
Committee of Hydrometeorology in 1972 [9, 10].
Characteristics of plankton, periphyton, zoobenthos,
and fish are used as biological indicators of freshwater
status [10]. Methods of studying the reaction of per-
iphyton and plankton algae on the contamination of
water reservoirs and streams are best elaborated. Per-
iphyton algae are used to assess saprobity (the rate of
organic contamination of water reservoirs) for a
100-year-long period or more [22]. In countries of the
European Community and the United States of
America, more than 20 indexes are eclaborated to
assess the water contamination rate using algae (dia-
toms in particular) as bioindicators [18, 23, 28]. Nev-
ertheless, a great variety of biological indicators
restricts a comparison of the obtained data. The rela-
tionship between hydrobiological characteristics and
the chemical composition of waters is also very impor-
tant, but there are no sufficient issues devoted to a
comprehensive analysis of the status of water ecosys-
tems [16, 21]. The correlation between chemical and
hydrobiological characteristics or a lack of it may con-
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siderably increase the reliability and ecological justifi-
cation of water-quality assessment and help determine
the most adequate combination of indicators of water-
object status.

The aim of this issue is (i) to comprehensively ana-
lyze the chemical composition of waters and status of
periphyton algae in the rivers of the Primorskii krai
characterized by various rates of anthropogenic impact
in order to reveal the most informative indicators of
river-water quality and (ii) assess tendencies of changes
in the status of the Razdol’naya River that have under-
gone the greatest anthropogenic impact in the last
20-year-long period using the revealed indicators.

OBJECTS AND METHODS

Periphyton and water samples were taken at 43 sta-
tions on 25 rivers of Primorskii krai in 2009—2011.
Large rivers (Bikin, Bol’shaya Ussurka (B. Ussurka),
and Razdol’naya) and small water streams allocated to
regions with different development rates were exam-
ined (Table 1). The population density of administra-
tive areas allocated to the drainage basins was used as a
measure of anthropogenic impact [13]. Three natural-
economic regions (southwestern, southeastern, and
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Table 1. Brief description of water streams in the Primorskii krai

Region River Basin area, km? Watg%?;%;rvgegg ?;3 /s Po?ﬁé?iizﬁge;?li%**,
Southwestern Tsukanovka 170 3.9 4.3
Ryazanovka 148 2.7
Poima 85 1.7
Kedrovaya 56 0.8
Amba 242 6.1
Nezhinka 76 0.91
Borisovka 1560 7.8
Southeastern Artemovka 894 6.3 8.5
Shkotovka 706 5.7
Litovka 107 1.07
Novorudnaya 25 0.25
Ekaterinovka 44 0.44
Pad’ Shirokaya 9.6 0.10
Manankina 22 0.18
Simonova 1.9 0.02
Western (slope of the Sikhote-Alin’ Ridge) | Snegurovka 473 2.4 13.1
Vassianovka 233 1.2
Chernigovka 121 0.61
Medveditsa 42 0.34
Sorochevka 114 0.57
Zolotoi 46 0.37
Kabarga 763 7.6
Basin of the rivers
Razdol’naya Razdol’naya 16800 71.9 29.9
Bol’shaya Ussurka B. Ussurka 29500 351 2.2
Bikin Bikin 21400 238 1.4

* Calculated according to [4].
** Data of 2010 according to [13].

western) and drainage areas of the Razdol’naya,
B. Ussurka, and Bikin rivers were distinguished in the
studied area. The Razdol’naya River, in which the spe-
cies composition of algae was comprehensively studied
in 1989—1997 [5], was investigated in May and August
2009. Samples were taken in the lower reaches at sta-
tions 4—6 allocated to the river part between the Rus-
sia—China boundary and the river mouth (Fig. 1).

At sampling places, water was filtered through a
GWYV Pall™ capsule filter with pores of 0.45 um, and
pH and electrical conductivity were measured. Fil-
trates were preserved by adding chloroform and ana-
lyzed at a laboratory by conventional spectrophoto-
metric and chromatographic approaches for deter-
mining nitrate and ammonium nitrogen, mineral and
organic compounds of dissolved phosphorus, dis-
solved silicon, and the content of macroions [8].

Chemical oxygen demand (COD) was determined in
unfiltered water.

Algae were sampled by conventional methods [2,
12] and studied in a laboratory under an Axioskop 40
light microscopes (Zeiss, object-glasses x40/0.65 and
x100/1.25 oil) and Alphaphot-2YS2 light microscopes
(Nikon, object-glasses x40/0.65 and x100/1.25 oil).
The species composition of sampled algae was deter-
mined with the use of modern systematic lists. Alga
biomass was determined by the volumetric—counting
approach [2]. Upon characterizing the structure of alga
cenoses, associations of predominating species were
revealed, and their occurrence was determined by a six-
point scale [3]. We assigned taxa with occurrence 6
(mass) to dominants and those with occurrence 5 (very
frequent) to subdominants. If species of high occur-
rence were absent, taxa with highest occurrence were
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Fig. 1. Schematic map of investigated region: (/) points of water and periphyton sampling; (1) Snegurovka, (2) Vassianovka,
(3) Chernigovka, (4) Medveditsa, (5) Sorochevka, (6) Zolotaya, (7) Kabarga, (8) Tsukanovka, (9) Ryazanovka, (10) Poima,
(11) Kedrovaya, (12) Amba, (13) Nezhinka, (14) Borisovka, (15) Artemovka, (16) Shkotovka, (17) Litovka, (18) Novorudnaya,
(19) Ekaterinovka, (20) Pad’ Shirokaya, (21) Manankina, (22) Simonov, (23) Poltavka, (24) Fadeevka, (25) Georgievka,
(26) Borisovka, (27) Ussuriisk, (28) Terekhovka, and (29) Razdol’noe.

assigned to predominating ones. Species diversity of mined by an approach elaborated by Pantle and Buck
algae was assessed by a Shannon—Weaver index [29] [27] and modified by Sladechek [11, 30] with respect
calculated by the total alga number (H) and number of to the composition of indicators of organic contami-
diatoms (Hpg,.). Saprobity indexes (S) were deter- nation. The alga species was assigned to the saprobio-

INLAND WATER BIOLOGY WIl. 8 No. 1 2015
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Table 2. Hydrochemical and saprobiotic characteristics of river water in the investigated regions of Primorskii krai (mean
values with standard deviation)

Region River MPC (accord-
Characteristic ine to [9
Southeastern | Southwestern |  Western Razdol’'naya | B. Ussurka ing to [9])
Number of samples 10 7 12 11 3
Electrical conductivity, 58 £ 18 56 £ 19 67 + 26 101 £ 20 44 + 2 -
mS/cm
Mineralization, mg/L 57+£19 57 £22 72 +£28 91+ 17 52+3 1000
NH,, mg N/L 0.04 £0.03 | 0.02+0.02 | 0.08+0.08 | 0.09+0.07 | 0.07+0.02 0.4
NO;, mg N/L 0.32+0.24 | 0.05£0.08 | 0.12+£0.19 | 0.33+£0.24 | 0.17£0.06 9.1
Pin» 1g/L 12+7 63 75 13+£11 75 50
P,, ug/L 11+4 73 11+£3 215 12+10 —
Si, mg/L 54+1.5 7.3+2.6 62+23 4.1+£26 5340.3 —
COD, mg O/L 8.8£2.9 43132 17.5+10.8 19.5+8.7 13.2£2.0 15
Saprobity Index 1.41£0.15 1.42 £0.08 1.52+0.18 1.58 £ 0.09 1.45%0.16 -

Values of characteristics significantly different with respect to a Mann—Whitney test are given in bold type.

logical group and its indicative role was determined on
the basis of published data [1, 12, 20, 25, 31, 32].

Statistical treatment was performed with the use of
a MiniTab 14 program pack, and the significance of
mean difference was determined by a nonparametric
Mann—Whitney test for small sampling.

RESULTS

Waters of rivers in Primorskii krai are usually
assigned to ultrafresh ones (mineralization is less than
100 mg/L) with hydrocarbonate—calcium or hydro-
carbonate—calcium—sodium composition (Table 2).
In the specified regions, river-water mineralization
and the electrical conductivity directly related to it
vary 2—3 times and do not exceed 100 mg/L
and100 pS/cm, respectively (Fig. 2a). Exceptions are
represented by the Medveditsa and the Vassianovka
Rivers with mineralization of 115 and 137 mg/L. They
are allocated to the western macroslope of the
Sikhote-Alin’ Ridge and drain developed lands. In the
Razdol’naya River, water mineralization and the con-
tent of all macroions is considerably higher when
compared to most of the studied rivers (Table 2). The
content of macroions, cations in particular, correlates
well with the mineralization of all the studied water
streams (Figs. 2b—2d).

The content of biogenic substances in the studied
rivers is more variable when compared to the content
of water mineralization or the content of macroions
(Fig. 3). The sole exception is represented by dissolved
silicon: its variation coefficient for the entire sampling
is 41%, which is comparable to the variability of min-
eralization and macroions (Table 2). Variation coeffi-
cients of the content of dissolved N and P compounds

in rivers of Primorskii krai are higher than 100%. It has
been revealed that the mean content of ammonium
nitrogen is lowest in rivers of the southwestern and the
southeastern regions, medium in water streams of the
western macroslope of the Sikhote-Alin’ Ridge, and
highest in the Razdol’naya River. Rivers of the south-
eastern and the southwestern regions are also charac-
terized by low COD, while in the Razdol’naya River
and one-half of the rivers of the western macroslope,
COD is considerably higher (Table 2).

Direct correlations between COD and the content
of dissolved organic phosphorus and between ammo-
nium and nitrate nitrogen are only revealed in the
Razdol’'naya River (Figs. 3a, 3b). A correlation
between COD and ammonium nitrogen is also seen in
rivers of the western and the southeastern regions of
Primorskii krai (Fig. 3c).

We have revealed 163 species (170 taxa with consid-
eration of species, varieties, and forms) of algae
assigned to six divisions: Cyanoprokaryota, Chryso-
phyta, Xanthophyta, Bacillariophyta, Rhodophyta, and
Chlorophyta. Diatoms and green algae are the most
diverse and comprise 82 and 12% of the general list of
alga species. The greatest number of species, varieties,
and forms is assigned to genera Gomphonema (15),
Nitzschia (13), Navicula (10), and Eunotia (9).

A high occurrence is revealed for 31 species of blue-
green, diatomic, and green algae (Table 3). They are
mainly indifferent to salinity, alkaliphilic, benthic or
widely spread, and oligo- or B-mesosaprobic. Compo-
sitions of predominating diatomic complexes of per-
iphyton in water streams within each of the three nat-
ural-economic regions are similar, and the mass devel-
opment of blue-green algae (Homoeothrix varians) is
seen in all of them. Periphyton communities are

INLAND WATER BIOLOGY Wol. 8 No. 1 2015
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Fig. 2. Correlation between (a) mineralization (x axis) and electrical conductivity of rivers in (/) the western, (2) southwestern,
and (3) southeastern regions of Primorskii krai and (4) the Razdol’naya and (5) Bikin and Bol’shaya Ussurka rivers and the con-

tent of (b) SOy, (c) Ca, and (d) Na macroions and mineralization.

mg/L

0.6

(a)
R*>=0.69

<
1
mg/L

©

i4
- 0% R*=0.37

0.1 0.3
mg/L

(b)

mg/L

Fig. 3. Correlation between (a) ammonium (x axis) and nitrate (y axis) nitrogen compounds; (b) COD (y axis) and organic phosphorus
compounds (x axis); (c) COD (y axis) and ammonium nitrogen compounds (x axis) in different rivers of Primorskii krai, and (d) ammo-
nium nitrogen content (y axis) and saprobity index (x axis). The rest of the designations are given in the explication to Fig. 2.
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Table 3. Predominating species of periphyton algae in rivers of the Primorskii krai and their ecological—geographical
and saprobic—biological characteristic

Species Saprobity SaII; rggty Habitat tisoarll]?(])?:r— pH Di:it(r)irtl)u—
ance
Cyanoprokaryota
Calothrix braunii Bornet et Flahault o 1.0 B — — a—a
Chamaesiphon confervicola A. Braun x—P 0.9 B - — k
Homoeothrix varians Geitler o 1.0 B — — —
Phormidium autumnale (Agardh) Gomont B 2.1 B — — k
Tolypothrix distorta Kiitzing ex Bornet et Flahault o 1.2 B — — k
T. tenuis Kiitzing x—B 0.8 B i — k
Bacillariophyta
Achnanthidium minutissimum (Kiitzing) Czarnecki b 2.2 B i i k
Asterionella formosa Hassall o 1.0 P i alf k
Cocconeis placentula Ehrenberg var. euglypta b — B i alf k
(Ehrenberg) Grunow
Cymbella affinis Kiitzing B—o 1.7 B i alf k
C. tumida (Brébisson) Van Heurck X 0.2 B i alf b
C. turgidula Grunow — — B — i k
Encyonema caespitosum Kiitzing —o — B i — k
E. silesiacum (Bleisch) Mann X—O 0.5 B i i k
Fragilaria capucina Desmazicres o— 1.5 B—P i alf k
Gomphoneis olivaceum (Hornemann) Dawson ex B 2.0 B i alf k
Ross et Sims
Gomphonema angustatum (Kiitzing) Rabenhorst b 2.0 B i alf k
Hannaea arcus (Ehrenberg) Patrick X 0.3 B i alf a—a
Melosira varians Agardh a—P 2.7 B-P i alf k
Meridion circulare (Greville) Agardh o—y. 0.8 B hb alf k
Navicula avenaceae (Brébisson et Godey) Brébisson| o—f3 1.4 B i alf k
N. cryptocephala Kiitzing X 0.2 B—P i alf k
N. radiosa Kiitzing o 1.5 B i i k
Nitzschia brevissima Grunow B — B i i —
N. dissipata (Kiitzing) Grunow X 0.2 B i alf b
N. palea (Kiitzing) W. Smith o—B 2.75 B i i k
N. paleacea (Grunow) Grunow B 2.2 B—P i alf k
Ulnaria ulna (Nitzsch) Compére o—al 1.9 B i alf k
U. inaequalis (H. Kobayasi) M. Idei — — B — - -
Chlorophyta
Draparnaldia plumosa (Vaucher) Agardh B—o 1.6 B - - -
Microspora stagnorum (Kiitzing) Lagerheim B—o 1.6 P — — —

() xenosaprobe, (y—o0) xeno-oligosaprobe, (0—y) oligo-xenosaprobe, (x—[3) xeno-betamesosaprobe, (0) oligosaprobe, (0—f) oligo-
betamesosaprobe, (f—o) beta-oligomesosaprobe, (o—a) oligo-alphamesosaprobe, () betamesosaprobe, (f—o) beta-alphamesos-
aprobe, and (a—f3) alpha-betamesosaprobe. Habitat: (P) planktonic, (B—P) benthic—planktonic, and (B) benthic. Salinization toler-
ance: (hb) halophobe and (i) indifferent. Acidity tolerance: (alf) alkaphile and (i) indifferent. Distribution: (a) arctic-alpine, (b) boreal,
and (k) cosmopolite.

INLAND WATER BIOLOGY Wol. 8 No. 1 2015



COMPREHENSIVE ASSESSMENT OF RIVER-WATER QUALITY 21

(@)
milliard cells/m?, g/m? bit/unit
60
13
20 -
11
L | | —| ’_g | I_I.—.. | ’_§ 1 1
1 2 3 4 5 6 7
/! 2 —&3 B4 —95
(©
milliard cells/m?, 10 g/m? bit/unit

N

40

20

(G s A

15 16 17 18 19 20 21 22

(b)
milliard cells/m?, g/m? bit/unit
60 -
[~
13
20 -
§_L — 1

8 9 10 11 12 13 14

(d)

milliard cells/m?, g/m?
30

bit/unit

Fig. 4. Dependence of (/) number (milliard cells/mz) and (2) biomass (g/mz) of periphyton algae on indexes (bit/unit) of
(3) saprobity, (5) Shannon—Weaver for diatomic communities, (4) Shannon—Weaver for alga communities with consideration of
all the divisions in rivers of (a) western slope of the Sikhote-Alin’ Ridge, (b) the southwestern region, (c) the southeastern regions
of Primorskii krai, and (d) the Razdol’naya River in 2009—2011. Numbers on x axis correspond to those in Fig. 1.

often predominated by Gomphoneis olivaceum and
Achnanthidium minutissimum in rivers of the western
slope of the Sikhote-Alin’ Ridge, by Nitzschia palea-
cea and Cymbella affinis in streams of the southwestern
part of the Primorskii krai, and by Gomphoneis oliva-
ceum and Encyonema silesiaca in rivers of its south-
eastern part.

Both monodominant and polydominant alga com-
munities are formed in water streams of Primorskii
krai. This is confirmed by wide and overlapped ranges
of indexes of species diversity. In rivers of the studied
area, H is equal to 0.80—3.79 in the southwestern
region, 0.89—3.23 in the southeastern region, and
0.80—3.20 in the western region; Hp,  varies within
2.05—4.02, 1.02—2.45, and 1.57—4.11, respectively.
For different parts of the Razdol’naya River, H varies
from 1.05 to 3.92 and the range Hp, is 3.36—4.18
(Fig. 4).

Algacenoses are predominated by blue-green algae
with respect to number and by diatoms with respect to

INLAND WATER BIOLOGY WIl. 8 No. 1 2015

biomass. The total number and biomass vary consider-
ably in rivers of different regions (Fig. 4). The lowest
data (0.16—8.3 milliard cells/m? and 0.2—0.6 g/m?)
are obtained for small mountain water streams of the
southeastern region. The sole exception is represented
by the Manankina River, a small plain stream, drain-
ing a cultivated area (Fig. 4c). In the Razdol’naya
River, alga number and biomass vary within 0.15—
8.0 milliard cells/m? and 0.02—18.2 g/m?, respectively
(Fig. 4d).

Water saprobity may be indicated by 109 alga spe-
cies and varieties (75% of total taxa number). Oligo-
and 3-mesosaprobes are the most numerous (30% and

27%, respectively). Saprobity indexes vary from
1.15 to 2.04 (Fig. 3d).

We have compared data on the species composition
of periphyton algae in the part of the Razdol’naya
River from the Russia—China boundary to the river
mouth. The data were obtained in 1989 [5] and 2009
(Fig. 5a). The comparison shows that the value and
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Fig. 5. Variations (a) in saprobity index of waters in the part of the Razdol’naya River from the Russia—China boundary to Ussuri-
isk (station 27) and to the Razdol’noe settlement (station 29) in 1989 (/, 2) and 2009 (3, 4) and (b) mean year COD and BOD in

the lower reaches of the Razdol’naya River in 1983—2007.

distribution pattern of saprobity index in the middle
reaches varied slightly within the 20-year-long period.
Atendency for a drop in saprobity index is still seen for
the river part from the China boundary to the conflu-
ence with the Borisovka River upstream Ussuriisk.
Near Ussuriisk and downstream, there is a new rise in
saprobity index, which was greater in 1989 than
in 2009.

DISCUSSION

Rivers of Primorskii krai are characterized by simi-
lar natural—climatic conditions and water regimes. In
connection with this, water mineralization may be
used as an indicator of anthropogenic impact, because
municipal and industrial wastewater contains more
dissolved salts when compared to ultrafresh river water
of the southern part of the Far East [14]. Water and
periphyton samples were taken from the studied rivers
at similar water regimes, so the revealed variations in
mineralization of small rivers and water streams within
the specified groups (Fig. 2a) reflect the local variabil -
ity of anthropogenic impact and landscape features of
drainage areas. For example, the Borisovka River is
characterized by a water mineralization of 92 mg/L
(mean mineralization for the group is 57 mg/L),
which corresponds to the greater agricultural develop-
ment of its catchment area and higher population den-
sity. The effect of anthropogenic impact on mineral-
ization is confirmed by the fact that it grows in areas
downstream from the settlements [ 14, 15]. The miner-
alization of the examined river water is still lower than
150 mg/L at MPC 1000 mg/L [6]. The quality of river
water in the Primorskii krai is satisfactory despite the
rise in water mineralization and the content of macro-
ions as a result of anthropogenic impact.

Specific features of the distribution pattern of the
content of dissolved nitrogen compounds (lowest con-
tent in mountain rivers of the southwestern and the
southeastern regions, high content in rivers of the west-

ern region, and greatest content in the Razdol’naya
River) are related to plain type of rivers on the western
macroslope and different development levels of catch-
ment areas. Among dissolved phosphorus compounds,
only the content of the organic phosphorus com-
pounds is considerably higher in the Razdol’naya
River when compared to other rivers. This testifies
obviously to the greater discharge of communal and
agricultural waste water. Despite the different anthro-
pogenic impact, the content of biogenic substances in
all rivers of the Primorskii krai remains lower than
MPC (Table 2). The sole exception is represented by
COD, whose content exceeds MPC in some water
streams (15 mg O,/L).

The significant correlations between COD and the
content of dissolved organic phosphorus and between
the contents of ammonium and nitrate nitrogen are
only seen in the Razdol’naya River (Figs. 3a, 3b). This
reflects the obviously similar anthropogenic genesis of
a great number of biogenic substances, including dis-
solved nitrogen compounds, in this river contrary to
the other studied water flows. A correlation between
COD and ammonium nitrogen is also revealed in riv-
ers of the western and the southeastern regions
(Fig. 3c), which testifies to sensitivity of these param-
eters to anthropogenic impact.

Therefore, the Razdol’naya River with greatest
population density in its catchment area is character-
ized by the most pronounced anthropogenic transfor-
mation of its hydrochemical features. For the other
studied water flows, a correlation between water
chemical composition and population density is not
revealed. This is even the case for the content of
ammonium nitrogen and COD, which are most sensi-
tive to anthropogenic impact. Low general population
density in Primorskii krai is a possible reason of the
absence of this correlation. A close relationship
between population density and contamination rate of
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river water may be only revealed for more populated
areas [24].

Growth characteristics of periphyton algae differ
considerably within the specified regions. The smallest
alga amount (lower than 10 milliard cells/m?) and bio-
mass (lower than 10 g/m?) are typical for the purest
small mountain rivers and lower reaches of the
Razdol’naya River. At moderate contamination levels,
these characteristics rise to 146 milliard cells/m? and
64 g/m?, respectively. These differences make it diffi-
cult to use alga number and biomass for water quality
assessment. It may be assumed that indexes of species
diversity (those calculated from number of diatoms,
Hy, in particular) are more promising. In small water
streams with low water quality (the Vassianovka, Soro-
chevka, Novorudnaya, and Nezhinka rivers), a drop in
Hp, is revealed (Figs. 4a—4c). Nevertheless, the Hy,,
index in the Razdol’naya River is rather high (Fig. 4g),
which restricts its use as an indicator of river-water
quality [19]. We have not revealed statistically signifi-
cant correlations between hydrochemical characteris-
tics and alga number or index of species diversity.

Saprobity indexes .S are most informative indica-
tors of river water status in Primorskii krai, which cor-
responds to data obtained in other regions [7, 17, 26].
According to the approach by Pantle and Buck modi-
fied by Sladechek, all the investigated rivers are
assigned to oligo- and 3-mesosaprobic zones and are
classified as pure or slightly contaminated water flows
of the second or the third classes. Indexes S are suffi-
ciently stable within the specified groups of water
flows: variation coefficient ranges from 5% in rivers of
the southwestern region to 12% in water streams on
the western macroslope of the Sikhote-Alin’ Ridge.
Mean indexes for rivers of different groups do not dif-
fer significantly, and a higher value is only obtained for
the Razdol’naya River (Table 2). The saprobity index
correlates with only one of all hydrochemical charac-
teristics—the content of ammonium nitrogen
(Fig. 3d)—a most definite indicator of anthropogenic
eutrophication of fresh water.

The species composition of periphyton algae was
determined several times along the entire part of the
Razdol’naya River from the Russian—China boundary
to the river mouth within the last 20 years. There are
few rivers in the Far East which are as comprehensively
studied. A rather high saprobity index in the middle
reaches testifies to the continuing input of excessive
amount of organic matter from the area of China.
Contaminated water is then partially diluted upper
Ussuriisk, and discharges from this city play an impor-
tant role in water contamination in the lower reaches
of the river. The smaller rate of the rise in saprobity
index in the Razdol’naya River downstream Ussuriisk
in 2009 when compared to 1989 agrees with the ten-
dency for a drop in COD as a result of the installation
of purification facilities in Ussuriisk (Fig. 5b) [15].
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CONCLUSIONS

An analysis of the correlation between hydrochem-
ical characteristics and species composition of periph-
yton algae in 25 ultrafresh rivers of Primorskii krai has
shown that total mineralization, COD, and the con-
tent of ammonium compounds of dissolved nitrogen
most definitely reflect total anthropogenic impact.
The organic compounds of dissolved phosphorus and
nitrates may also be used as indicators of high anthro-
pogenic impact (on the Razdol’naya River). The well-
pronounced correlation between hydrochemical char-
acteristics and number, biomass, and species diversity
of periphyton algae is not revealed for the studied riv-
ers. Only saprobity indexes correlate with the content
of ammonium nitrogen. A correspondence between
the trend for change in saprobity index in the
Razdol’naya River within the last 20 years and the
dynamic of input of contaminants to the river is
revealed.
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KOMIINTEKCHAA OIEHKA KAYECTBA PEYHbBIX BO/I

IMPUMOPCKOI'O KPAA PO 110 XUMHNYECKUM XAPAKTEPUCTUKAM

n COCTABY BOI[OPOCJIEﬁ INEPUOUTOHA
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IMpoananu3npoBaHbl TaHHBIE TTO XUMUUECKOMY COCTaBY BOJ M BUIOBOMY COCTaBYy BoAopocei rnepuduto-
Ha B 25 pekax [Ipumopckoro kpast P® ¢ pa3nnyHbIM ypOBHEM aHTPOITOreHHOM Harpy3ku. [TokazaHo, 4To
XITK u conepkaHue aMMOHUITHBIX ()OPM PaCTBOPEHHOTO a30Ta — HauboJiee OJHO3HAYHbIE TTOKA3aTeIn
o0l11eit aHTpororeHHoi Harpy3ku. B p. PaznonbHas, rae aHTpornoreHHas 3BTpodukalusi MaKkCMMaibHa, ee
WHIMKATOpaMU MOTYT TakXKe BBICTYNaTh OopraHudyeckue (GopMbl pacTBOpeHHOro (ochopa U HUTPATHI.
YucneHHOCTh U OGMoMacca Bojopociieit nepuduToHa BeCbMa U3MEHUYMBA Jaxe B MpejaeiaX ONHOTUITHBIX
BOJIOTOKOB. BMmoBOIi cocTaB BOIOpOC/ell U paCCYUTAaHHBIM HAa ero OCHOBE MHIEKC caripoOHOCTU Oosiee
crabuinbHbl. MHOEeKC canpoOHOCTU NEMOHCTPUPYET MEHbBIIYIO MPOCTPAHCTBEHHYIO U3MEHYMBOCTH IO
CpaBHEHUIO C MTOKa3aTeIIMU XMMUYECKOTO cocTaBa. TeM He MeHee, HabIroaaeTcsl KOppesiliMOHHas CBS3b
MeX1y MHJIEKCOM CalipOOHOCTU U COJIep>KaHUEM aMMOHUMHBIX (hOPM a30Ta, a TAK>Ke COOTBETCTBUE MEXKILY
TPEeHI0M U3MEHEHUs UHIIeKca canipoOHOCTH B p. PaznonbHas 3a nocneqnue 20 JieT U IMHAMUKOM TTOCTYII-
JIEHUS B PEKY 3arpsi3HEHUIA.

Karouesbie cro6a: XUMUIECKUI COCTAB BOI, OHMOTe¢HHBIC BEIICCTBA, KAYECTBO BOI, BOOOPOCIN HepI/I(I)I/ITOHa,

HWHJIEKC canpoOHOCTU, peku [Tpumopnbs.

DOI: 10.7868/S0320965215010143

BBEAEHUE

OrneHKa KagecTBa IMPEeCHBIX BOI 0 XUMUYSCKUM U
OMOJIOTUYECKUM TIOKa3aTesisiM BBeJAeHa B CHUCTEMY
MoHuTopuHra lockomruapomerom P® B 1972 1
[9, 10]. B kauecTBe OMOJOTrMUYECKUX WHAUKATOPOB
COCTOSTHMSI TIPECHBIX BOJ MCIIOJB3YIOT XapaKTepHu-
CTUKM IUIAHKTOHA, Nepru(UTOHA, 3000€HTOCA U PBHIO
[10]. K Haubomnee pa3paboTaHHBIM OTHOCSITCSI METO-
MKW U3YIeHUS OTKJIMKA BOJOpOCei mepuuToHa u
IUTAaHKTOHA Ha 3arpsi3HEHNE BOIOEMOB 1 BOIIOTOKOB.
Hctopust mpumeHeHusl Boaopociieil nepuduToHa
JUISI OLIEHKU CaIllPOOHOCTH (CTENEeHM OPraHu4YeCKOro
3arpsi3HeHUsT BomoeMoB) HacuuThiBaeT >100 et [22].
B ctpanax EC u CIIIA pa3paboraHo 00Jee OIBYX Jie-
CSTKOB MHJEKCOB JJIsl OLIEHKU CTENeHU 3arpsi3HEHUSI
BOJI, C MCTIOJIb30BAaHUEM BOIOpOCeli (B OCHOBHOM Aua-
TOMOBBIX) B KayecTBe OuomHaukaTopos [18, 23, 28].
OpHako MHOTrooOpa3ne OMOJIOTUYECKNX WHINKATO-
POB OrpaHUYMBaeT BO3MOXKHOCTU TTPOBEIECHUSI CpaB-
HUTEJBHOTO aHajau3a pe3yasratoB. Kpome Toro,
0oJTBITIOE 3HAYCHHNE MMEET COOTBETCTBHE MEXKITY THI-
poOMOJIOTMYECKUMU MOKa3aTeJsIMU U XUMUYECKUM
COCTaBOM BO, HO pabOT IO KOMIIJIEKCHOM OIIeHKe

COCTOSTHUSI BOJHBIX 3KOCHMCTEM HEIOCTAaTOYHO
[16,21]. OuyeBUAHO, YTO COMIACOBAHHOCTb WU
omnpeaejeHde CTEINEHU HECOTJTaCOBAHHOCTU MEXIY
XUMUIECKUMHA U TUAPOOHMOTOTMYESCKUMH TTOKa3aTe-
JIAMU MOXKET 3HAYUTCIIbBHO IMTOBBICUTH HAJACXKHOCTDb U
3KOJIOTUYECKYIO 00OCHOBAHHOCTb OLICHKU KadyeCcTBa
BOI, a TAKXKE BBIIBUTH HanOoJIee aaeKBaTHBIA HA0Op
NHANKATOPOB COCTOSAHMA BOAHBIX O6’beKTOB.

Ilens pa®bOThl — KOMILUIEKCHBIN aHAJIN3 XUMUYE-
CKOT'0 COCTaBa BOJ M COCTOSIHUSI BOIOPOCIEN Tepu-
¢utoHa pek IIpnMopbs ¢ pa3TMYHBIM YPOBHEM aH-
TPOIIOT€HHOI HAarpy3Ku IS BbIAEJACHUSI HauOoJjiee
MHMOPMATUBHBIX MAapKePOB KayeCTBa PEUYHLIX BOJ;
OlleHKAa I10 3TUM ITOKa3aTe/sIM TSHACHIIUU U3MEeHe-
HUSI COCTOSIHMSI HanboJiee aHTPOIIOT€HHO Harpy>KeH-
HOI0 BOJIOTOKA pernoHa — p. PazmosbHast 3a mocnen-
Hue 20 ner.

MATEPUAIT 1 METObl NCCIIELJOBAHUA

B BecenHe-netHuii nepuon 2009—2011 rr. oro-
OpaHbI TTpoObI MeprudUTOHA U BOABI C 43 CTAaHLIMIA Ha
25 pekax IIpumopckoro kpasi, BKIO4asi KpPYITHBIE
peku (buxkuH, bonbiias Yccypka, PaszmonbHast) u

2%k
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Taoauma 1. Kparkast xapakTeprcTiuKa BOOOTOKOB [IpuMopbst

. [Tnomans CpenHeroaoBoit HHOTHOCTI’*
Patton Pexa GacceitHa, KM> | pacxoj BOIbI*, M3/c Haceﬂeﬂm{; >
Yyes./KM
IOro-3anagHbrit LlykaHoBKa 170 3.9 4.3
Ps3aHoBka 148 2.7
IMoiima 85 1.7
Kenposas 56 0.8
Amba 242 6.1
Hexunka 76 0.91
BboprcoBka 1560 7.8
IOro-BocToYHBII ApTeMoBKa 894 6.3 8.5
IIIkoToBKa 706 5.7
JlutoBKa 107 1.07
Hosopynnas 25 0.25
ExatepuHoBka 44 0.44
IMagp IIupoxkas 9.6 0.10
ManaHKuHa 22 0.18
CumoHoBa 1.9 0.02
3amnanHbiit (ckiioH CuxoTa-AnuHs)| CHerypoBka 473 2.4 13.1
BaccuanoBka 233 1.2
YepHUroBka 121 0.61
Menseauna 42 0.34
CopoueBKa 114 0.57
3osoToit 46 0.37
Ka6apra 763 7.6
Bacceiin pex
PasnonpHast PasmonpHast 16800 71.9 29.9
bonbiias Yecypka b. Yccypka 29500 351 2.2
bukun bukun 21400 238 1.4

* PaccumTaH 110 padore [4].
** Jlanusle 2010 . mo pa6ore [13].

MaJible BOJOTOKU, PACIOJIOXKEHHbIE B pailoHax ¢ pa3-
JIMYHBIM  yYPOBHEM  XO3SIMICTBEHHOTO OCBOCHMUS
(Tabm. 1). B xauecTBe MepHI aHTPOIIOTEHHOI Harpy3-
KM MCIOJIb30BaHA TJIOTHOCTh HaceJieHUsI aiMWUHU-
CTPATUBHBIX SAWHULI, PACIIOJIOXKEHHBIX Ha BOJIOCOO-
pax [13]. Jlna usyyeHHoi#t Tepputopuu IIpuMopbs
BbIIEJIEHBl TPU MPUPOJHO-XO3SIMCTBEHHBIX palioHa
(roro-3amagHeblif, Oro-BOCTOYHBIN, 3alagHbIi), a
TaKXXe y4acTKU BogocbopoB pek PazmonbHas, b. Yc-
cypka u buxkun. Pexa Pa3zmonbpHasi, B KOTOpOii BUIO-
BOI cocTaB aibrojophbl AeTaJbHO U3y4eH B 1989—
1997 rr. [5], obcnenoBaHa B Mae u B aBrycte 2009 .
I1po6nl oTOMpaIn Ha CTAaHUUAX 4—6 HUKHEro Teve-
HUS, PACIOJIOXEHHBIX Ha Y4acTKe OT IpaHUIIbl C
KHP no yctbeeBoii 30HEI (puc. 1).

Ha mecre otGopa 1mmpo0 IpoBOIMIN (PUIIETPAIIIIO
BOBI yepe3 KarcyiabHbie GrisTpel GWV Pall™ ¢ paz-

mepom 1iop 0.45 Mxm, uzmepenust pH u anekrporpo-
BomHOCTU. DUIBTpaThl KOHCEPBUPOBAIM XJI0pPO(POp-
MOM ¥ aHAJIM3UPOBAJIM B CTAIIMOHAPHOI JJabopaToOpuu,
WUCTIOJIb3Y$ CTaHIAPTHBIE CIIEKTPO(MOTOMETPUIYECKIE
U xpomarorpadpuiyeckrue MeTOAbl ONpeacAeHUST HUT-
paTHOro 1 aMMOHMIHOTO a30Ta, MUHEPAIbHBIX U Op-
ranmdecknx GopMm pacTtBopeHHoOro ¢ocdopa, pac-
TBOPEHHOTO KPEMHUSI U COJAEpKaHUS MaKpPOMOHOB
[8]. dnst onpenenenust XI1K mcronb3oBain He(UIb-
TPOBaHHYIO BOJIY.

ITpo6r1 Bomopociield oTOMpanu Mo CTaHAAPTHBIM
MmeToaukam [2, 12], KamepajibHY10 00pabOTKY MPOBO-
IVJIM TIOJ CBETOBBIMM MUKpockKoramMu Axioskop 40
(“Zeiss”, oobekTunbl x40/0.65 u x100/1.25 oil) u
Alphaphot-2 YS-2 (“Nikon”, o6bekTHBEI x40/0.65 n
x100/1.25 oil), niaa ompeneneHUs BUIZOBOM IIpUHAI-
JIEXKHOCTHU BOAOPOCJIEN UCITOJIb30BAI COBPEMEHHbIE

BUOJIOTUA BHYTPEHHUX BOO Ne 1 2015
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Puc. 1. Cxema paitoHa pabot: / — Mmecta oT60opa mpod Boabl 1 Bogopociieit mepudurtona; 1 — CHerypoBka, 2 — BaccuaHoBka,
3 — Yepuuroska, 4 — Menseauia, 5 — CopoueBka, 6 — 3osorast, 7 — Kabapra, 8 — LlykaHoBka, 9 — Ps3zanoBka, 10 — IToiima,
11 — Kenposast, 12 — Am6a, 13 — Hexunka, 14 — Bopucoska, 15 — ApremoBka, 16 — IlIkotoBka, 17 — JIutoBka, 18 — HoBo-
pynHas, 19 — EkatepunoBka, 20 — IManp [lupokas, 21 — ManankuHa, 22 — CumoHOB, 23 — [lontaBka, 24 — Maneeska, 25 —
Teoprueska, 26 — bopucoBka, 27 — Yccypuiick, 28 — TepexoBka, 29 — PaznonbHoe.
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Ta6muma 2. TuapoxuMmudecKkast M carpoOroJIorniecKast XapaKTepUCTHUKA PEYHBIX BOJ MCCIIeIOBaHHBIX paitoHoB [TpuMo-

pbd (CpeaHUe BeJIMUYMHBI CO CTaHAAPTHBIM OTKJIOHEHUEM)

Paiton Pexa
Tloxasarens FOro-Boctou- | FOro-3anan- b. Yecypka, |( Hé] > 9
. an 3amnaaHbIi PaznonbHas ’ ypKa, |(no padore [9]
HBII HBIA buxkuu
KonuyectBo nmpo6 10 7 12 11 3
DJIEKTPOIIPOBOTHOCTD, 58 £ 18 56 £19 67 £26 101 £ 20 44 + 2 —
MKCM/cM
MuHepanuzauus, Mr/J1 57+ 19 57 £22 72 £ 28 91+ 17 52+3 1000
NH,, mr N/x 0.04 +0.03 | 0.02 +0.02 0.08 £0.08 0.09 £0.07 0.07 £0.02 0.4
NO;, mr N/n 0.32+0.24 0.05 = 0.08 0.12+0.19 0.33+0.24 0.17 £ 0.06 9.1
P> MKT/TT 12+£7 63 75 13£11 7£5 50
Poprs MKT/IT 114 7+3 11£3 215 12£10 -
Si, Mr/n 54£15 7.3%£26 6.2+23 41%26 53£03 —
XIIK, mr O/n 8.8+29 4.3+3.2 17.5+10.8 19.5+8.7 13.2+2.0 15
Nupaekc canpoGHOCTU 1.41 £0.15 1.42 +0.08 1.52+0.18 1.58 £ 0.09 1.45£0.16 —

IMpumeuanue. ZKupHbIM mIpuhTOM BbIIEJICHBI 3HAYEHUST ITOKA3aTeJIsl, 3HAYMMO pa3IMJaloInecs 1o Kputepuio MaHHa— YUTHU.

cuctematnyeckue cBoaku. buomaccy Bomopocieii
onpene/sin CYeTHO-00beMHBIM MeTonoM [2]. Ilpu
OLICHKE CTPYKTYPHI aJIbIOLICHO30B BBISIBJICHBI KOM-
TUIEKCHI TIpeobJiafatoliuX BUAOB C YYETOM YaCTOThI
MX BCTPEYaeMOCTH 10 IecTuOautbHOM mKane [3]. K
MTOMWHAHTaM OTHECEHBI TAKCOHBI C YaCTOTOI BCTpE-
gaeMocTH 6 (“Macca”), K CyOmOMMHAHTaM — C OIleH-
Koit oomnus 5 (“o4eHb 4acTo”), IIPU OTCYTCTBUU BU-
JIOB C BBICOKMMMU MOKa3aTeJsiMu 00uIusl mpeodiaaa-
IOIIMMUM  CUYUTAJIM TAaKCOHbI C MaKCUMaJbHOM
YacTOTOM BCTpedaeMOCTH. BumoBoe pasHooOpasue
BOJIOPOCIIEH OIIEHNBAIM C TTIOMOIIBIO MHIeKca [leH-
HOHa—YuBepa [29], pacCUMTaHHOIO IO OOIIei YKc-
JIeHHOCTU (H) U 4uCIeHHOCTU AUAaTOMOBBIX (Hp,.).
Wunexcel carpooHocTH (S) ompenesieHbl METOIOM
ITantne—bykk [27] B Monudukaiuu Crnanedeka [11,
30] o cocTaBy BUAOB-UHANKATOPOB OPTaHUYECKOTO
3arpsi3HeHus. It oTipeneeHus OTHOIIIEHUS BUIA K
CcannpoOMOIOTMYECKOM TPYIIe U ero MHIAMKATOPHOMN
3HAYMMOCTHU UCMOJb30BAIN JUTEePATypHbIE NaHHbIE
[1, 12, 20, 25, 31, 32].

IIpu craTmcTdeckoit 0OpadbOTKe MCIOIH30BAIIN
nakeT MiniTab 14, ipu olieHKe JOCTOBEPHOCTH pa3-
JINYMSI CPEeIHUX — HemapaMeTpUYeCKUl KpuTepuii
ManHa— YUTHU 1151 MaJIbIX BLIOOPOK.

PE3VJIBTATBI NCCIIEAOBAHUA

Boapbl pek IIpumopckoro kpasi, Kak mpaBuJio, OT-
HOCSITCSI K yJIbTpampecHbIM  (MUHepaau3alus
<100 mMr/n) ¢ ruagpokapOOHATHO-KaJbILIUEBbIM WU
TMIPOKapOOHATHO-KabIIUEBO-HATPUEBBIM  TUTIOM
MUHepanu3aluu (Tadiu. 2). B npenenax BbIAEIEHHBIX

palioHOB MUHEpaIU3alvsl PEYHBIX BOJ U TIPSIMO CBSI-
3aHHasl ¢ Hell BJeKTPONPOBOJHOCTh U3MEHSIIOTCSI B
2—3 pasza, ocraBascb npu 3ToM <100 Mr/m wu
<100 MxCM/cM cooTBeTCTBeHHO (puc. 2a). Uckiio-
YeHUe COCTaBJISIIOT peKu Measenuiia 1 BaccuaHoBka
¢ MuHepanusanueii 115 u 137 Mr/n, pacroioskeHHbIe
Ha 3armagHoM MaKpockKioHe Xp. CHUxor3-AJMHb U
JIPEHUPYIOLINE XO35IMCTBEHHO OCBOEHHbBIE BOAOCOO-
phl. B p. PazgonbHas MuHepaau3alus U coaepKaHue
BCEX MaKpOMOHOB TaKKe 3HAYMMO BEIIIE, YeM B
OOJIBPIIMHCTBE APYTUX UCCIENOBAaHHBIX peK (TadiI. 2).
CogaepxaHre MaKpOUOHOB, OCOOEHHO KAaTHUOHOB,
KOppeJMpPYeT C BETUIMHOM MUHEPAIU3alU1 BO BCEX
U3YYEHHbBIX BOAOTOKaX (puc. 26—2¢e).

KoHueHTpaliusi 6MOreHHBIX BEIIEeCTB B HU3y4eH-
HBIX peKax 0ojiee U3BMEeHUYMBa, YeM MMHepaInu3alus
WM colepkaHue MaKpouoHOoB (puc. 3). Uckimoue-
HUE COCTaBJISIET pACTBOPEHHBIN KpEMHUM, KO3 hu-
LIMEHT BapUallui KOTOPOTO JJIs1 Bceli BHIOOPKM paBeH
41%, 9TO CpaBHUMO C BapuabeIbHOCThIO MUHEPAJIH -
3allM1 U MaKporoHOB (Tabi1. 2). KoadhduiimeHTs Ba-
pHalMM KOHIEHTpAIIMKU pacTBOpeHHBIX popm N u P
B pekax [1pumopsbs >100%. MuHuManbHasT cpeaHss
KOHIIEHTpaLsI aMMOHMIHOIO a30Ta OTMeYeHa B pe-
Kax I0ro-3aIiajHoro M IOT0-BOCTOYHOTO paiiOHOB,
MOBHILIEHHAs — B BOJIOTOKAX 3ar1aJJHOTO MaKpPOCKJIO-
Ha xp. Cuxor3-AjnuHb, MakcuMalibHasi — B p. Pa3z-
noJibHas. J1J1s1 peK 1oro-BOCTOYHOTO U I0T0-3araaHo-
ro palilOHOB TaKXKe XapaKTepHbl HEBLICOKME BEJTUYM-
Hbl XITK, Torna kak B p. PazmonbHas 1 MojioBUHE peK
3amagHoro MakpockigoHa XITK cyiiecTBeHHO BbIIIE
(Tabu. 2).

BUOJIOTUA BHYTPEHHUX BOO Ne 1 2015



KOMIIJIIEKCHAA OLIEHKA KAYECTBA PEYHBIX BOJ, 23

a

MKCM/cM
X
©
120 - -
Bep I
©
o a Dg
- A
R - 3
A x5
1 |
MT/J ¢
16
4 -
| |

0

MT/T

20 -

MT/7

Puc. 2. CBs13b MUHepaau3aluu (0Ch abCIIMCC) W 3JIEKTPOIIPOBOTHOCTH (a) peK 3amamHoro (/), roro-3armagHoro (2), 1oro-Bo-
crouHoro (3) yuactkoB [Ipumopss, pek PazmonbHas (4), bukun u Bonbinas Yecypka (5), a Takke 3aBUCUMOCTb KOHIIEHTPALUU

MakporoHOB SOy (6), Ca (6), Na (e) oT MUHEpaIA3ALINN.

Tonbko B p. PazgonbHass oTMedeHa MOIOXKUTETb-
Has cBsa3b Mexxny XITK m KoHLeHTpanmeir pacTBo-
pEeHHOro opraHudyeckoro ¢ocdopa, a TakKKe MeXIy
colep>XaHUeM aMMOHUIHOTO W HUTPATHOTO a30Ta
(puc. 3a u 36). Cea3p XI1K ¢ aMMOHUITHBIM a30TOM
oOHapyxXeHa ellle 1 B peKax 3allaJHoro M lro-Bo-
CTOYHOTO paiioHOB IIpumopss (puc. 36).

B cocraBe mepudurtoHa BogoTokoB IIpumopbs
BBISIBIIEHO 163 Buaa (C y4eTOM BHUIOB, pa3HOBUIHO-
creit u popm — 170 TaKCOHOB) BOIOPOCIIEiT, OTHOCS -
mmxcs K mectu otaenam: Cyanoprokaryota, Chryso-
phyta, Xanthophyta, Bacillariophyta, Rhodophyta u
Chlorophyta. Han6omee pazHooOpa3HbI AUaTOMOBEIC
M 3€JCHbIe BOOOPOCIM, COCTABJISIIOIINE COOTBET-
cTBeHHO 82 u 12% o61ero crnucka ajabrodiophl.
HaubGosnblee KoTu4ecTBO BUIOB, pa3HOBUIHOCTE!N 1
¢dopmMm conepxat poasl Gomphonema — 15, Nitzschia —
13, Navicula — 10 u Eunotia — 9.

Bricokas yacrora BCTpe4aeMOCTU OTMEUEHa JIJIsT
31 BUIa CMHE3eIEeHBIX, TMATOMOBBIX U 3€J€HBIX BOIO-
pocneii (Tabn. 3). B ocHOBHOM 3T0 MHAMGMOEPESHTHI
10 OTHOIIEHMIO K COJICHOCTH, aJIKaJIn(UiIbl, 0eHTOC-
HBIE U IIIMPOKO PACIPOCTPAaHEHHbIE BUAbI, OJIUTO- U
[B-me3ocamnpoObbl. B mpenenax Kaxmnoro u3 Tpex Mmpu-
POIHO-XO3SICTBEHHBIX PailOHOB B ITepU(PUTOHE BO-
JIOTOKOB HAaOII0gaeTcs CXOACTBO COCTaBa MpeobJa-
JalOIIMX TMaTOMOBBIX KOMIIJIEKCOB U MacCOBOE pa3-
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BUTHE ITIPEACTAaBUTEINISI CUHE3eldeHBIX (Homoeothrix
varians). B pekax 3amagHoro ckjioHa xp. Cuxors-
AJIMHBb K YUCTy JOMUHUPYIOIIMX Yallle BCEro OTHO-
csarcst Gomphoneis olivaceum n Achnanthidium minut-
issimum, 1oro-3anagHoro IlpumMopsst — Nitzschia pa-
leacea n Cymbella affinis, oro-BoctouHoro Ilpumo-
pos — G. olivaceum n Encyonema silesiaca.

B BomoTokax ITpuMopbst mpeacTaBiIeHbl KaK IMO-
JIMIOMUHAHTHbBIE, TAK 1 MOHOJIOMUHAHTHEIE aJIbIro-
coo0IIecTBa. DTO MTOATBEPXKIACTCS IMUPOKUMMU U TIe-
PEKPBIBAIOIINMUCS MHTEPBaJaMU MHIEKCOB BUIOBO-
ro pasHooOpasus. Benmunnbr H cocraBuiu 0.80—
3.79 B pexkax 1oro-3amnamgHoii yactu, 0.89—3.23 — 1oro-
BocTouHOl, 0.80—3.20 — 3amamHoOW, a BEJIUYUHBI
Hg,. — 2.05-4.02, 1.02—2.45 n 1.57—4.11 cooTBeT-
cTBeHHO. Ha pa3Hbix yuacTkax p. PazmonbHas 3Have-
Hust H Bapbupytor ot 1.05 1o 3.92, Hy,. — ot 3.36 no
4.18 (puc. 4).

ITo yncneHHOCTU B COCTaBe ajlbrOlIEHO30B MPe00-
JIalaJiu CUHe3eJIeHble, M0 OuoMacce — TMaTOMOBBIC
Bomopociu. O6Ime YMCIeHHOCTh M G1oMacca 3Ha-
YUTEJbHO BapbUpPOBAIM B peKax pa3HbIX pPalioOHOB
(puc. 4). Hanbomee Hmskue mokaszarenu (ot 0.16 oo
8.3 Mapa ki1./M? 1 ot 0.2 10 0.6 r/M?) OTMEYEHBI I
MaJIbIX TOPHBIX BOJOTOKOB IOTO-BOCTOYHOI YacTu
IMpumopsst. UckmoueHne B 3TOI TPyIIe COCTaBHIIA
Majiasi paBHMHHas p. MaHaHKuWHa, ApeHUpYollas
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Puc. 3. CBs13b aMMOHUMIAHBIX (OCh a0CILIMCC) M HUTPATHBIX (0Ch opauHaT) hopm a3ota (a); XI1K (och opaMHAT) U OpraHU4YeCKUX
dopm docdopa (ock abermcce) (6); XITK (ock oparHaTt) n aMMOHUITHBIX (hopM azoTa (och abciucce) (6) B pa3nnyHbIX pekax [1pu-
MODbsI, a TAKKe CBSI3b MEXIIy COllepXKaHUeM aMMOHUITHOTO a30Ta (OCh OpAMHAT) U UHAEKCOM caripoOHOCTH (OCh abcumcc) (2).

OcrayibHble 0003HaYEHMSI, KaK Ha puc. 2.

aHTPOIIOTEHHO OCBOEHHLIN BomocOop (puc. 46). B
p. PaznonbHast 4mcieHHOCTh 1 GuoMacca U3MEHSUIUCH B
nipenenax 0.15—8.0 mupa ki1./m?u 0.02—18.2 r/M? coot-
BETCTBEHHO (pUC. 42).

K mnokazaTtenssM canpoGHOCTM BOABLI OTHOCSTCS
109 BUOOB U pa3sHOBUOHOCTEN Bomopocneit, wim 75%
o611ero yrciia TakcoHoB. CamMble MHOTOYMCIEHHBIE —
onmuro- (30%) u PB-me3zocanpodsl (27%). UHnekchl
carpoOHOCTU U3MEHSTIUCH OT 1.15 1o 2.04 (puc. 3e).

CpaBHeHME pe3ybTaToOB OMpeesieHNsI BUIOBOTO
cocTtaBa Bogopociieii mnepuduUTOHA MO TEYSHUIO
p. PazmonbHast OT pocCUIICKO-KMTANCKOM TpaHMIIBI
1o ycths B 1989 1. [5] 1 2009 1. (puc. 5a) moka3bIBaeT,
YTO BEJIMYMHA U XapaKTep paclipelcaeHUsI MHAeKca
CalpoOOHOCTU B CPEAHEM TEUYEHUM PEKU 3a TMOCHEMd-
Hue 20 yner m3MeHWwInch Majio. Ilo-tipexxHemy Ha-
OJrogaeTcs TeHACHUIMS K CHYDKCHHWIO BEJIMIMHBI MH-
nekca canpooHocTtu oT rpaHuibl ¢ KHP no cnussHus
¢ p. bopucoBkoii Beillle . Yccypuiicka. B paiioHe
. Yccypuiicka W HUXKE TI0 TEYSHUIO BEJIMYMHA WH-
JIieKca carpoOHOCTH BHOBB Bo3pacTaeT. [Ipu atoM B
2009 . cTerieHb yBEIMYSHUSI MHACKCA CAlIpOOHOCTHU
OblIa MeHbIIIe, yeM B 1989.

OBCYXIEHMUE PE3VYJIIbTATOB

TIpu GIU3KMX MPUPOIHO-KIMMATUYECKUX YCJIO-
BUSIX U BOITHOM pexkuMe pekK [IpuMopbst MUHepasm-
3a1MsI MOXKET CITy>KUTh IoKa3aTeJIeM aHTPOIIOTeHHOM
Harpy3KM, IOCKOJbKY KOMMYHAaJIbHBIE U ITPOMBIIII-
JICHHBIE CTOKHU COAEPKAT OOJIbIIIE PACTBOPEHHBIX CO-
JIeli, 4YeM yJIbTpallpeCcHbIe pedHbIe BOAbI 1ora JanbHe-
ro Bocrtoka [14]. ITpoGBI Bogsl 1 riepuUTOHA B UC-
CJIEIOBAaHHBIX peKax OTOOpaHbl TIPU CXOJHOM
BOOHOM PEXKMME, ITO3TOMY HaOII0IaeMble Bapraiuyi
MUHEpaJIu3aluyd MajablX PeK 1 BOJOTOKOB B IIpeaeax
BBIICJICHHBIX TPy (pUC. 2a) OTPaKaloT JTOKAJIbHYIO
M3MEHYMBOCTh AHTPOIIOTEeHHOI HArpy3Kud W JaHI-
madTHBIE OCOOEHHOCTH BOomocbopoB. Hampuwmep,
cpenu pekK [oro-zamnagHoro IIpuMopbs BblAEISIETCS
p. bopucoBka ¢ MmumHepanmuszaumein 92 mr/a (mpu
cpemHel Ijisi Tpynmbl 57 Mr/JI), YTO COOTBETCTBYET
OOJIBIIIEN CENbCKOXO3SIMCTBEHHOW OCBOEHHOCTM €€
BoJgocOopa u 6oblIeli TNIOTHOCTU HaceaeHus. Biu-
STHME aHTPOIIOTeHHOM HAarpy3KM Ha MUHEPAJIN3aIIIo0
MOJTBEPXKAAETCS yBEIMYEHUEM MOCIeIHE Ha yJyacT-
KaX, pacHOJIOXEHHBIX HIKE HACEJICHHBIX ITyHKTOB
[14, 15]. ITpu aTOM MUHEpaTU3aLMs N3YIEHHBIX ped-
HBIX BOJ TIpOJOJIKaeT ocraBarbcs <150 Mr/n mpu
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Taomuna 3. TpeobGramaroniye BUABLI BOgopoceil mepruduToHa B pekax [IpuMopbst 1 UX 3KoJIoro-reorpadudeckas u ca-

MpoOuoJIornuecKast XapakKTepUuCTUKHU

Bun Carnpo6- (I;I;upglgc_ Mecro- Tano6- pH E?;ggg__
HOCTb HOCTH obuTaHue | HOCTb -
Cyanoprokaryota
Calothrix braunii Bornet et Flahault o 1.0 B — — a—a
Chamaesiphon confervicola A. Braun x—B 0.9 B - - k
Homoeothrix varians Geitler o 1.0 B — — —
Phormidium autumnale (Agardh) Gomont B 2.1 B — — k
Tolypothrix distorta Kiitzing ex Bornet et Flahault 1.2 B — — k
T. tenuis Kutzing x—PB 0.8 B i — k
Bacillariophyta
Achnanthidium minutissimum (Kiitzing) Czarnecki b 2.2 B i i k
Asterionella formosa Hassall o 1.0 P i alf k
Cocconeis placentula Ehrenberg var. euglypta b — B i alf k
(Ehrenberg) Grunow
Cymbella affinis Kiitzing B—o 1.7 B i alf k
C. tumida (Brébisson) Van Heurck X 0.2 B i alf b
C. turgidula Grunow - — B — i k
Encyonema caespitosum Kiitzing —a — B i — k
E. silesiacum (Bleisch) Mann X—O 0.5 B i i k
Fragilaria capucina Desmaziéres o— 1.5 B—P i alf k
Gomphoneis olivaceum (Hornemann) Dawson ex B 2.0 B i alf k
Ross et Sims
Gomphonema angustatum (Kiitzing) Rabenhorst b 2.0 B i alf k
Hannaea arcus (Ehrenberg) Patrick 0.3 B i alf a—a
Melosira varians Agardh —B 2.7 B-P i alf k
Meridion circulare (Greville) Agardh o—Y 0.8 B hb alf k
Navicula avenaceae (Brébisson et Godey) Brébisson| o—f8 1.4 B i alf k
N. cryptocephala Kiitzing X 0.2 B—P i alf k
N. radiosa Kiitzing o 1.5 B i i k
Nitzschia brevissima Grunow B — B i i -
N. dissipata (Kiitzing) Grunow X 0.2 B i alf b
N. palea (Kiitzing) W. Smith a—B 2.75 B i i k
N. paleacea (Grunow) Grunow B 2.2 B—P i alf k
Ulnaria ulna (Nitzsch) Compére o—a 1.9 B i alf k
U. inaequalis (H. Kobayasi) M. Idei — — B — — —
Chlorophyta
Draparnaldia plumosa (Vaucher) Agardh B—o 1.6 B — — —
Microspora stagnorum (Kiitzing) Lagerheim B—o 1.6 P — — —

[Mpumeyanue. CanpoGHOCTD: ) — KCEHOCAIPOO, (—0 — KCEHO-0JIUrocanpod, 0—y — OJIUro-KceHocanpoob, y—f — KceHo-6eTame3oca-
po06, o — onurocarnpod, 0o—f — oauro-6erame3ocarnpob, B—o — GeTa-oauroMe3ocanpod, 0—ao — OIUTo-atbdamesocanpood, 3 — 6eta-
Me3ocarpob, f—o — 6eTa-anbhamesocanpos, oo—f — anbda-6etamesocarnpob. Mecroobutanue: P — rutaHkToHHBIe, B—P — 6eHTOCHO-
IUIAaHKTOHHBIe, B — 6eHTOCHBIE. [a106HOCTh: hb — ranodo6, i — unauddepeHt. OtHoueHue K pH: alf — ankanudun, i — unaUudde-
peHT. PactipocTpaHeHue: a—a — apKTO-aJIbIUICKUI1, b — 60opeabHbINi, K — KOCMOITOINT.
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Puc. 4. CootHomeHue umuciaeHHOCTH ([, MJIpI KII. /Mz) n 6uomaccel (2, 1/ M2) BoJopocieil TlepuduTOHa ¢ WHAEKCAMU
(6uT/2K3.): canpobHoctu (3), LlleHHOHa—YuBepa i AMaTOMOBBIX coob1ecTB (J), LLleHHOHa—YuBepa /U1l alIbrocoo011IecTB
C Y4eTOM BCeX OTae0B (4) pek 3anagHoro ckiioHa CUxoT3-AJnHb (@), I0r0-3anagHoro (6) U 1ro-BocTouyHoro (g) [Ipumopss u
p. PazmonbHas (e) B 2009—2011 rr. [To ocu abercc — HoMepa pek, Kak Ha puc. 1.

M/

40
1.8 E 2

20
1.4

B XTIK

——1 —m—2 —A—3 %4

25 27 29 1983 1987 1993 1997 2001 2005
Tonsl

Puc. 5. UsmeHeHue nHmekca carpoOoHocTu Boa p. PasmonbHas ot rpanunibl PO/KHP udepes 1. Yecypuiick (ct. 27) no c. Pa3-
nosbHOE (cT. 29) B 1989 (7, 2) 1 2009 . (3, 4) (a) n uaMeHUYnBOCTh cpenHeronoBbix 3HaYeHU XI1K n BITK B HU>KHEeM TeueHUMn
p. PaznonbHas ¢ 1983 mo 2007 rr. (6).
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IAK 1000 mr/n [6]. Takum 0O6pa3oM, XOTSI aHTPOTIO-
IFr€HHas Harpys3ka M BbI3bIBACT YBCJIMYCHUEC MUHEpaA-
JIM3ALIU U COAEPKAaHUSI MAKPOMOHOB, KAUECTBO peyd-
HbIX BoI [1prMOpBS He BBI3BIBAET HAPEKAHMIA.

OCOOCHHOCTH pacHpeIeaeHUs KOHIIEHTpalr
pacTBOpeHHBIX (hopM a30oTa (MUHUMAJILHBIN YPOBEHb
B TOPHBIX peKax I0ro-3aIagHoro 1 I0ro-BOCTOYHOIO
paliOHOB, MOBBIILIEHHBIN B peKax 3alaaHON 4acTu U
MaKCUMaJIbHbIN B p. Pa3zmoiibHast) oOycI0oBIeHbI Kak
0oJiee paBHUHHBIM XapaKTEPOM peK 3aIlagHOTO MaK-
POCKJIOHA, TaK 1 Pa3IMYHBIM YPOBHEM XO3SIACTBEH-
HOrO OCBOEHMsI BOmOCOOpoB. M3 pacTBOpPEHHBIX
¢opm P nuilib KoInM4yecTBO opraHu4YeckKux (hopm B
p. PazmonpHast 3HaYMMO BBIIIIE, Y€M B OCTaIbHBIX BO-
JIOTOKaX, YTO OTpaxkaeT, BEPOSITHO, MOBBIIIEHHYIO
pOJIb OBITOBBIX M CEJIbCKOXO3SIMCTBEHHBIX CTOKOB.
HecmoTtps Ha pasnuyue aHTPOIIOTEHHOI Harpy3Ku,
colepkaHue OMOreHHBIX BEIIECTB BO BCEX peKax
ITpuMopckoro Kpasi MpoIoJiKaeT OCTaBaTbCsl 3HAUM -
tenbHO Hrke [1K (ta6i. 2). EnmHCTBeHHBIN MTapa-
METp, KOTOPBIH IpeBLINIAcT B psiae BogoTokos ITJK
(15 mr O,/m), — XIIK.

3naunmast Koppensiiusi mexay XITK u koHleH-
TpalMell pacCTBOPEHHOTo opraHuyeckoro docdopa u
MEXJY Ccollep>KaHMeM aMMOHUWMHOTO U HUTPATHOIO
a3oTa, HaOmogaeMasi ToJbKo B p. PasmonbHas
(puc. 3a u 36) oTpaxaet, BEpOSITHO, €AUHBINA aHTPO-
MOT€HHBIU reHe3UC IIUPOKOTO Kpyra OMOTeHHBIX Be-
IIECTB, BKJIIOYasi paCTBOPEHHbIE (POPMBI a30Ta B 3TOM
peKe B OTJIMYME OT APYTMX M3YYEHHBIX BOIOTOKOB.
Caa3p XIIK ¢ aMMOHUMIHBIM a30TOM OOHapy>KeHa
elle M B peKax 3aIlaJlHOro U I0ro-BOCTOYHOTO paiio-
HoB [Ipumopsbs (puc. 38), UTO yKa3bIBaeT Ha MOBbI-
IIEHHYIO0 YYBCTBUTEJIBHOCTb K aHTPOIOTeHHOW Ha-
rpy3Ke UMEHHO 3THUX ITapaMeTpPOB.

Takum oOpa3om, B p. PazgonbHast mpu MakcH-
MaJIbHOM TUTOTHOCTH HacelIeHWs Ha ee Bomocbope
oOHapy:KeHbl HanOoJIee BhIPasKeHHbBIC TTPU3HAKNA aH-
TPOITIOTeHHOM TpaHchOpMallUM  TUAPOXUMUYECKUX
xapakTepucTUK. [TOMBITKM COOTHECTHM XUMUYECKUI
COCTaB BOJ APYTUX M3YYEHHBIX BOJOTOKOB C IJIOTHO-
CTBIO HaceJIeHUs Ha UX BOJOCOOpaxX He Jalau pe3y/ibTa-
Ta gaxke JJIs1 JAHHBIX M0 KOHLEHTPAlM aMMOHUITHO-
ro azora u XI1K — mapamerpoB, Hanboiee IyBCTBU-
TEJIbHBIX K aHTPOIIOTeHHOMY BozaeicTBuio. OOIas
HEBBICOKAs TIJIOTHOCTh HaceJIeHUsI Ha TeppUTOpUU
IMpuMopbsT — BeposiTHasI TpUYMHA TAKOM Heorpene-
JICHHOCTH. PernoHsl, Tae yaaeTcss ycTaHOBUTDH OTHO-
3HAYHYIO CBSI3b MEXIY HACeJ€HHOCThIO U YPOBHEM
3arpsi3HEHUST peYHBIX BO, Oojiee OOXUTHI [24].

INokazaTenmu pa3BUTHS BOOOpOCIIeit TTepruduTOHa
CYIIIECTBEHHO Pa3JINYaloTCs B UCCIENOBAaHHBIX BOIO-
TOKax Jlaxke B Mpejesiax BbIIeJeHHBIX pailoHOB. J1jis
HanboJjee YMCTBIX TOPHBIX MaJbIX PeK U IJIs HU30-
BbeB p. PaszgosibHas xapakTepHbl MWHUMAaJIbHBIE
yucneHHocTh (mo 10 mupn ki1./M?) U Guomacca
(mo 10 r/M?) Bomopocisei. IIpum IPOMEXYyTOYHOM
YPOBHE 3arpsi3HEHUS 3TU MMOKa3aTed MOTYT TOCTU-
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ratb 146 mupa ki1./m? u 64 r/m? coorBeTcTBEHHO. Ta-
KU€ pas3jinuusl 3aTPYIHSIIOT UCIIOIb30BaHME YUCIICH-
HOCTHY M OMOMACCHI IIJIs OIIEHKW KadecTBa Boa. Mox-
HO TIPEANOJIOKUTh, YTO Oojee TepCHeKTUBHBI
WHIEKCHI BUIOBOTO pa3HOOOpa3usi, B YaCTHOCTHU pac-
CYMTAHHBIC TT0 YMCJIEHHOCTH TUATOMOBBIX BOIOPOC-
Jeit Hy,.. B ManbIx BOIOTOKaX C TOHWXKEHHBIM Kaye-
ctBoM Bog (peku BaccuanoBka, CopoueBka, HoBo-
pynHasi, HexxuHka) oTMeueHO CHUXKEHUWE BEIWYMH
Hy,. (puc. 4a—46). OnHako B p. PaznonbHast nHaEKC
Hp,.10CTaTOUYHO BBICOK (puC. 42), YTO OTPaHUYUBAET
BO3MOXHOCTH €T0 MCTIOJIb30BaHUSI B KAUeCTBE MTOKa-
3aresisi YUCTOThl peyHbiX Bon [19]. CraTtuctuuecku
3HAYMMBIX CBSI3eU C TMIPOXMMUYCCKMMH TIapaMeT-
paMu HU JUTSI YMCJICHHOCTH BOJOPOCIIei, HU JUTSI UH-
JleKca BUJIOBOTO pa3HOOOpa3Usl HeE OOHAPYKEHO.

HaubGonee ycremrHbIM ITOKa3aTeleM COCTOSHUS
pegHbIX BoA, [ TpnMophst 0Ka3aImch MHIEKCHI Carpoo-
HOCTH .S, YTO COTJIaCyeTCsl C JAHHBIMHU 1O IPYTUM pe-
ruoHaM [7, 17, 26]. CoriacHoO olleHKe KadyecTBa BOII
no metony IlanTie-bykk B Momudukaum Cinamede-
Ka, Bce 00Cae0BaHHbBIE BOTOTOKU OTHOCSITCS K OJIU-
ro- u [3-Me30canpoOHOI 30HaM, KJIaCCUDUIINPYIOT-
csl KaK 4YMCThle M caabo 3arpsisHeHHbIe Bonbl 11 u
111 xnaccoB. B mpenenax BbIACIEHHBIX TPYIIT BOAO-
TOKOB 3TM MOKAa3aTeJIu 10CTaTOYHO CTAOUJIbHBI: KO-
s dULMeHT Bapualuu Kojiediiercst oT 5% B pekax
roro-3anagHoro ydyactka Ilpumopss 10 12% B Bono-
TOKax 3alaJHoro MakpockjaoHa Xp. CUXOT3-AJWUHb.
CpenHue 3HaYeHMsI MHIEKCA UISI PEeK pPa3InIHBbIX
TPy TakKe 3HAYMMO HE pasjiMyaroTcs, 1 JUIlb B
p. PaznonbHass mosiydeHa MOBBIIIEHHAsI BEJIWYMHA
(Tabi. 2). 3 Bcex TmApOXMMUIECKIX XapaKTePUCTUK
MHAEKC CanpoOHOCTU CBsI3aH TOJBKO C KOHIIEHTpa-
1IMeli aMMOHMITHOTO a30Ta (puc. 3¢) — HauboJiee o-
HO3HAYHBIM II0Ka3aTeJIeM aHTPOIOIreHHOIO 3BTPO-
¢urpoBaHUS TIPECHBIX BOJI.

PasznonpHass — ogHa M3 HEMHOTUX peK 1ora [daib-
Hero BocToka, rae coctaB Bogopocieit nepuduToHa
3a rocaeaaue 20 JeT HeOTHOKPATHO ONPEaeIsICS 10
BCEMY TEUEHUIO PEKU OT POCCUMCKO-KUTAUCKOM rpa-
HUILIBI 10 YCTheBO#t 001acTh. CoxpaHeHHUE JOCTATOY -
HO BBICOKOM BEJIMYMHBI MHIOEKCA CAlpOOHOCTU B
CpEeIHEM T€UEHUM PEKU CBUAETEIHLCTBYET O IIPOIOJI-
JKalolIeMcsl MOCTYTIJIEHUM U30bITOYHOTO KOJIUYeCTBa
opraHU4YecKux BellecTB ¢ Tepputopur KHP, yactny-
HOM X pa30aBjeHNUH BbIllle I. YcCypuiicKa, U BasKHOK
POJIM CTOKOB I. Yccypuiicka B (GOpMUPOBAaHUM YPOBHSI
3arpsi3BHEHUS] HUKHEro TEeYeHMSI pPeKU BIUIOTh JI0
ycThsl. BMecTe ¢ TeM, MeHbIIas CTeIeHb yBEIMICHUS
MHJIeKca calipoOHOCTH B p. PazgonbHast Huke I. Yecy-
puiicka B 2009 1. mo cpaBHeHUIO ¢ 1989 1. coBmanaet ¢
TeHAeHLIMell K yMeHblleHMIO BeanmyuHbl XIIK B
HMXXKHEM TeYEHMHU 3a CYET BBOJA B IKCILIyaTallMIO
OYMCTHBIX COOPYKEeHUI I. Yccypuiicka (puc. 56) [15].

BoiBoabl. CoOMNpsKeHHBINM aHAIU3 TUAPOXUMUYE-
CKMX XapaKTEPUCTUK U BUIOBOTO COCTaBa BOJOPOC-
Jieid iepuduToHa B 25 yibrparnpecHbix pekax Ilpu-
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MOPCKOIO Kpas Tokasaj, YTO OOIIyI0 aHTPOMNOTreH-
HYyI0O Harpy3ky Haubojiee OAHO3HAYHO OTpakaloT
obmrag muHepanuzauus, XIIK, conepxxanue amMmmo-
HUIHBIX (OPM pacTBopeHHOro a3ota. [1pu BbICOKOI
aHTpOIIOTeHHOI Harpy3ke (p. PazmoyibHasi) ee moka-
3aTe/IsIMU MOTYT TakXKe BBICTYNaTh OpPraHUYeCcKue
¢dopMbl pacTBopeHHOTO (hochopa m HuTpartsl. Jasa
YUCJIEHHOCTU, OMOMAaCChl Y BUIOBOTO pa3zHOOOpa3usi
BoJlOpoOCiiell mepudUTOHA UCCIENOBaHHBIX PEeK He
BBISIBJIEHO YETKOM CBSI3U C TUAPOXMMUUYECKUMMU Xa-
pakTepuCTUKaMU, JUIIb MHIEKChl CanpoOHOCTHU
KOPPETUPYIOT C COMepPKaHUEM aMMOHUIAHOTO a30Ta.
OTMeueHO COOTBETCTBUE MEXIY TPEHIOM M3MEHe-
HMSI MHAEKca carpoOHocTH B p. PasmonbHas 3a mo-
cieaHue 20 JieT 1 IMHAMUKOM MOCTYIUICHUST B PEKY
3arpsi3HEHUM.

Pa6ora noaaepxkana rpantamu OBH PAH Nel12-
1-I130-01 m OH3 PAH Ne12-1-OH3-22.
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Water Quality Assessment by Chemical Characteristics and Composition
of Algal Periphyton in Rivers and Sreams of Primorskii Krai, Russia

V. M. Shulkin*, T. V. Nikulina**
* Pacific Geographical Institute, Russian Academy of Sciences, Far Eastern Branch,
690041 Viadivostok, ul. Radio, 7, Russia
** Institute of Biology and Soil Science, FEB RAS, 690022 Viadivostok, Pr. 100-letiya Viadivostoka, 159, Russia

The water chemical composition and characteristics of the algal periphyton were studied in 25 rivers and
streams with different levels of anthropogenic load within Primorskii krai, Russia. COD and ammoniac dis-
solved nitrogen are the most unambiguous indicators of the total anthropogenic impact. Organic dissolved
phosphorus and nitrates can also be used as indicators of human-caused eutrophication in the Razdolnaya
River, characterized by the highest level of eutrophication. The number and biomass of periphyton alga are
quite variable even within similar streams. The spices composition and saprobity index (S) calculated from it
are more stable. The saprobity indexes shows less spatial variability than chemical composition of the river
water. Nevertheless, the correlation between the saprobity index and concentrations of ammonia forms of ni-
trogen is observed, as well as between the trend in saprobity index of the Razdolnaya River for the last 20 years
and dynamics of pollutants received by the river.

Keywords: chemical composition of river waters, nutrients, water quality, algae of periphyton, saprobity index
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