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INTRODUCTION

The problem of water quality of small riv-
ers of large cities is valid for many countries of 
the world. Compared to large rivers, such wa-
tercourses are affected by anthropogenic factors 
to a much greater extent, because they are char-
acterized by weak self-purification capacity, as 
well as the strong impact of both point effluent 
discharges and diffusion sources of pollution. 
Pollution is most acute in the low-water peri-
ods in urban areas with high population density 
[Wang et al., 2018].

Under the conditions of the Russian Far East, 
the maximum pollution of small rivers in urban-
ized areas is mainly observed during the winter 
low-water period from December to February. 
At such time, watercourses are mainly fed by 
groundwater and untreated sewage from housing 
and communal services, but there is no dilution 
with atmospheric precipitation. This condition 
contributes to an increase in the degree of river 
waters pollution.

Mineral forms of nitrogen (ammonium, 
nitrite and nitrate) are substances that set the 
boundaries of quality of nature waters and deter-
mine the biological productivity of water bodies. 

The nitrification and denitrification processes 
are invariably affected by the discharge of large 
amounts of nitrogen compounds and organic 
substances by humans. Thus, its activities have 
a significant impact on the natural nitrogen cycle 
in nature [Hayatsu et al., 2008].

The city of Khabarovsk, founded in 1858, is 
the administrative center of the Khabarovsk re-
gion, it is located on the right bank of the Amur-
skaya Channel and the Amur River on an area 
of 386 km2, near the border with the PRC. Until 
2018, Khabarovsk was the administrative center 
of the Far Eastern Federal District. The popula-
tion currently stands at 610.3 thousand people.

The problems of the quality of small rivers 
in Khabarovsk have existed for more than a cen-
tury. The information about the water pollution 
in the Plusninka, Cherdymovka, and Lesopilka 
rivers, tributaries of the Amur River, was men-
tioned in scientific literature in 1905 [Chirikov, 
1905]. The observations in 1913 testified about 
the pollution of waters of the Plusninka and 
Cherdymovka rivers by ammonium and nitrite 
nitrogen [Ebergard et al., 1914].

Further expansion of the city affected the 
catchments of the Chernaya, Berezovaya, Osipov-
ka, Polezhaevka and other rivers; after 1957, the 
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beds of the Plusninka, Cherdymovka and Leso-
pilka were removed into concrete collectors. 

Rare microbiological [Fisher et al,, 2018] 
and hydrochemical observations on small rivers 
in 2017–2018 revealed water pollution by or-
ganic matter, ammonium and nitrite nitrogen, and 
phosphates [Shesterkin et al., 2019; Shesterkin 
et al., 2021].

Studies in subsequent years (2019–2021) 
[Sinkova, 2021] allowed conducting a more de-
tailed study of the dynamics of the content of 
mineral forms of nitrogen in the water of small 
rivers in Khabarovsk during winter low water, 
i.e. the most difficult period for watercours-
es, when the impact of human activity is most 
noticeable.  

OBJECTS AND METHODS

Hydrochemical studies were carried out dur-
ing the winter periods, monthly from Decem-
ber 2017 to February 2021 in the central part of 
Khabarovsk and its environs, episodically also 
in the Bolshekhetsirsky State Reserve, located 
15 km from the city.

A schematic of the study area is shown in 
Figure 1. The water samples were taken from the 
surface in the middle of the rivers. The analyses 
were carried out at the Center of Collective Use 
at the Institute of Water and Ecological Problems 
of the Far East Branch of the Russian Academy of 
Sciences according to the methods generally ac-
cepted in hydrochemical studies. The pH values, 
nitrite, nitrate and ammonium nitrogen content 
were determined. A SHIMADZU UVmini-1240 
spectrophotometer and a METTLER TOLEDO 
S47 SevenMulti pH/conductometer were used as 
the  measuring equipment.

RESEARCH RESULTS 

The chemical composition of waters of the 
small rivers of Khabarovsk and its suburbs is 
formed in The Amur-Sungarian Plain, bounded 
in the north by the Voronezh Heights and in the 
south by the foothills of the Big and Little Khek-
htsir. In the winter period, the rivers are fed main-
ly by underground waters of Voronezh (northern 
and central part of the city) and hydrogeological 
massifs of the Little Khekhtsir (southern part) 

Figure 1. Scheme of the location of watercourses in Khabarovsk
Correlation analysis was performed using the STATISTICA 10 software package
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and Khabarovsk artesian basin (eastern part). 
The waters of these hydrologic massifs are mixed 
hydrocarbonate with salinity of 50–200 mg/l 
[Averyanova et al., 1998]. An important source of 
feeding the rivers of the central part of the city is 
the waters of the water supply and drainage sys-
tems due to their wear and tear.

Rivers drainage the territory of the Bolshek-
hekhtsirsky Reserve are not influenced by the 
economic activities in the catchment area. Such 
natural conditions of natural processes result in 
very low concentrations of ammonium and nitrite 
nitrogen (< 0.08 and 0.014 mg/l, respectively) 
and elevated concentrations of nitrate nitrogen 
(up to 3.84 mg/l) [Shesterkin et al., 2019]. The 
given indicators are taken as background values 
for the territory under consideration.

Since small rivers in the central part of the 
city (Cherdymovka, Plusninka) are sheltered in 
concrete collectors, and are fed by the warm wa-
ter from worn-out water supply and sewage sys-
tems, their estuaries are not covered by ice even 
in the most severe frosts.

Having compared these two rivers with each 
other, it was noted that the Cherdymovka River, 
which drains an area partially occupied by low-
rise buildings, is characterized by a wide varia-
tion in concentrations of mineral forms of nitro-
gen (Fig. 2a,b). Among them, ammonium ion 
dominates in most cases. Its maximum content 
(7.41 mg/l) was observed in December 2017 
and its minimum (1.47 mg/l) in February 2019. 
(Fig. 2a). Within a narrower range of 0.89 to 
5.20 mg/l (Fig. 2b), ammonium nitrogen content 
varied in the water of the Plusninka River, which 
drains the city area with high-rise structures. 
Among both rivers, the nitrite nitrogen content 
did not exceed 0.93 mg/l, and the nitrate nitro-
gen content was 9 mg/l (2020). A wide range of 

diffusive sources of pollution and episodic influx 
of sewage into the river network lead to large dif-
ferences in concentrations of mineral forms of 
nitrogen. Under such conditions, there are no cer-
tain regularities in their content during winter, and 
maximum values can be observed in any month.

The rivers in the rest of Khabarovsk are not 
covered by collectors and are often blocked by 
ice. This phenomenon is mostly observed in the 
rivers drain the territory of the private sector and 
garden plots. In particular, small rivers on the 
northern and southeastern outskirts of the city 
(Polezhaevka, Krasnaya Rechka), fed by ground-
water from alluvial deposits, freeze to the bottom 
in harsh winters (2019–2020). These streams are 
characterized by high levels of nitrate nitrogen 
(Fig. 3c), in relation to the amount of ammoni-
um nitrogen, exceeding most of the indicators of 
other rivers of the city. The studies conducted in 
the winter low-water years, i.e. 2020–2021, show 
a sharp increase in the nitrite nitrogen (Fig. 3b).

The main source of feeding of small rivers in 
the southern and northeastern outskirts of the city 
(Matrenikha, Gnilaya Pad, Chernaya, Bezymyan-
naya) is untreated wastewater, which contributes 
to the fact that rivers are covered with ice only 
in the most severe frosts (2019–2020). The pre-
dominance of ammonia nitrogen (up to 54 mg/l 
in the Bezymyannaya River) and low content of 
oxide forms of nitrogen are noted as characteris-
tic features (Fig. 3).

Considering Figures 2 and 3 together, it was 
concluded that the content of ammonium nitrogen 
in different years is not stable, and relative to the 
background value (0.08 mg/l) is higher. Moreover, 
exceeding the background value (0.014 mg/l) was 
noted for the nitrite nitrogen content, the maxi-
mum value of which was recorded in the waters 
of the rivers which drains the central part of the 

Figure 2. NH4
+, NO2

-, NO3
- content in the rivers: a) Cherdymovka; b) Plusninka
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city. The graph of the nitrate nitrogen content in 
the water of rivers stands out most clearly, as ex-
ceedances of the background value (3.84 mg/l) 
are observed to a lesser extent. Only the wa-
ters of the Polegaevka, Krasnaya Rechka, Plus-
ninka and Cherdymovka rivers steadily contain 
more of it (Fig. 3c).

A correlation analysis was carried out to ar-
range the values of concentrations of mineral 
forms of nitrogen in the water of small rivers of 
Khabarovsk. The calculated coefficients are pre-
sented in Table 1. By correlating them with the 
standard scheme of oxidation of nitrogen com-
pounds in river water, a number of assumptions 
were made to interpret the data obtained in the 
hydrochemical studies

The clear lack of correlation between NH4+ 
and NO2

- (k = 0.01) probably indicates an ex-
tremely weak activity of the oxidation process of 
NH4

+ to NO2
-. This disruption of the nitrogen cy-

cle is associated with a lack of free oxygen, which 

is required for the vital activity of ammonia-ox-
idizing bacteria involved in the nitrification pro-
cess [Wang et al., 2021], [Soliman et al., 2018]. 
This is due to the formation of thick ice cover on 
small rivers in Khabarovsk, which are not cov-
ered by concrete collectors.

The effect of oxygen deficiency on the sup-
pression of nitrite-oxidizing bacteria can also be 
traced (Wang et al., 2021). This is demonstrated 
by the extremely weak activity of the oxidation 
process of nitrite nitrogen to nitrate nitrogen, and 
the lack of correlation between NO2

- and NO3
- 

(k=0.16) confirms this. 
The result of impaired nitrification in water 

is the observed overabundance of ammonium ni-
trogen, due to the impossibility of its oxidation to 
NO3

-. This is indicated by the negative correlation 
coefficient (k = -0.65) between NH4

+ and NO3
-.

It should be emphasized that the described 
disturbances affect the denitrification process 
[Coskun et al., 2017], as a result of which nitrogen 

Figure 3. Contents in the rivers (I) Polezhaevka, (II) Krasnaya Rechka, (III) Matrenikha, 
(IV) Gnilaya Pad, (V) Chernaya, (VI) Bezymyannaya, (VII) reserved areas: а) NH4

+; b) NO2
-; c)NO3

- 
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reduction from oxidized forms occurs in smaller 
volumes. Low water temperatures also have a 
negative effect on the rate of reactions [Kallistova 
et al., 2016].

Considering the conditions of free oxygen 
deficit in water, it should be noted that the oxi-
dation of ammonium nitrogen is possible by the 
anammox process [Kallistova et al., 2016]. Such 
an oxidation process is usually not limited by the 
level of ammonium, which is usually rather high 
in natural water systems, but strongly depends on 
the availability of the electron acceptor, nitrite 
[Broda, 1977]. The hydrochemical studies pre-
sented in this work showed that the amount of 
ammonia nitrogen in the water of small rivers of 
Khabarovsk is much higher than the level of ni-
trite nitrogen. The lack of nitrite combined with 
low environmental temperatures reduces the pos-
sibility of oxidation of ammonium by anammox.

Sulfate-dependent anammox, the course of 
which is described by the following reaction, can 
serve as an analogue of such a process: 2NH4

+ + 
SO4

2- → N2 + 2H2O. In the case of the rivers in 
question, this oxidation pathway is not possible 
because the pH is in the range 6.2–7.6, and the sul-
fate-dependent anammox process requires a pH > 
8.0 for it to proceed effectively [Liu et al., 2008].

CONCLUSIONS 

Thus, the presence of a wide range of unregu-
lated sources of watercourse feeding does not al-
low identifying certain regularities in the differ-
ences in the content of mineral forms of nitrogen 
in the waters of small rivers of Khabarovsk over 
time. Episodic inflow of wastewater can provoke 
strong increases in concentrations of the sub-
stances determined in any month of the winter 
low water.

Compared with the accepted background con-
tent for the area under study, the studied waters 
are heavily polluted with ammonium and nitrite 
nitrogen with a multiple excess of their content in 
675 and 92 times, respectively. 

The waters of the rivers in the southern and 
northeastern outskirts of the city, which drain ar-
eas with low-rise buildings, and the main source 
of supply are untreated sewage from housing and 
communal services are the most contaminated 
with ammonia nitrogen. The rivers of the central 
part of the city, which are fed mainly by waters 
of worn-out sewage and water supply systems, 
are characterized by an increased content of am-
monia nitrogen and significant pollution by nitrite 
nitrogen, which is 66.4 times higher than the ac-
cepted background value.
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