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1. Introduction

The water quality of the watersheds is formed 
under influence of both natural and anthropogenic 
factors. One of the reasons for the intensive decline 
of the quality of natural waters is the growth of 
anthropogenic impact and urbanization (Rotanova and 
Pupkova, 2013; Ternovaya et al., 2015). Small rivers 
located in industrial and densely populated areas are 
exposed to the most severe pollution. As a rule, they are 
more vulnerable to pollution and have a lower ability 
to natural purification. The Barnaulka River is a typical 
example of such water bodies.

Barnaulka - the left tributary of the Ob River 
flows through the Barnaul city. Features of the relief 
of the urban area are such that organized (through the 
storm sewer system) and diffuse surface runoff enters 
in the Barnaulka River, both directly and through 
its tributaries - Vlasikha River and Brewery River 
(Rotanova and Pupkova, 2013). For many years the 
main pollutants of Barnaulka are nutrients (ammonium, 
nitrites, phosphates) and some organic substances 
(Noskova et al., 2019).

The Altai Center for Hydrometeorology and 
Environmental Monitoring performs water quality of 
the Barnaulka River only at its mouth. Therefore, the 
purpose of this work is to assess of water pollution in 
the Barnaulka River, flowing through the city, using the 
water pollution index.

2. Material and methods

Sampling of water in the Barnaulka River was 
carried out in March, July and October 2019 at 8 points 

selected according to the increase of anthropogenic 
load (Fig.). Points 1-4 allow assessing the change 
of the hydrochemical characteristics of the river in 
the zone of predominantly low-rise buildings of the 
city. Point 4, located in 50 m above the mouth of 
the Pivovarka River, is the entry point into the zone 
with maximum anthropogenic load. Point 5 is the 
mouth of the Pivovarka River. Point 6 is located 180 
m below the confluence of the Pivovarka River, which 
allows us to assess the contribution of this stream to 
the hydrochemical runoff of Barnaulka. The outlets of 
the city storm sewer system into the river are between 
points 7 and 8. Point 8 is located 150 m above the 
mouth of the Barnaulka River and below of all storm 
water outlets. 

Analysis of samples for hydrochemical indices 
was performed at the Chemical-Analytical Center of 
the Institute for Water and Environmental Problems 
Siberian Branch of the Russian Academy of Sciences. 
The calculation of the Water Pollution Index (WPI) 
was carried out according to 6 components (Glotova, 
2006): oxygen and biochemical oxygen consumption 
(BOС5) — mandatory, chemical oxygen consumption 
(COD), NH4

+, NO2
-, PO4

3- - had the highest relative 
concentrations.

3. Results and discussions

Depending on the date and place of sampling, 
the WPM in the Barnaulkа River varies over a wide 
range from 1.5 to 6.8 (Table). The maximum values of 
WPI are observed in the spring and autumn periods at 
the point 5, and in the summer period at the point 7. In 
autumn (October), at all sampling points (except point 
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5), the WPI value was the lowest. In the spring period, 
points 1-2 the most clearly shows the contribution to 
the pollution of the river low-rise buildings of the city. 
The Pivovarka River also has a significant impact on 
the pollution of the Barnaulka River.This is confirmed 
by the high value of WPI at the mouth of the Pivovarka 
River and its increase downstream of Barnaulka. A 
significant increase of WPI is observed after mouth of 
the Pivovarka River especially in the summer (July). 
On the contrary, in spring and autumn, the WPI differs 
insignificantly.

According to the value of WPI, the quality 
of water in the Barnaulka River is estimated from 
«moderately polluted» to «very dirty». In the spring, 
water quality changes in a chaotic manner: at first the 
quality class changes sharply from «dirty» (points 1-2) 
to «moderately polluted» (points 3-4), then there is a 
deterioration in water quality to« dirty» (point 5), then 
the quality water improves to «polluted» (points 6-12). 
In the summer and autumn periods, water quality class 

is assessed as «moderately polluted» at points 1-4, 
however it deteriorates to the «very dirty» already at the 
point 5. Additionally, if in the autumn season at points 
6-8 the water quality class again becomes «moderately 
polluted», then in the summer period there is a decrease 
of water quality to «very dirty» (point 7), with a slight 
improvement at the point 8 (class 4).

4. Conclusions

The study showed significant pollution of the 
Barnaulka River basin within the city. It was established 
that the WPI of the Barnaulka River varies over a wide 
range from 1.5 to 6.8. Depending on the season and 
place of sampling, the water quality class will vary 
from «moderately polluted» to «very dirty». A great 
contribution to the pollution of the Barnaulka River, 
especially in the summer, is made by its tributary - the 
Pivovarka River.

Fig. Map of sampling points on the Barnaulka River

Table. Assessment of the class of water quality of the Barnaulka River

Sampling points Water Pollution Index (WPI)
March July October

1 4.55 2.03 1.53

2 4.65 2.23 1.13

3 2.53 2.33 1.33

4 2.53 2.13 1.33

5 5.05 6.05 6.86

6 2.74 5.85 1.63

7 2.74 6.46 1.63

8 3.04 3.14 2.13

Notation:  Water Quality Class:
1 – very clean (less than 0,3);
2 – clean (0,3 – 1);
3 – moderately polluted (1 – 2,5);
4 – polluted  (2,5 – 4); 
5 – dirty (4 – 6);
6 – very dirty (6 – 10);
7 – extremely dirty (more than 10).
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