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INTRODUCTION

The Baltic Sea is a unique ecological system, 
an integral part of the global ecosystem . It is in 
dire need of protection from the destructive an-
thropogenic impact caused by the production and 
consumption of nuclear energy and artificial radio 
nuclides, agriculture, transportation of petroleum 
and petroleum products, industrial and municipal 
wastewater, as well as solid waste [Kartamysheva 
and Ivanchenko 2017]. 

The Baltic Sea is one of the most polluted seas 
of Europe today. Most of its territory is currently 
classified as «affected by eutrophication» [Ves-
man 2012]. The natural balance of the Baltic Sea 
is seriously disturbed by excessive nutrient inputs 
(nitrogen and phosphorus) as a result of the hu-
man activity. The sources of these substances are 
agricultural land, air emissions, power plants, in-
dustrial facilities and fish farms, as well as waste-
water treatment plants. Annually, the Baltic Sea 
receives nutrients, averaging 640  thousand tons 
of nitrogen and 30 thousand tons of phosphorus, 

as well as a significant amount of heavy metals 
and chemicals that are products of pesticides de-
composition  [Wastewater treatment 2009].

In addition to the intensive anthropogenic im-
pact, the degree of pollution of the Baltic Sea is 
greatly increased due to natural factors. The main 
ones are limited water exchange and a significant 
river flow, which introduces various pollutants 
and significantly desalinates the sea water. [Ef-
fectiveness of urban wastewater 2005].

The regulation and solution of environmen-
tal problems in the Baltic Sea is complicated by 
the fact that there are nine states on its coast, 
with significant differences in the environmen-
tal legislation. The environmental situation in 
the Baltic Sea is currently extremely difficult, 
despite the adoption of a number of interna-
tional agreements and the Helsinki Convention 
on the Protection of the Marine Environment 
of the Baltic Sea Region. [Kartamysheva and 
Ivanchenko 2017].

A significant contribution to the pollution of 
the Baltic Sea basin is equally made by all countries 
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ABSTRACT
The research is devoted to assessing the negative impact of the amber-succinite deposit in the Kaliningrad region 
as one of the sources of complex pollution of the Baltic Sea waters. The Baltic Sea is one of the most polluted 
water bodies in Europe today. There are many natural and anthropogenic factors that cause this ecological situa-
tion. Industry is one of the significant contributors to the pollution of the waters of the Baltic Sea. The industrial 
wastewater discharged into the Baltic Sea often does not comply with the state ecological standards. The wastewa-
ter disposal system modernization by creating a recycled water supply is one of the most effective ways to reduce 
the negative impact of industrial wastewater on the Baltic Sea ecosystem nowadays. This technological solution 
allows to significantly reduce or to completely prevent the discharge of wastewater into the Baltic Sea.
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on its coast, including Russia. The Kaliningrad 
Amber Plant is one of the most intense sources 
of negative impact on the ecosystem of the Baltic 
Sea from the territory of Russian Federation.

The activity of this company is the extrac-
tion of natural mineral – amber-succinite. The 
development of amber deposits at this enterprise 
is carried out using a combined mining system. It 
combines the excavation of rock by draglines and 
the erosion of the enclosing and amber-bearing 
rocks by hydro monitors with transportation of 
the resulting pulp through slurry pipelines using 
a dredger. The tailings, obtained after the extrac-
tion of amber from the received pulp, enter the 
tailing dump located on the beach of the Baltic 
Sea in the former Pokrovskaya Bay. The total 
area of the tailing dump is 83 hectares, and the 
amount of waste accumulated in it at the end of 
2016 was more than 573  thousand cubic meters 
(about 950 thousand tons).

The pulp formed as a result of the erosion of 
overburden rocks is partially (~30%) fed to the 
tailing dump, partially (~70%) to the escarp-
ment fencing of dam of the tailing dump. Such 
a method of storing overburden is necessary to 
strengthen the escarpment fencing of the dam, 
which protects the tailing dump from the destruc-
tion by the sea. The artificial water-protective sea 
beach is injected due to the discharge of pulp and 
sedimentation of soil particles.

The water entering the tailing dump with 
pulp, as well as the quarry water, is discharged 
at a distance of about 20 meters from the water’s 
edge and then it is diverted into the Baltic Sea 
along the beach. The wastewater undergoes a pro-
cess of mechanical cleaning (settling) in the set-
tling ponds of the tailing dump before being dis-
charged. Every year, more than 26 million cubic 
meters of wastewater is discharged into the Baltic 
Sea at the enterprise.

Nowadays, a direct-flow wastewater system 
functions at the enterprise and it includes two 
wastewater discharges. It is the main source of 
pollution of the Baltic Sea waters on the enter-
prise. This scheme is irrational, not only from an 
ecological point of view, but also from a tech-
nological one, because it has a number of draw-
backs. The main ones include the inefficient use 
of pumped wastewater, high environmental pay-
ments for using the natural beaches of the Baltic 
Sea to store industrial waste and a high risk of 
breaking of the tailing dump dam. In addition, the 
efficiency of wastewater treatment carried out at 

the enterprise is insufficient, since significant ex-
cess concentrations of certain pollutants had been 
identified [Sokolov et al. 2015].

In this regard, the relevance of the research is 
justified by the urgent need to conduct wastewater 
disposal system modernization at the enterprise 
in question. It will reduce the negative impact on 
the waters of the Baltic Sea, which have a weak 
self-recovery potential [Lundstrom 2010].

MATERIALS AND METHODS

The main methods of research were: sys-
tem analysis of the fundamental scientific works 
of Russian and foreign scientists in the field of 
mining and processing of mineral resources, en-
vironmental management, modernization of the 
wastewater disposal system of industrial facilities 
through the introduction of a recycled water sup-
ply; environmental monitoring and assessment of 
the quality of wastewater and concentrations of 
pollutants in the marine water in the impact zone 
of the enterprise under consideration; mathemati-
cal methods for calculating the dilution rate of 
wastewater when they are discharged into surface 
water bodies, in accordance with the methods ap-
proved in the Russian Federation; the methods of 
statistical analysis and software calculations for 
predicting the state of the water basin after the 
introduction of a recycled water supply and, as 
a consequence, a decrease in the volume of dis-
charged wastewater.

Environmental monitoring of the state of 
surface water in the coastal strip of the Baltic 
Sea, located in the impact zone of the enterprise 
in question, was conducted in accordance with 
GOST 17.1.3.07-82 «Nature protection. Hydro-
sphere. Rules for water quality control of reser-
voirs and watercourses» [GOST 17.1.3.07-82].

The sampling of wastewater and natural water 
for analysis under laboratory conditions was car-
ried out in accordance with GOST 31861-2012 
«Water. General requirements for sampling» 
[GOST 31861-2012].

The concentrations of chemical elements in 
the water samples were investigated with the 
methods of ion exchange chromatography and 
atomic absorption spectrometry using high-
precision analytical equipment in an accred-
ited Laboratory of Environmental Monitoring 
of the Saint-Petersburg Mining University, in 
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accordance with the approved methods [Scien-
tific instrument base 2018].

The environmental and economic efficien-
cy, and the payback period of the project of the 
introduction of a recycled water supply at the 
enterprise under consideration were calculated  
using the method for calculating the dilution 
rate of wastewater approved in the Russian 
Federation [Order of the Ministry of Agricul-
ture 2016] and the method of calculating pay-
ments for wastewater discharge [Ministry of 
Natural Resources 2007].

RESULTS AND DISCUSSION

The environmental monitoring carried out on 
the territory of the production enterprise under 
consideration showed that the discharge of waste-
water into the Baltic Sea is carried out through 
2 industrial wastewater discharges.

The first discharge of wastewater is classi-
fied as concentrated and coastal. The wastewater 
from the tailing dump and also the quarry water 
are discharged into the Baltic Sea by the first dis-
charge. Preliminary treatment is carried out only 
in the settling ponds of the tailing dump and in-
cludes gravitational sedimentation of suspended 
substances. The treatment efficiency is no more 
than 60%. The treatment of quarry water is not 
performed at all. The water from tailing dump, as 
well as the quarry water, is discharged at a distance 
of about 20 meters from the water’s edge and then 
it is diverted into the Baltic Sea along the beach.

The second discharge of wastewater at the en-
terprise is the distribution slurry pipeline. About 
70% of all tailings discharge on the slope of dam 

of the tailing dump through the end discharge of 
this slurry pipeline. The end discharge of the slur-
ry pipeline is located at a distance of about 50 m 
from the Baltic Sea. Such a method of stocking of 
tailings is necessary to strengthen the barrier dam, 
which protects the tailing dump from the destruc-
tion by the sea. The artificial water protective 
sea beach is formed due to sedimentation of soil 
particles in the process of tailings discharge onto 
a barrier dam. At the same time, the enclosing 
wastewater flows by gravity into the Baltic Sea.

A quantitative analysis of the wastewater 
samples from both wastewater discharges was 
carried out using high-precision analytical equip-
ment at the Laboratory of Environmental Moni-
toring of Saint-Petersburg Mining University. It 
showed significant exceeding of standard indica-
tors for some pollutants (Table 1).

The table shows that there is an excess of 
the maximum permissible values, established 
for a water body of the highest category of water 
use [Sinisi and Aertgeerts 2010], for suspended 
substances, iron, sulfates and chlorides on both 
wastewater discharges with the existing wastewa-
ter disposal system. In this way, the authors came 
to the conclusion that it is impossible to use the 
existing wastewater disposal system and there is 
a need to optimize the environmental activities of 
the enterprise under consideration.

The authors proposed three different tech-
nological solutions for the modernization of the 
wastewater disposal system on the Amber Plant 
as a result of analyzing a large amount of scien-
tific literature and project documentation.

The most effective solution from the point of 
view of environmental protection is the construc-
tion of a new tailing dump in the spent space of 

Table 1. Results of a quantitative analysis of wastewater samples from both discharges

Pollutant Wastewater discharge No. 1 
Actual concentration, ppm 

Wastewater discharge No. 2 
Actual concentration, ppm

Maximum permissible 
concentration, ppm

Suspended substances 64.300 59.250 30.000
Biological oxygen consumption 4.350 3.350 2.000
Iron 0.371 0.210 0.050
Nitrite ion 0.028 0.026 0.026
Nitrate ion 0.675 3.318 3.318
Ammonium ion 0.390 0.710 0.710
Phosphate ion 0.053 0.050 0.050
Sulfate ion 320.175 247.750 247.750
Chloride ion 2465.000 1141.500 1141.500
Dry residue 6315.000 3242.500 3242.500
Oil products 0.012 0.011 0.011
Copper 0.005 0.002 0.002
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quarry, with a further transition to a closed recy-
cled water supply [Antonova et al. 2014]. At the 
same time, the existing tailing dump can be de-
commissioned and reclaimed. However, the envi-
ronmental and economic calculations showed that 
this technological solution requires significant 
capital expenditures, as well as a large amount of 
time for creating  a new tailing dump. It makes 
the implementation of such a project economi-
cally unfeasible today [Pashkevich et al. 2019].

The second technological solution is the com-
plete technical re-equipment of the enterprise, 
with the departure from the existing technology 
of hydraulic erosion, and the transition to a trans-
port scheme for mining, consisting in excavation 
of rock by draglines. In this case, it is possible to 
completely eliminate the wastewater discharges 
as a result of the introduction of closed recycled 
water supply. Besides, it is possible to create a 
practically waste-free production, since the over-
burden rock and the dehydrated amber-bearing 
rock, after the extraction of amber, can be stored 
in the spent space of the quarry. The reclamation 
of the quarry will be conducted by backfilling the 
spent space [Caruso et al. 2011]. This scheme is 
promising due to a high degree of preservation 
of amber and high environmental performance. 
Unfortunately, it is practically impossible to im-
plement this project today, since it would be nec-
essary to suspend mining operations, which will 
entail significant losses due to the ever-increasing 
demand for amber-succinite. In this case, the pay-
back period will be more than 12  years, which 
is not economically feasible at this stage [Semy-
achkov et al. 2018].

Therefore, the authors decided that the tran-
sition to the recycled water supply is an optimal 
technological solution for the modernization of 
the wastewater disposal system of an Amber Plant 
in terms of its economic and environmental effect, 
as well as its technological feasibility. This tech-
nological solution provides for the use of waste-
water accumulating in the tailing dump, as well as 
all quarry water for the erosion of amber-bearing 
rock. This decision will lead to a significant re-
duction in natural water intake and, accordingly, 
to a reduction in the volume of wastewater dis-
charges into the natural water body (Baltic Sea) 
due to the complete elimination of wastewater 
discharge No. 1. [Pashkevich et al. 2013].

The main idea is to build a water-pumping 
station on the shore of the Baltic Sea in the imme-
diate vicinity of the current wastewater discharge 

No. 1 and the laying of the main pipeline. This 
pipeline will connect the created pumping sta-
tion with the tailing dump, which will allow us-
ing the discharged quarry water and the waste-
water from the tailing dump in the recycled 
water supply, directing them to the hydro moni-
tors to erode the rock [Matveeva et al. 2018].

It is possible to completely eliminate the 
discharge of wastewater No. 1, using them into 
recycled water supply for the amber rock water 
erosion, while implementing the proposed envi-
ronmental protection solution. At the same time, 
wastewater discharge No. 2 will remain the same, 
as the proposed technological solution does not 
allow to stop the process of strengthening the es-
carpment of the dam of the existing tailing dump. 
At the same time, the modernization of wastewa-
ter treatment plants will not be required, since the 
quality of water in the tailing dump and the qual-
ity of the quarry water meet the technological re-
quirements for the water used in hydro monitors.

CONCLUSIONS

On the basis of the study, a diagram was con-
structed by the authors reflecting the decrease in the 
volume of wastewater discharged to the Baltic Sea 
each month as a result of the implementation of the 
proposed technological solution (Figure 1). While 
building the diagram, the amount of precipitation 
falling on this territory in accordance with long-
term observations was also taken into account.

The calculations showed that the discharge 
of wastewater can be reduced by more than 60% 
in the case of implementing the proposed scheme 
of modernization of the wastewater disposal sys-
tem through the introduction of a recycled water 
supply. It is possible due to the complete elimina-
tion of the discharge of wastewater from the tail-
ing dump and quarry waters (discharge No. 1). 
At the same time, wastewater discharge No. 22 
will remain the same, as the proposed technologi-
cal solution does not allow to stop the process of 
strengthening the escarpment of the dam of the 
existing tailing dump. There is a high risk of ero-
sion of the dam of the tailing dam and – as a re-
sult – a man-made disaster in the event that the 
process of strengthening the dam escarpment on 
the existing tailing dump is averted.

At the same time, the water withdrawal from 
the Baltic Sea will be reduced by 70–80% in the 
case of the implementation of the proposed water 
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disposal system with a partially recycled water 
supply. Renewal of water intake will be necessary 
only in the event of a significant drought in the 
region and a shortage of the volume of circulating 
water for the realization of the technological cycle 
of the extraction of amber-succinite. The water 
supply of the proposed method could be imple-
mented without the need to pump natural water 
from the Baltic Sea if the amount of precipitation 
will not be lower than the average perennial.

Moreover, a comparative analysis of the ex-
isting materials for water pipes was carried out by 
the authors. It was decided that the main material 
from which the water pipes are made corrodes to 
a large extent, which leads to an increase in the 
concentration of iron in the wastewater. In this 
regard, the pipes made of low-pressure high-den-
sity plastic have the most optimal technical and 
economic indicators. They have high strength, are 
not subject to silting and corrosion and are resis-
tant to abrasive wear. At the same time, they have 
a significant service life at a relatively low price, 
due to secondary raw materials are used in their 
production. The pipes made of low-pressure high-
density plastic do not emit toxic substances into 
the environment under the conditions of storage 
and operation; therefore, it is recommended to 
use this material during the construction of new 
pipelines and modernization of the existing ones 
[Sokolov et al. 2015].

The ecological and economic calculations 
showed that the payback period of the proposed 
environmental protection measure does not 

exceed 3 years, while the implementation of this 
measure will significantly reduce the negative im-
pact on the Baltic Sea ecosystem from the side 
of this enterprise. Additionally, it will reduce the 
contribution of the Russian Federation to the inte-
grated pollution of the Baltic Sea by the countries 
located on coast of the Baltic Sea.
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