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Abstract: The article contains the results of study how effluents from Saint Petersburg main treatment facility
and some other natural factors influence the trophic status of Nevskaja Guba. It is shown that deep retreatment
of effluents to remove phosphorus is not enough to prevent eutrophication. Additional activities to make the
situation stable are suggested. Eutrophication processes in Nevskaja Guba depend not only on biogenic
substances load but substantially on hydro meteorological conditions of the water object and are mainly
determined by Neva consumption and specifics of hydrodynamics. High consumption of Neva, current speeds,
high turbulence and low water temperatures hinder eutrophication in the central zone of Nevskaja Guba which
is the source of the main transit flow to the Gulf of Finland. Effluents from the most modern station - South-
western treatment facilities - do not influence the trophic status in the southern part of Nevskaja Guba, the Gulf
of Finland and the Baltic Sea. Poor state of environment in the whole southern area of coastal zone is an acute
problem for many dozens of years. The unfavorable trophic status of south-eastern part of the water area is
determined by specific hydrological conditions combined with unfavorable weather situation.
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INTRODUCTION Eutrophication is a major problem in the Baltic Sea.

On November 15, 2007 HELCOM (The Helsinki from oligotrophic with clear water to the eutrophic one
Commission)  adopted  the  Baltic  Sea  Action  Plan [1]. that results in a non-balanced functioning of the
On the basis of monitoring and evaluation of condition of ecological system and intensive algae growth that brings
the Baltics marine environment the Baltic Sea Action Plan to water blooming. According to the standards introduced
determined four main strategic objectives: by the Baltic Sea Action Plan the highest volumes of

Towards the Baltic Sea which is not affected by Russia: 2500 t on phosphorus and 6970 t on nitrogen [3].
eutrophication; In this regard SUE "VODOKANAL St. Petersburg"
Towards the Baltic Sea which is not polluted by has undertaken the studies in the output points of the
hazardous substances; main treatment facilities: Northern and Central aeration
Towards environmentally friendly maritime activities plants (SSA and CSA) and South-West Treatment
in the Baltic Sea; Facilities (SWTF) which were intended to estimate the
Towards favorable conservation status of the Baltic influence of effluents and natural factors to the trophic
Sea biodiversity [2]. status of the Baltic Sea.

Compared to the 1900s the Baltic Sea changed its status

annual reduction of biogenic loading are determined for
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MATERIALS AND METHODS

The article includes results of the field studies taken
in 2009 - 2010 in the water area of Nevskaja Guba and
output points of the main treatment facilities: SSA, CSA,
SWTF and sewage pump station (SPS) of Lisij Nos
settlement located in the north-western part of Nevskaja
Guba. Effluents from the city after the treatment come to
the estuary of Neva - Nevskaja Guba (Fig. 1). Fig. 1: Arrangement diagram of effluents outputs in

Monitoring sections in the water area were located Nevskaya Guba
within  the  radius  of  0.5,  1.0 and 1.5 km from outputs.
The treated effluents were sampled in the collecting
chambers before being discharged to the water body. 

The studies were taken in the vegetative season from
July to  October.  Samples  of  effluents  and  natural
waters were taken simultaneously considering flow time.
A total of 112 water samples were taken. The results of
1650 measurements of physical and chemical as well as
hydro-biological parameters of water body condition were
aggregated and analyzed. The trophic level was estimated
on the basis of traditional and integral parameters [4]. 

The Main Part: The composition of effluents from SSA
and SPS of Lisij Nos settlement discharged to the
northern  coastal  zone  of  Nevskaja Guba is given in
Table 1. Fig. 2: Dynamics of effluents  (q) and natural waters (Q)

Consumption of SSA effluents is 275 times higher consumption in the water area adjacent to the
than consumption of SPS effluents and the amounts of output
discharged phosphorus and nitrogen are 290 times and
530 times correspondingly higher than from SPS. But the All indicators are strongly correlated both with
western part of the water area has much more consumption of effluents and consumption of natural
eutrophication features than the eastern part where SSA waters in the water body.
output point is located. The trophic condition of water If we compare the trophic condition of water areas in
areas adjacent to the outputs was estimated on the basis the eastern (SSA output) and western (output from SPS at
of the known trophic criteria [5, 6]. Lisij Nos settlement) parts of the northern coast of

40% of given criteria provide that in SSA output area Nevskaja Guba we can state that the eutrophication level
water is eutrophic and the other criteria say that it is of the western part is higher than of the eastern one.
mesotrophic and even oligotrophic. In the output area of Therefore we can conclude that eutrophication in the
SPS at Lisij Nos settlement 60 % of criteria provide that western part is determined by other factors; other authors
the water area is eutrophic. indicate the same [7]. The latest conclusion is supported

The trophic condition depends not only on biogenic by our previous studies as well [8].
loading but also on consumption of natural waters and Internal loading in the Gulf of Finland is made up by
other hydro meteorological factors. In the discussed biogeneous formation from bottom sediments. It increases
period the consumption of effluents (q) increased and of with higher water salinity and oxygen deficiency in near
natural waters (Q) - decreased (Table 1). bottom layers. The internal loading in the Gulf of Finland

In order to understand the role of man-made and increases by supply of compensatory deep water currents
natural factors in eutrophication of the water body we of saline water from the central part of the Baltic Sea.
tried to find the relations of main eutrophication indicators The similar analysis of ecological situation was taken
and consumption of effluents and natural waters as well in TSSA and SWTF output areas. The results were as
as their ratios (Table 2). follows.  The  mesotrophic  level  in TsSA output area is
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Table 1: Water consumption and composition of treated effluents from SSA and non-treated effluents from SPS of Lisij Nos settlement

Treated effluents from SSA Non treated effluents from SPS of Lisij Nos settlement
------------------------------------------------------------------ -------------------------------------------------------------------

No. Indicators July Aug. Sept. October Average July Aug. Sept. October Average

1. Effluents consumption, m /s (q) 5.486 5.706 6.123 7.940 6.314 0.026 0.032 0.011 - 0.0233

2. Water consumption in 
a water body, m /s (Q) 31.5 30.2 29.3 28.2 29.8 31.5 30.2 29.3 - 30.33

3. Consumptions ratio Q/q 5.7 5.3 4.8 3.6 4.5 1211.5 943.8 2663.6 - 1317
4. Temperature, °C 24.0 22.5 18.5 21.5 21.6 - - - - -
5. pH, pH units 6.8 7.1 6.8 6.9 6.9 - - - - -
6. BOD , mg/dm 3.6* 5.2* 4.2* 5.2* 4.6* 10.0 15.0 11.0 12.0 12.0full

3

7. BOD , mg/dm 2.4 3.5 2.8 3.5 3.1 6.7* 10.0* 7.4* 8.0* 8.0*5
3

8. O , mg/dm 7.8 7.7 6.9 6.8 7.3 - - - - -2
3

9. P , mg/dm 0.73 0.30 0.43 0.92 0.60 0.44 0.60 0.25 0.74 0.58tot
3

10. PO  (P), mg/dm 0.57 0.20 0.27 0.57 0.40 0.16 0.05 0.05 0.56 0.214
3- 3

11. N , mg/dm 8.30 15.0 7.60 7.40 9.60 6.10 6.80 2.80 3.80 4.9 tot
3

12. NH  (N), mg/dm 0.46 8.5 0.66 1.90 2.88 3.50 1.50 0.93 3.60 2.44
+ 3

13. NO  (N), mg/dm 0.20 0.19 0.01 0.23 0.16 - - - - -2
- 3

14. NO  (N), mg/dm 5.50 4.10 4.50 4.7 4.703
- 3

15.  N , mg/dm 6.16 12.79 5.17 6.83 7.74 - - - - -m
3

*Values of BOD  and BOD  (BOD - biological oxygen demand) are calculated on the basis of the ratio BOD  = 0.67 BOD  at  = 0.1 days  BOD -full 5 5 full
-1

biochemical oxygen demand (BDO - ….)

Table 2: Correlation coefficients of main trophic indicators with consumption of effluents (q) and natural waters (Q) and their ratio (Q/q)

Correlation coefficients (r )yx

---------------------------------------------------------------------------------------------------------------------
Consumption of Water consumption in Ratio of

Trophic indicators effluents  (q), m /s a water body (Q), m /s consumptions  (Q/q)3 3

Transparency (Tr), m -0.968 +0.651 +0.900
BOD , mg/l +0.806 -0.985 -0.9035

Total phosphorus (P ), mg/l +0.990 -0.704 -0.938tot

Total nitrogen (N ), mg/l +0.953 -0.606 -0.883tot

Phytoplankton amount, (N), thou. c/l -0.928 +0.938 0.971
Concentration of chlorophyll “ ”, (Chl) “ ”, mcg/l -0.532 - +0.344
Trophic State Index (ITS) +0.985 -0.779 -0.957

Table 3: Comparison of effluents consumption, amounts of biogeneous formations discharge and indicators of trophic condition of water areas in the areas of
output from CSA, SSA and SWTF

Features of effluents and natural waters CSA SSA SWTF

Effluents

Effluents consumption (q), m /s 14.100 6.314 2.743

Total phosphorus discharge amount (P ), t/day 0.475 0.327 0.081tot

Total nitrogen discharge amount (N ), t/day 10.480 5.237 1.657tot

Eutrophication indicators

Total phosphorus concentration (P ), mcg/l <0.020 0.023 0.046tot

Total nitrogen concentration (N ), mcg/l 0.56 0.63 1.25tot

Phytoplankton amount, mln. c/l 471 819 3300
Phytoplankton biomass, mg/l 0.46 0.64 1.03
Concentration of chlorophyll “ ”, mcg/l 4.27 4.80 6.70
Trophic State Index 7.87 8.06 8.07
Species diversity factor (d) 3.12 2.74 2.24
Trophic level Oligotrophic-mesotrophic Mesotrophic-eutrophic Eutrophic
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estimated as mesotrophic interfacing oligotrophic. In this REFERENCES
area  the leading  role  is  given  to  natural     factors
(rates, temperature, flows, etc.) Accordingly the main 1. HELCOM Baltic Sea Action Plan. 2008. St. Petersburg:
transit flow coming to the Gulf of Finland is less eutrophic Dialog, pp: 112.
than the waters of the Gulf of Finland and the Baltic Sea. 2. Lindholm, G., 2010. Challenges and windows of
According to this data effluents from St. Petersburg opportunity for HELCOM during the upcoming
cannot have substantial negative effect to the trophic Swedish Chairmanship. In the XI International
status of the Baltic Sea. Environmental Forum “Baltic Sea Day”. St.

SWTF output area differs from the water areas Petersburg, RU: HELCOM, pp: 281-283.
discussed above. The comparison of the effluents 3. Markova, E.G. and S.A. Kondrat’ev, 2010. Nutrient
consumption in the output areas of aeration stations SSA, load on the Russian part of the Gulf of Finland. In the
CSA and SWTF is given in table 3. XI International Environmental Forum “Baltic Sea

According to the comparison the largest amounts of Day”, pp: 315-317.
effluents and biogenic substances are delivered to the 4. Alexeev, M.I., S.V. Makarova, E. Neverova-Dziopak,
water body from CSA and the smallest - from SWTF. In L.I. Cvetkova and G.I. Kopina, 2010. Influence of
the investigation period the consumption of the effluents wastewater on eutrophication process in North-East
from SWTF was over 5 times lower that consumption from past of the Neva Bay. In the XI International
SWTF and the amounts of discharged phosphorus and Environmental Forum “Baltic Sea Day”, pp: 397-398.
nitrogen - nearly 6 times lower. 5. Dmitriev, V.V. and G.T. Frumin, 2004. Environmental

The best trophic level was detected in CSA output load rationing and stable development of natural
area. In SWTF output water area with the lowest loading waters. St. Petersburg, RU: Nauka (Science), pp: 291.
from effluents the condition of the water area was the 6. Neverova-Dziopak,   E.,    2010.   Podstawy
worst that means eutrophic. zarz dzania procesami eutrofizacji antropogenicznej

The high trophic level of this water area is due to the [Fundamentals of anthropogenic eutrophication
hydrodynamics specifics of this area and delivery of the process management]. Krakow, POL: AGH, pp: 132.
eutrophic waters from the Gulf of Finland [9]. 7. Ignat’eva, N.V., 1999. Nutrient exchange across the

CONCLUSIONS Boreal Environment Research, 4: 295-305.

The total biogenic loading to the ecosystem L.I. Cvetkova, 2010. Share of waste water from St.
considers supply of biogeneous formations from various Petersburg in biogenic load on the Neva estuary and
external and internal sources and depends on water the eastern part on the Gulf of Finland. In the XI
exchange with the North Sea. Runoff from the Neva River International Environmental Forum “Baltic Sea Day”,
is the main source of phosphorus and nitrogen in pp: 432-434.
Nevskaja Guba. Effluents supply is about 30 % of 9. Ne ihovskij, R.A., 1985. Water quality issues in Neva
phosphorus and not higher than 20% of nitrogen. and Nevskaja guba. Leningrad, RU: Gidrometeoizdat,

The main part in delivering of biogeneous formations pp: 106.
in the eastern part of the Gulf of Finland is given to the 10. Hupfer, P. and K. Dethloff, (eds.), 2009. Selected
internal loading (up to 74%) the sources of which are contributions on results of climate research in East
represented by bottom sediments and inflow from a deep Germany (the former GDR) [Berichte zur Polar- und
part of the bay [10, 11]. Discharge of phosphorus from Meeresforschung (Reports on Polar and Marine
Nevskaja Guba makes up only 16% of total loading. The Research)], Bremerhaven, DU: Alfred Wegener
partial contribution of effluents from suburbs is negligibly Institute for Polar and Marine Research, 588:  198.
small (0.1%). 11. Hupfer, P., 1982. The Baltic is a small sea with great
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