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ABSTRACT

This article is devoted to the study of water and sediment pollution in the channel of
the Neva delta. Spectrophotometry was used to determine the concentration of pol-
lutants in water. In the chemical analysis of the precipitate, atomic absorption spec-
troscopy and infrared spectroscopy were used. Analysis of the hydrochemical com-
position and sediment of the Smolenka River showed high concentrations of heavy
metals and petroleum products. At the same time, the hydrochemical composition of
the Smolenka River is highly unstable, but the concentration of oil products and lead
in the sediments indicates the presence of local pollution sources. Based on our find-
ings, we are guided by the restoration of the aquatic environment.
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INTRODUCTION

The impact of human activity on water bodies
has been a focus of research for over 100 years.
Ever since the beginning of the scientific revolu-
tion, accompanied by increasing water pollution,
it has been particularly important to study the
qualitative properties of inland bodies of water.

To a significant degree, the environmental
condition of water bodies depends on the scale of
the transformation of the natural components of
the drainage basin as a result of human activity.
For this reason, particular attention should be paid
to water ecosystems in areas with the strongest
anthropic impact. This includes water ecosystems
in populated areas [Malmqvist et al., 2002; Wu et
al., 2015; Zhao et al., 2015]. A number of authors
stress that in studies of the environmental con-
dition of urban water bodies particular attention
should be paid to heavy metal compounds, which
can accumulate in various components of the wa-
ter ecosystem and cause secondary pollution [Slu-
kovskii, 2015; Valskys, 2015; Vosoogh, 2016].

The object of the present study is the river
Smolenka, one of the minor rivers of St. Peters-
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burg and part of the Neva delta. The Smolenka
starts as a distributary of the Malaya Neva; it
crosses the Vasilyevsky District of the city and
flows into the Gulf of Finland, separating Vasi-
lyevsky Island from Dekabristov Island. Its ap-
proximate length is 3700 metres. The river course
is fairly convoluted. In the 1960-70s, a canal was
built that changed the course of the river. Since
the Smolenka is a minor river in one of the most
densely populated areas of Russia’s second larg-
est city, its environmental condition is a direct
result of various anthropic factors. The most sig-
nificant among them are the change of the river
course, a large number of wastewater disposals, a
considerable number of factories along the river,
and heavy traffic along the river banks.

Considering the above, an assessment of the
current environmental condition of this body of
water is a task of obvious importance.

METHOD

The hydrochemical composition of the Smo-
lenka is highly unstable, as attested by the chemi-
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cal analyses of its water carried out by students of
St. Petersburg Mining University every summer.
The chemical composition of the water samples is
analysed by means of a LASA 100 mobile labora-
tory photometer, produced by Hach-Lange.

Samples are collected annually in early July
at three locations. Location 1 is at the corner of
Ulitsa Korablestroiteley and Novosmolenskaya
Naberezhnaya; location 2 is at Liniya 16—17; lo-
cation 3 is at Liniya 8-9 and the Uralsky Bridge
(figure 1). The time interval between the sample
collections at each location is one day.

At each location, 12 samples are collected and
then analysed on site. All in all, 36 samples are
collected and analysed every summer. The goal
of the analyses is to measure the concentration of
several metals, including nickel, lead, and copper.

As the data on the concentration of pollutants
in the water painted a mixed picture, we conduct-
ed a chemical analysis of the river sediment. Un-
like the water itself, where the concentration of
the relevant chemicals varies over time and space,
the sediment is an accumulating environment with
a stable chemical composition. Moreover, the
sediment can facilitate slower reactions that can
create new, more toxic compounds [Fokin, 2010].
A review of the literature returned only general
information on the level of the sediment pollution
in the Smolenka [Fokin, 2010]; this information

suggests that the sediment pollution in the river

is likely to correspond to the levels “heavily pol-

luted” and “dangerously polluted”.

1. The sampling procedure followed the current
standard practice in Russia [The state standard
is 17.1.5.01, 1980; Ministry of NRE of the RF,
decree No. 112, 2014]. In light of the sediment
distribution and drift patterns, samples were
collected at two locations. Location 1 (samples
la and 1b) is 800 m from the start of the river,
opposite the Kamsky Garden. Location 2 (sam-
ples 2a and 2b) is 1300 m further downstream,
about 2 km upstream from the river’s mouth.

. The samples were prepared with two goals in
mind: to identify metallic substances and to de-
termine the total concentration of oil products.

The hydrochloric acid method and the nitric
acid method were used in the sample preparation
aimed at identifying metallic substances. The con-
trol sample was produced by adding bidistilled
water: a 2-gram sediment sample was placed in
a 100-millilitre flask, and 20 millilitres of bidis-
tilled water was added to the flask. The mix was
then stirred vigorously for 2 hours and left for 24
hours. The filtering was done through a 0.01-mm
filter. The control sample was used to produce a
calibration curve based on the actual sample. The
calibration curve was thus based onthe following
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Figure 1. Water and sediment sampling locations (https://www.google.com/maps)
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samples: bidistilled water; Fe, Al, Mn, Cu, Cd,

Ni, and Pb test solutions of various concentra-

tions; the actual sample.

Two methods were used in the sample prepa-
ration aimed at extracting non-organic compo-
nents (metals and amphoteric elements):

1. A 2-gram sediment sample was put in a
100-millilitre flask, and 20 millilitres of 0.1
H hydrochloric acid solution was added to the
flask. The mix was stirred vigorously for 2
hours, then left for 24 hours and filtered.

2. A 2-gram sediment sample was put in a
100-millilitre flask, and 20 millilitres of 0.1 H
nitric acid solution was added to the flask. The
mix was kept for 1 hour at 90° C without boil-
ing and then filtered.

A KVANT-Z.ETA atomic absorption spec-
trometer was used in the study, in accordance
with [The natural and normative document of the
RF 16.1:2.2:2.3: 3.36-02, 2002; Guidance docu-
ment 52.24.377-95, 1995]. The hydrochloric acid
method showed the highest extraction rate for
copper, cadmium, and nickel, while the nitric acid
method showed the highest rate for iron, manga-
nese, and lead. The measurement error is within
the range of the method. The repeatability and
replicability of the test conform to the specifica-
tions of the spectrometer.

Infrared spectroscopy was used to analyse
and extract oil products, in accordance with

[Guidance document 5.22.07, 2005]. A 2-gram
sample was mixed for 4 hours in a glass flask
with 20 millilitres of hexane. The solution was
then filtered; the filter was rinsed to remove the
traces of extraction. Hexane was used as the test
solution. When it was introduced to the working
area, there were no air bubbles in the transparent
volume of the solution.

RESULTS AND DISCUSSION

Table 1 shows the results of our analy-
sis of 108 surface water samples collected in
2014-2016. As we can see, the concentration of
the metals in each measurement is higher than the
norm [Federal fishing agency of the RF. Decree
No.10, 2010]. It is also worth noting that the con-
centration of pollutants in the river is unstable;
even the averaged values show a 4—6-fold differ-
ence. The results of the chemical analysis of the
sediment samples are shown in Table 2.

Assessing the pollution level of the sediment
is difficult because the relevant Russian regula-
tions for this environment lack the very concept
of “maximum admissible concentration” [Fokin,
2010]. For the purpose of this study, we primarily
used the recommended pollutant concentration
values for standard sediments as the normal val-
ues (Table 3) [Norms and criteria for assessing

Table 1. The average concentration of the target substances in surface water samples from the river Smolenka in

2014-2016
2014 2015 2016 Maximum

Component, . . . . . . . . . admissible

mgll Location | Location | Location | Location | Location | Location | Location | Location | Location concentration,

1 2 3 1 2 3 1 2 3
mg/l

Ni 0.020 0.035 0.029 0.035 0.098 0.033 0.045 0.021 0.017 0.01

Pb 0.014 0.007 0.006 0.017 0.028 0.017 0.014 0.023 0.009 0.006

Cu 0.029 0.035 0.039 0.019 0.024 0.041 0.006 0.008 0.015 0.001

Table 2. The concentration of metals and oil products in the sediment samples
Component, g/kg of dry weight; Sample number
(mg/kg for cadmium) 1a 1b 2a 2b

Iron (Fe) 44.0 43.2 37.0 36.7
Aluminium (Al) 17.6 16.9 12.5 13.0
Manganese (Mn) 28.0 29.0 235 24.0
Copper (Cu) 7.2 7.0 6.3 6.4
Cadmium (Cd) 4.5 4.9 12.0 12.6
Nickel (Ni) 2.7 3.0 5.8 6.2
Lead (Pb) 2.1 2.0 12.7 13.0
Oil products 5.6 6.2 15.8 16.0
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Table 3. Pollution criteria for standard sediments

Pollutant, mg/kg of dry weight Recommended level Critical level Control level Intervention level
Copper (Cu) 35 35 90 190
Cadmium (Cd) 0.8 2 7.5 12
Nickel (Ni) 35 35 45 210
Lead (Pb) 85 530 530 530
Oil products 180 1000 3000 5000

the contamination of bottom sediments in water
bodies of St. Petersburg, 1996].

On the whole, our assessment corresponds to
the 1998 data. Each sediment sample should be
classified as level 4: “dangerously polluted”. Note
the extremely high level of copper and nickel pol-
lution (tens or hundreds of times higher than the
recommended values at both locations), the high
level of lead and oil product pollution at location
2 (25 and 16 times higher than the recommended
values, respectively), and the cadmium concen-
tration (2.4 times the recommended value at loca-
tion 1 and 6.2 times at location 2).

Another indicator that can be used for an
environmental assessment of the river sedi-
ment is the excess of the total forms of heavy
metals compared to the maximum admissible
concentrations (MAC) for soils [Hygienic stan-
dards 2.1.7.2041-06, 2006; Hygienic standards
2.1.7.2511-09, 2009]. The MAC for manganese
is 1500 mg/kg; the recommended concentrations
are 130 mg/kg for lead, 132 mg/kg for copper, 2.0
mg/kg for cadmium, and 80 mg/kg for nickel. The
Clarke value for soils can be used as the target
norm for iron and aluminium (38000 and 71300
mg/kg, respectively). Based on these values, we
can note the following excess concentrations for
the Smolenka: about 50 times for copper, 2.5-6.2
times for cadmium, 36—75 times for nickel, 16-99
times for lead, and 19-16 times for manganese.
The iron concentration in the sediment is basi-
cally identical to the Clarke value; the aluminium
concentration is 0.2 of the average figure for soil.

Finally, it is possible to assess the anthropic
impact on a water ecosystem by comparing the
results of the chemical analysis of the sediment
with the background concentrations of the sub-
stances under study. A review of the literature re-
turned the following background values for Neva
sediments: 44 mg/kg for oil products, 17.2 mg/kg
for copper, 9.64 mg/kg for nickel, 22.5 mg/kg for
lead, and 50 mg/kg for manganese [Review of en-
vironmental pollution in the Russian Federation
for 2005]. These values come from a study of the

sediment at the start of the Neva in the Petrokre-
post Bay. According to [Review of environmental
pollution in the Russian Federation for 2005], the
maximum iron concentration for the water com-
plex comprising Lake Ladoga, the Neva and the
Neva Bay was 8240 mg/kg (measured in the Volk-
hovsky Bay). We have not been able to find back-
ground values for the other elements. Compared
to the background concentrations, we can note,
on average, the following excess concentrations
for the Smolenka: 400 times above the norm for
copper, 520 times for manganese, 300—600 times
for nickel, 90-570 times for lead, and 130-360
times for oil products. The iron concentration
is, on average, 4.9 times higher than the figure
for the Volkhovsky Bay.

CONCLUSIONS

We can draw the following conclusions from
our empirical findings and the literature:

1. The hydrochemical composition of the river
Smolenka is highly unstable, and it is charac-
terised by a high degree of heavy metal pollu-
tion. Our analysis of the water has shown that
the concentration of heavy metals is 3—24 times
in excess of the norm. Our chemical analysis of
the sediment pollution in the Smolenka, which
is part of the Neva delta, has shown that it
should be classified as class 4 pollution (“dan-
gerously polluted”). The concentration of met-
als and oil products in the sediments is above
the intervention level.

2. Our analysis of the sediment pollution in
the Smolenka has identified three types of
pollutants:

a) substances whose concentrations are hun-
dreds of times above the admissible levels
and background values along the entire river
course (manganese, copper, and nickel);

b) substances whose concentrations are tens
of times above the admissible levels and
background values and increase towards the
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Smolenka’s mouth (oil products and lead);

¢) substances whose concentrations are several
times above the admissible levels and back-
ground values (cadmium and iron).

. The pollution level of the Smolenka’s sedi-

ments requires a clean-up of the river. Be-
sides other measures, sources of oil prod-
uct pollution and lead pollution must be
identified and eliminated.
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