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1. Introduction

The Caspian Environment Programme (CEP) is a regional umbrella programme established by the Caspian littoral states and aided by the international agencies. The Caspian Centre for Pollution Control (CCPC) located in Baku is one of regional centres established by CEP and responsible for the assessment of pollution sources around the Caspian Sea.

The aim of the current study was the rapid assessment of contaminant loads with water and air emissions from point sources in Azerbaijan, Russian Federation (Dagestan, Kalmykia, Astrakhan area), Kazakhstan, and Turkmenistan. The study is based on the data that have been collected during the 2-year activity of the CCPC. The assessment of pollution load to the Caspian Sea from point sources in Islamic Republic of Iran is to be done by an Iranian expert.

The task of the present study had several purposes: 

· Validation of the data collected from the riparian sates

· Quantification of discharges on the uniform basis for all countries

· Identification of contaminants possibly omitted inadvertently from the previous work

The work was done in close cooperation with the CCPC staff and all experts, especially the industrial expert Anthi Charalambous who gave significant support.

2. Methodology

The Rapid Assessment Methodology of Point Sources (RAPS) was employed for pollution load assessment to the Caspian Sea from point sources in Azerbaijan, Russian Federation (Astrakhan area, Kalmikiya, and Dagestan), Kazakhstan, and Turkmenistan. The methodology, developed by the World Health Organization, has recently been substantially improved by the Global International Water Assessment (GIWA) team. The methodology (available online at http://pill.ims.plym.ac.uk) allows identifying the priority pollutants and provides approximate information on uniform basis on the load of contaminants with wastewater emissions from different types of industries. 

The input data for the program for the assessment of pollution load from different types of industries can be the production rate, number of employees, or raw material usage. The number of people connected to wastewater treatment plant (WWTP) and type of treatment (i.e. mechanical, biological) are necessary for assessment of contaminants loads with domestic wastewater.

3. Data Collection scheme

The data were collected according to the procedure established by CCPC and the data sources used for the assessment were the following:

· Reported data from the State Committees of Ecology or equivalent in each country

· Preliminary and detailed industrial questionnaires identifying production type, production rate, raw material consumption, air emissions, and discharge points

· Personal contacts with respective local Environmental Departments

· Previous work and reports of the CCPC experts

4. Limitations and Barriers

This section provides a review and outline of the data limitations that arose during identification, qualification, and quantification of pollution load from industries having direct or indirect discharges of contaminants to the Caspian Sea.

4.1 Data limitations regarding the information collection and discharge patterns

The major problem that arose during the estimation was due to the unsustainable economic situation in the countries and contradictory data provided by different sources. Most industrial plants do not operate at full capacity or do not operate at all, but significant pollution from those industries still occurs because of high level of soil contamination of the sites. In addition, the following list indicates the data limitations that substantially affected the derivation of the full pollution load scenario in the region.

· Data regarding Kalmykia Republic were not available

· Insufficient data were collected from Astrakhan region and Dagestan republic

· In some cases data on neither production rate nor number of employees were available, which made impossible the application of the RAPS program for the pollution load assessment

· Contradictory data on the industry profiles and discharge points from different sources especially from Russian Federation (Dagestan Republic and Astrakhan area)

· Information only on industries in areas directly adjacent to the sea with direct discharge to the sea mostly was collected. Therefore information on the industries discharging to the sea via WWTPs or rivers in some cases was extremely limited

· Incomplete information on production processes within plants 

4.2 Limitations regarding the application of RAPS methodology

The methodology does not support pollution load assessment from the types of industries listed below

· Gas refinery

· Power generation

· Onshore and offshore oil exploitation

· Some specific petrochemical manufacturing industries 

· Production of mineral chemicals

In this case data on pollution load were taken from the previous work of the CCPC experts.

In addition, GIWA methodology mostly allows identification and quantification of a subset of contaminants such as BOD and TSS discharged from various industries.  Therefore the data regarding such contaminants as heavy metals and COD are either incomplete or absent. 

5. Overview of Industrial Structure in the Caspian Region and Pollution Load Assessments

The detailed description of the major industries and discharge pattern in all the Caspian littoral states are given in /7/.

5.1 Azerbaijan

The Azerbaijani section of the Caspian Sea coastline is 800 km long. Baku and Sumgayit are the most populated and industrialized in comparison with the other regions of Azerbaijan and therefore can be considered as areas of the greatest environmental risk. 

5.1.1 Major Cities and Districts

The main population of the Azerbaijani section of the Caspian Sea lives on the Apsheron peninsula. The major cities here are Baku with population 2 ml inhabitants and Sumgayit – 340 thousands inhabitants, there are also small settlements included in the Apsheron District. 

There are only a few larger cities along the coastline to the north and south of the Apsheron peninsula discharging wastewater directly to the Sea. 

5.1.2 Industry

5.1.2.1 Oil industry

The RAPS methodology does not support the assessment of oil exploitation industry. The data in this section was based on the information submitted from Azerbaijan oil and gas operators and the CCPC experts' previous work /1,5,7,8/. 

The oil industry of Azerbaijan is the oldest in the world. Generally, the oil fields have been exploited for a long period, and the pressure of many wells has substantially declined. To compensate the falling flow of oil, it is generally accepted rule that most production water, which is separated from the oil is pumped back into the oil bearing geological strata.  

The oil industry discharge pattern based on reports of local authorities of Azerbaijan is given in Appendix 1, but due to the old equipment used and insufficient maintenance the quantity of discharged water might be much higher. 

5.1.2.2 Other Industries in Azerbaijan

Most industries of Azerbaijan with direct discharge to the sea are located on Apsheron Peninsula in Baku and Sumgayit. The production rate of the plants has been declining during the last 10 years. Currently most of the industrial plants do not operate at full capacity or do not operate at all. The production equipment is mostly out of date. 

Summary of industrial structure and discharge points of industries in Azerbaijan including oil exploitation industry is given in the Table 5.1

Table 5‑1: Industry classification and discharge pattern in the coastal zone of Azerbaijan /7/

Type of industry
Total number of Industries
Number of industries in operation
Discharge Points to the Sea

Cement manufacturing
1
1
1

Oil Refineries
3
3
3

Power Stations
5
4
4

Industrial Machinery, equipment, and Metal works
14
9
9

Shipyards
5
5
5

Aluminum Manufacturing
1
1
1

Chemical Industries
7
6
6

Glass Manufacturing
1
1
1

Textile
1
0


Breweries and beverages
6
3
1

Tea packing*
8
4
4

Dairy Products
3
1
1

Fish Products
2
2
2

Meat processing
10
2
2

Cannery, Fruit preserving
6
3
3

Grain milling and processing
3
2
0

Cotton/weaving/spinning**
3
2 (2 months/year)
2

Iodine Bromine Salts
1
0


Miscellaneous
23
16
11

Garages
3
2
1

Plastic Industries
1
1
0

Offshore oil and gas exploitation 
6
6
4

Onshore oil and gas exploitation
9
9
8

Total for Azerbaijan
122
83
69

* Only packing, no industrial wastewater is produced

** There are 2 cotton factories in Salyian and Neftchala operating at 5-10 % of capacity. No data were obtainable on either on production or number of employees

For discharge pattern of oil industry see Appendix 1

The pollution load estimation was not done for the Azeri Gas Refinery Plant and 3 power plants. The Pollution load estimation of industries according to the GIWA results in Azerbaijan is given in Appendix 1.

5.1.3 Sewage

5.1.3.1 Apsheron Peninsula except Sumgayit

There are 8 WWTPs on the Apsheron peninsula, which collect the domestic wastewater from approximately 1,400,000 people (about 60% of the population of the region).

Wastewaters of about 30% of the total population (600 000 inhabitants) connected to the sewage system are discharged to the Sea without treatment and about 10 % of population is not connected to the sewage system. A recent study of the physical condition of the collection system revealed that the collection system is generally in a bad shape and major cleaning and rehabilitation works are urgently needed /6/. 

The city of Baku has one major wastewater treatment plant – Govsani WWTP. The Baku Sewage Department “Bakkanalizaciya”, which is a branch of the Baku municipal administration, is the responsible body for the operation of the WWTP and the collection system. The Govsani WWTP does not maintain a denitrofication process and generally cannot comply with effluent standards.

In addition to the Govsani WWTP there are a number of smaller WWTPs in Baku and its nearby surroundings. Some of them are municipal plants while others are industrial WWTP receiving also domestic wastewaters from the nearby settlements. The WWTP of the oil refinery plant AZERNEFTYANAJAG processes domestic wastewaters as well. After secondary settling, the effluent is pumped to the outlet of the Govsani WWTP and the mixture of both flows is then discharged to the Caspian Sea /6/.

5.1.3.2 Sumgayit

The total Population is 340 000 inhabitants. The first part of the Sumgayit wastewater collection system was constructed in 1950. Later the system was extended to connect to the Sumgayit WWTP. The physical condition of the sewage collection system is bad. The Sumgayit WWTP plant was put into operation in 1967. Originally the WWTP was designed to treat wastewater from the Organic Synthesis industry. Later the municipal collection system was also connected, and presently it is assumed that some 300 000 inhabitants are connected to the WWTP. 

Currently the Sumgayit WWTP is out of operation and all the wastewater is discharged directly to the sea without treatment.

5.1.3.3 Cities outside Apsheron Peninsula

A number of cities with direct discharge of wastewater to the Caspian Sea have been identified. The total population of those cities with wastewater discharged to the sea is about 270 000 which is only 10 % of the population of Baku and Sumgayit together. 

All cities with the exception of Astara and Khudat have municipal sewage collection systems. The percentage of population connected to the sewage system varies from 10% in Nasosniy to 95 % in Gobustan /6/.

Construction of WWTPs in the majority of the cities was launched in 1980’s, but due to the lack of funds they have never been completed. Therefore all the wastewaters are discharged directly to the sea without any treatment.

No data are available on the quality of the wastewater discharged from the cities. In some cases data on the quality of water in canals exist, but since the canal water is a mixture of small streams, drain water, and domestic wastewater these data are not relevant with respect of the load of municipal wastewater. At least, they give a lower bound to the pollution load.

5.2 Russian Federation

There are 3 main areas to be taken into account in the Russian section of the Caspian sea: Dagestan Republic, Kalmykia, and Astrakhan oblast. Only limited information was obtained on industries in Russia and no information has been provided on Kalmykia. Information was obtained from the Environmental Authorities in Astrakhan and Dagestan. Below is presented the data based on information received, but it is judged that the number of industries discharging to the Sea directly or via major streams does not reflect the real picture in those areas. 

5.2.1 Industry

5.2.1.1 Astrakhan Oblast

Only 28 industries have been reported to discharge to the sea or rivers in the delta of the Volga River. The rest of the industries are connected to the WWTPs. The table below indicates the industries profile discharging directly to the Volga River or its tributaries. No industries have direct discharge of wastewater to the sea.

Table 5‑2: Industries in Astrakhan Oblast /7/

Type of industry
Number of Industries 
Number of Industries Discharging to the R. Volga

Canneries
3
3

Dairy Products: Ice-cream, bakery, confectionary
2
2

Fish processing/fisheries
9
9

Meat processing
2
2

Miscellaneous Industries
8
8

Power Plants
1
1

Refineries
1
1

Shipyards
2
2

Total
28
28

Astrakhan is well-known for fur and leather production and a number of tanneries are located in the oblast. According to the information received the tanneries are connected to wastewater treatment plants, which may affect the biological treatment processes and result in elevated level of heavy metals in sludge. The tanneries may discharge considerable amount of heavy metals to the river - directly or indirectly through WWTPs. It was also reported that no tanneries are currently in operation. 

28 industries were reported discharging to the Volga River or its tributaries, however data on a few industries have been received by the time and the CCPC is waiting for the filled in questionnaires from local ecological authorities.

Data on about 16 big and small fish processing and preserving industries were submitted with production rates. These data made possible estimation of their waste load using the RAPS methodology.

A power plant is located in Astrakhan produces heat and electricity. The amount of discharged water is about 110 mln. m3 per year. No detailed information was obtained on this station /7/. 

Two shipbuilding and ship repair facilities were identified in the Astrakhan area. Pollutant load based on the number of employees is given in Appendix 2.

The pollution load assessment from industries in Astrakhan Oblast based on information available at CCPC is shown in Appendix 2. 

5.2.1.2 Dagestan

Only 43 industrial plants were identified in Dagestan Republic, but it was stated that much more enterprises exist in Dagestan and almost all of them are located along the coastline or next to rivers falling into the sea. It means that there are a large number of unidentified point pollution sources in Dagetsan. The main industrial sectors are machinery, electronic equipment, food industry, leather industry, mining, and textile industry. The structure of the economy has changed during the last few years, which means that currently many large industrial plants are not in operation. 

Local expert provided a list of industries discharging directly to the sea, but as it was stated above a lot of industries have indirect discharge to the sea via small rivers or channels. Limited information was available on industries in the region and that limitation significantly hampered application of RAPS for point sources pollution assessment.

The Table 5-3 below summarizes the types and discharge points of industries identified in Dagestan. Because of lack of information it was not possible to carry out a detailed assessment. The assessment of the oil sector of Dagestan was hindered by the limited amount of information on onshore oil exploitation. 

Table 5‑3: Industries in Dagestan Republic /7/

Type of Industry
Number of plants
Number in operation
Discharge points




Sewage
Sea
Rivers

Breweries and drink manufacturers
1
1
1
0
0

Canneries
6
6
n.a
n.a.
n.a.

Dairy products: ice-cream, bakery, confectionary
1
1
n.a.
n.a.
n.a.

Electrical/electronics manufacturers
8
8
6
2
0

Fertilizers*
1
1
0
0
1

Meat processing
4
4
1
n.a.
n.a.

Metal works and garages
1
1
0
1
0

Oil and gas production
4
4
1
2
n.a.

Glass Manufacturing
1
1
1
0
0

Power Plants
2
2
n.a.
n.a.
n.a.

Water companies
8
8
n.a.
n.a.
n.a.

Total
43
34
10
5
1

* currently out of operation

5.2.2 Oil Industry

5.2.2.1 Astrakhan

At present 2 oilfields are being exploited with production of 3.6 ml. t/year. Four potential areas have been identified:

· Anatolyevskaya, narimanov region

· Balayevskaya, narimanov region

· Bankovskaya, narimanov region

· Buriundinskaya, Aktubinski region

In the Astrakhan region any reports have not been available regarding the oil pollution. There are no offshore oil extraction units in the Russian section of the Caspian Sea

5.2.2.2 Dagestan

One onshore oil field and one gas exploitation field have been identified in the vicinity of Makhachkala. A total 39 oil oilfields have been reported located in Dagestan /5/. 

5.2.3 Sewage

5.2.3.1 Astrakhan Oblast

The main city in Astrakhan Oblast is the city of Astrakhan with approximately 500 000 inhabitants. There are three WWTPs in Astrakhan city, and all of them have biological treatment. The WWTPs are operated by the VODOCANAL, which belongs to the city of Astrakhan. 

Official data on the effluent quality from WWTPs show low concentration of pollutants. At the same time it is stated that the treatment is not efficient. This highly contradictory information indicates that the data can not be relied upon for the preparation of load inventories. The city is located on the Volga delta and the wastewaters are discharged to the Volga River or its tributaries.

Seven cities including Astrakhan City discharging wastewater to the Volga River has been identified. The pollution inventory for cities and settlements with wastewater discharge to the Volga River and its tributaries is given in the Appendix.

5.2.3.2 Dagestan Republic

There are few cities located alongside the Caspian coastline. The main cities with direct discharge of domestic wastewaters are Makachkala, Derbent, Kaspiysk, and Izerbash. Only 2 of them have WWTP in Makhachkala and Kaspiysk both with biological treatment. The 2 coastline cities Derbent and Izerbash do not have a WWTP. Any data sets are not available on population connected to the sewage collection systems.

5.3 Kazakhstan

5.3.1 Industry

5.3.1.1 Atyrau Region (Oblast)

The biggest city in the region is Atyrau, with a population of 150 000 inhabitants. The are 49 industrial plants identified in the Atyrau region, but only 2 of them discharge directly to the Ural River. 

There are no artificial channels connected to the sea. Therefore neither industrial nor municipal wastewater can go directly to the sea. There are two evaporation ponds on the right hand and left-hand sides of the Ural River. All the wastewater is directed to these evaporation ponds or to the desert /7/.

5.3.1.2 Mangistau Region (Oblast)

The biggest city in the region is Aktau, with a reported population of 130 000 people. Two large-scale industries are established in the region /7/: 

1. Aktal Ltd. - the Inorganic Fertilizer Production Complex (which consists of a uranium processing and enrichment plant, a sulphuric acid production plant, and nitrogenous fertilizers plant), and 

2. Mangistau Nuclear Power Complex, which consists of 3 Thermal Power Plants and the fast neutrons reactor Bn-350 and associated distillation plant. 

AKTAL Ltd. Complex consists of 3 plants: the hydrometallurgical plant, a mineral fertilizer plant, and a sulphuric acid plant. Originally, Aktal was established as uranium enrichment plant, but the plant has stopped extraction of uranium. 

Mangistau nuclear Power Complex (MAEC in Russian) is the only reported industrial complex currently under operation and discharges wastewater to the Karabogasgol gulf. As stated above, the RAPS methodology does not support the assessment of power plants; therefore the data on this plant taken from previous work by CCPC experts /7/.

5.3.2 Oil industry

5.3.2.1 Atyrau 

The area covered with tar/oil in the oil producing fields is estimated as approximately 18,520 ha. There are several oil and gas production units in Atyrau. There are several onshore oil fields – Martishi, Kamishitovoy, Zhanatalap, Zapadnaya Morskaya, Terenozek, Botakhan, Karsak and others lie on the coastal area currently submerged due to water level rise. No adequate measures have been undertaken to seal the flooded oil wells and prevent leakage. As a result, these wells are potential sources of pollution /5/.

5.3.2.2 Aktau

There are 69 oil and gas fields located in Aktau area. The region has produced the 73 % of the total oil volume in Kazakhstan ever. 

It has not been possible to get full picture of the discharge of production water from the oil and gas extraction fields. It is dependent on oil location relative to the sea that production water is either re-injected or discharged to the deserts.

5.3.3 Sewage

The only city with discharge of wastewater to the sea is Aktau, which maintains two mechanical WWTPs. The wastewater collected from the lower part of the city, which is 75 % of the total flow from the city, goes to the KOC-1 WWTP.   During summer time, the effluent is used for irrigation purposes and only in wintertime it is discharged to the Caspian Sea. The remaining 25 % of the wastewater collected from the upper part of the city goes to the KOC-2 WWTP, where the effluent is discharged to lake “Koshkarada,” which does not have any direct connection to the sea /7/.

5.4 Turkmenistan

5.4.1 Industry

The coastal section of Turkmenistan is not densely populated and not characterized by intensive industrial activity. Although industrial activity is low, the condition of the few existing plants is bad. Most industrial plants have never carried out maintenance works and have never been updated.

Turkmenistan, like Kazakhstan, employs the common practice of wastewater discharge to deserts. A List of industries discharging to the Sea is given in the Table 5-4 below:

Table 5‑4: List of industries discharging to the Caspian Sea in Turkmenistan /7/

Type of industry
Number of plants
Number of plants in operation
Number of plants discharging to the sea

Chemical industries
2
2
1

Fish processing
2
2
2

Iodine and bromine salts
2
2
0

Oil and Gas exploitation onshore
6
6
0

Oil and gas exploitation Offshore
2
2
0

Power Plants
1
1
1

Refineries
1
1
1

Shipyards
1
1
1

Textile
1
0
0

TOTAL
21
20
6

No data are available on the oil and gas exploitation and refinery industry in Turkmenistan.

The refinery in Turkmenbashi is to a large extent rehabilitated and production equipment renewed. Wastewater is inappropriately treated and has high residual oil concentration, which is discharged to an artificial lake. The lake may at times get connected to the Sea during flooding, and is a potential source of impact.

Six on-shore oil and gas production units have been identified in Turkmenistan. All production units have been reported discharging to either evaporation fields or the desert. Two production units are located in the vicinity of the Caspian Sea and their wastewater discharge pattern should be investigated since a rise in water level may lead to an impact on the Caspian Sea. Data on submerged wells doesn’t exist. Two off-shore oil extraction fields has been identified, which discharges to an artificial lake (evaporation field).

5.4.2 Sewage

The only major city in the coastal zone of Turkmenistan is Turkmenbashi. Which has approximately 65 000 inhabitants. In Turkmenbashi it is in principle the practice to discharge treated or untreated wastewater to the desert evaporation fields. In some cases the effluent is also used for irrigation. However, according to /4/, the pumping station from which the wastewater is pumped to the evaporation field is in general out of operation and as a result the wastewater is discharged directly to the Sea through an emergency outlet. Two smaller towns – Cheleken and Bekdash also discharge directly to the Sea. None of these cities maintains a WWTP. 

6. Summary of Total Load to the Sea from Point Sources

A summary of total pollution load estimation from Azerbaijan, RF, Kazakhstan, and Turkmenistan done by previous experts of CCPC is given in Appendix 5.

6.1 Industrial pollution load

A Summary of the total load of pollutants from industries in the four Caspian littoral states (Azerbaijan, Russia, Kazakhstan and Turkmenistan) is given in table 6.1 below:

Table 6‑1: Summary of total contaminants load to the Caspian Sea from Industries
Contaminants load

(tons/year)
Azerbaijan
Russia
Kazakhstan
Turkmenistan
Total

BOD
1,811.0
1,489.0
585.4
484.1
4369.5

TSS
742.0
767.0

48.9
1557.9

Phenol
18.6



18.6

Oil
720.0
189.6
28.9
34.0
972.5

Mercury*
0.007-10.0



0.007-10

Total N
168.2
1.4
136.7
508.0
814.3

Total P
15.2
0.3
10.2

25.7

Cr
1.2



1.2

Sulfide
4.6



4.6

*The range is given for respectively treated and untreated wastewater discharge.

The Sumgayit Surface Active Plant (Azerbaijan) has been identified as the only source of mercury contamination of the Sea. Contradictory data was submitted on mercury discharges from the plant, which operates the mercury cell method of chlorine production. According to the official data of environmental authorities of Sumgayit, there is only one discharge point from the plant to the Sumgayit canal, which goes to the sea, and the main portion of the wastewater is recycled on-site. It is also stated that the wastewater is properly treated. However, the equipment is out of date and all the plants’ site is heavily polluted with mercury products. Additionally a big quantity of mercury containing sludge is stored on-site, which is a potential diffuse source of mercury leakage to the Sea. 

The actual load of heavy metals (e.g., Hg, Cr, Zn, Cu, etc.) is expected to be much higher since most of industrial plants manufacturing industrial machinery, electronics, and electrical apparatus have electroplating units, information about which is not available. The amount of oil discharged to the sea is also expected to be much higher due to the extremely insufficient information for the assessment of oil emissions to the Caspian Sea from all riparian states.  According to /5/ total load of petroleum hydrocarbons from different sources to the Sea is estimated around 116,000 t/year.

6.2 Domestic Wastewater Load

A summary of total load of contaminants from municipal wastewater treatment plants discharging to the Sea is given in the Table 6.2 below:

Table 6‑2: Domestic wastewater load of contaminants

Contaminants,

(tons/year)
Azerbaijan
Russia
Kazakhstan
Turkmenistan
Total

BOD
22,643.4
7,892.7
873.0
1,440.8
32,850

TSS
47,910.8
17,093.5
1,418.3
3,120.3
69,543

Total N
4,456.2
3,130.3
179.1
262.7
8,028

Total P
1,221.0
669.5
50.7
74.0
2,015

Bacteria1
6.26 10+21
2.18 10+21
2.4 10+20
3.98E+20
9.078 10+21

1 The bacteria data are provided as number of counts.

7. Air Emissions

7.1 Air pollution assessment

Industrial questionnaires forwarded to the industries contained section on air emissions, but since the CCPC have never proposed to assess the air emissions from industries in the Caspian littoral states, the data on atmospheric pollutants were limited. Nevertheless some of the industrial questionnaires from industries in AZ, RF, KZ, and TK provided data on air emissions that have been used for the present assessment of air emissions.

Contradictory data were submitted from industries on atmospheric pollution that hampered exact estimation of the actual load of contaminants to the atmosphere. Most industries reported that production equipment is out of date. In spite of this, the data on emissions of contaminants given are low and some are even lower than standards for emission limits specified in the environmental passports (permits). 

Since the data that were available during the assessment in some cases were neither reliable nor complete, there are several options given for estimating the air emissions. 

Sources and methods used for assessment are:

1. Industrial Questionnaires submitted by industries /7/;

2. Low data assessment methodology provided by UNIDO, which bases on pollution load per number of employees. The methodology is described at www.unido.org/doc/publications.htmls
It was only possible to apply the UNIDO methodology for assessment of air emissions from industries in Azerbaijan and Turkmenistan, because the number of employees required for the input into the UNIDO methodology was not available for the other countries.

The results of assessment of contaminants load to the atmosphere on the basis of data provided by industries are given in Appendix 6a. The results of assessment by UNIDO methodology for Azerbaijan and Turkmenistan are given in Appendix 6b. 

7.2 Summary of air pollution assessment

Summary of total load of contaminants to the atmosphere from the industrial activities is given in the Table 7.1. Estimations are based on the data reported by industries.

Table 7‑1: Summary of pollutants load to the atmosphere 

Country
NOX
SOX
Particulate
Oil/HC


tons/year

Azerbaijan
1525.0
6,756.1
4885.9
9,864.4

Russian Federation
1181.2
370.2
5963.5
124.7

Kazakhstan
108,930.0
100,511.0
63,798.0
37,266.2

Turkmenistan
1
44.2
1,210.0
0.2
31,011.3

Total
111,856
108,847
74,648
79,507

8. Conclusions and Recommendations

8.1 Conclusions

Insufficient data and information on industries and discharge pattern have been available to gain an accurate load scenario. Therefore the comprehensive list of hazardous contaminants and their loads must be much longer. From the findings of this assessment the following can be concluded:

8.1.1 Industry

The coastal area of Azerbaijan, particularly the Absheron Peninsular, where most of industries are located, is relatively more industrialized. Many industries in Azerbaijan discharge industrial wastewaters to the sea, either directly or indirectly via rivers, channels, or inadequately operating wastewater treatment plants

In Russia and particularly in Astrakhan area not all the industries were identified and contradictory data were submitted from Dagestan. No data sets were available from Kalmykia. In Dagestan most of large machinery and electronics manufacturing industries operate electroplating unit, but no information is available on their production rates and contaminants load. 

In the Atyrau and Mangistau Regions of Kazakhstan as well as in Turkmenistan coastal areas it is the common practice to discharge wastewater to evaporation fields or the desert. However, a nuclear power complex (Aktau, Kazakhstan) and several chemical plants in both Turkmenistan and Kazakhstan discharge wastewater directly to the Sea. Moreover, due to the deficient operation of pumping stations, some wastewaters are discharged to the sea instead of deserts. 

All coastal areas have significant amount of contaminants load to the Caspian Sea. However, the coastal areas of Azerbaijan and Russia are the areas of highest discharge of pollutants.

Very few plants have been reported to have on site treatment facilities. In most cases the on site treatment facilities are only mechanical and do not operate properly.

On the other hand, comparison of the results derived from the GIWA RAPS with the official data obtained from the participated countries available in the CCPC database and the estimations based on key figures presented in CCPC Industrial Report, concerning the BOD5, TSS and HC loads is shown in the following Figures 8-1 and 8-2.
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Figure 8‑1: Presentation of the BOD5, TSS and HC total loads to the Caspian Sea generated by industrial activities according to different data sources
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Figure 8‑2: Presentation of the BOD5, TSS, HC, Total N and Total P total loads from AZERBAIJAN industries according to different data sources

As also mentioned in a previous paragraph, not all the industrial sectors and industrial types can be assessed by the GIWA RAPS, therefore the pollution loads are underestimated. 

The pollution load estimations differ from one data source to another. To improve the environmental quality it is necessary to measure the same parameters in all the participated countries at a high accuracy level. In the Caspian region there are many small poorly treated effluents discharged to major rivers or sea, and direct discharges of untreated industrial effluents. Moreover, in order to determine the impacts of those discharges on ambient water quality, it is necessary to develop the diffusion and dispersion models of the emissions in the relevant water body.

8.1.2 Domestic wastewater

From the assessment of nutrients loads from municipal wastewater treatment facilities, the following can be concluded:

Most of the major cities have municipal wastewater collection systems, but generally only part of the population is connected to the sewage system. In some cases collected wastewater is discharged directly to the Sea bypassing WWTPs. In many smaller towns and settlements, there are no central collection systems. The wastewater from these agglomerations is typically discharged to the small deep ponds (pits), which can be considered as non-point sources of pollution. Additionally most wastewater collection systems are in bad shape, mostly due to insufficient maintenance. 

The vast majority of municipal wastewater comes from the western and northern coastlines of the Sea since these areas are most populated (excluding Iran). The city of Baku makes up the largest single point source, with discharge of municipal wastewater corresponding to approximately of 40 % of the total amount of municipal wastewater discharged to the Caspian Sea in the four northern countries.  

Generally the majority of WWTPs operate either mechanical or biological treatment.

Pollutant
GIWA

(tons/yr)
CCPC Report

(tons/yr)

BOD5
32,850
54,874

Total N
8,028
18,265

Total P
2,015
4,798

The GIWA methodology provides good results regarding the domestic wastewater loads. This Table summarises the annual load for selected pollutants, as derived from GIWA and the CCPC /6/ report.
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Figure 8‑3: Presentation of the BOD5, Total N and Total P loads from domestic wastewater according to different data sources

8.1.3 Air emissions

Although the data provided on the pollution load to atmosphere are not complete, but some general conclusions can be derived. This study revealed that considerable amounts of contaminants are discharged to the atmosphere from the 4 countries that significantly affect the air quality in both big cities and their surroundings. They are also significant sources of pollution of the Caspian Sea
The aforementioned can be summarized as follows:

· Only few industrial plants provide on-site treatment. In most cases treatment involves only mechanical treatment and in many cases it does not operate properly

· The central wastewater treatment plants receive both industrial and municipal wastewater. 

· Very few of identified industries implement waste minimization actions or take actions on improvement of environmental performance

· In many cases effluent with high concentration of hazardous substances and heavy metals is discharged directly to the sea

· The practice of using evaporation fields without any treatment of wastewater is considered to be poor wastewater management technique, because of the possible flooding with seawater during wintertime.

· None of the existing WWTP have nitrogen removal units

8.2 Recommendations

On the basis of the study the following actions can be recommended

· A uniform data collection and a monitoring systems of both air and wastewater emissions should be established in all the riparian states in order to estimate the exact load of pollutants both to the atmosphere and to the Sea.

· Data collection scheme for Kalmykia is to be established and new study for further identification of industries and their discharge pattern in Astrakhan area and Dagestan should be implemented.

· Existing emissions standards for wastewater discharges and air emissions should be reviewed. Measures and actions should be undertaken to comply with international standards and minimize pollutants load to the Caspian Sea from both industrial and municipal wastewaters

· A program should be established for phased improvement of industrial and domestic wastewater treatment facilities 

· A data collection system should be established for further assessment of non-point sources in all the Caspian littoral countries

· Conduction of training programs and seminars on modern environmental management, environmental protection, and labor safety
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Sheet1

		Contaminants load		Azerbaijan		Russia		Kazakhstan		Turkmenistan		Total

		(tons/year)

		BOD		1,811.00		1,489.00		585.4		484.1		4369.5

		TSS		742		767				48.9		1557.9

		Phenol		18.6								18.6

		Oil		720		189.6		28.9		34		972.5

		Mercury*		0.007-10.0								0.007-10

		Total N		168.2		1.4		136.7		508		814.3

		Total P		15.2		0.3		10.2				25.7

		Cr		1.2								1.2

		Sulfide		4.6								4.6

		Azerbaijan

				BOD		TSS		Nitrogen		Phosphorus		E. Coli		Oil		Hg		Cd		Phenols

		Sources		T/y		T/y		T/y		T/Y		10^15 C/y		T/y		T/y		T/y		T/y

		Rivers		2,043.6		183,596.0		128.6		15.7				193.4						9,221.0

		Municipalities		37,500.0				12,500.0		3,250.0		2,740.0

		Industries		5,590.0		27,314.0		852.0		295.0				12,807.0		9.6		770.5		2,010.0

		Total		45,133.6		210,910.0		13,480.6		3,560.7		2,740.0		13,000.4		9.6		770.5		11,231.0

		Russian Federation

				BOD		TSS		Nitrogen		Phosphorus		E. Coli		Oil		Hg		Cd		Phenols

		Sources		T/y		T/y		T/y		T/Y		10^15 C/y		T/y		T/y		T/y		T/y

		Rivers		261,000				119,000		47,000				47,000

		Municipalities		15,500				5,000		1,350		1,240

		Industries		4,928		4,992		332		149		0,00		8864		0.1		56		131

		Total		281,428		4,992		124,332		48499		1,240		55,864		0.1		56		131

		Kazakhstan

				BOD		TSS		Nitrogen		Phosphorus		E. Coli		Oil		Hg		Cd		Phenols

		Sources		T/y		T/y		T/y		T/Y		10^15 C/y		T/y		T/y		T/y		T/y

		Rivers		24,203		3,766,500		4591		554		43976		400

		Municipalities		274				364		91		0.02

		Industries		2931				7,116		188		0,00		1,775

		Total		27,408		3,766,500		12,121		833		43976		2,175

		Turkmenistan

				BOD		TSS		Nitrogen		Phosphorus		E. Coli		Oil		Hg		Cd		Phenols

		Sources		T/y		T/y		T/y		T/Y		10^15 C/y		T/y		T/y		T/y		T/y

		Rivers

		Municipalities		1,600				400		107		130

		Industries		1,484		821,299		108		3,964		0,00		561

		Total		3084		821,299		508		4071		130		561

		Industrial Pollution Load According to the oficial data obtained from the participated countries and are stored in the CCPC database

				Az		RF		KZ		TURK

		Total N		2.2		2.9						5.1

		Total P		1.2		243.9						245.1

		BOD		408.4		1118.6		20498		1650.7		23,675.7

		TSS		1800		85300		111900		1200		200,200.0

		COD		10.43								10.4

		HC		1616.6				4587.1		149.6		6,353.3

		Metas		0.48		1.94		2748.7		3		2,754.1





industrial load

		Azerbaijan

		Contaminants load		GIWA		Industrial Report CCPC		CCPC Database		Russia		Kazakhstan		Turkmenistan		Total

		BOD		1,811.00		5,589.70		408.4		1,489.00		585.4		484.1		4369.5

		TSS		742		27,314		1800		767				48.9		1557.9

		Phenol		18.6												18.6

		Oil		720		12,807		1616.6		189.6		28.9		34		972.5

		Mercury*		0.007-10.0												0.007-10

		Total N		168.2		852		2.2		1.4		136.7		508		814.3

		Total P		15.2		294.5		1.2		0.3		10.2				25.7

		Cr		1.2												1.2

		Sulfide		4.6												4.6

		Russia

		Contaminants load		GIWA		Industrial Report CCPC		CCPC Database

		BOD		1,489.00

		TSS		767

		Phenol

		Oil		189.6

		Mercury*

		Total N		1.4

		Total P		0.3

		Cr

		Sulfide

		TOTAL

		Contaminants load		GIWA		Industrial Report CCPC		CCPC Database

		BOD5		4,369.5		17,653.7		23,675.7

		TSS		1,557.9		862,567.8		200,200.0

		Phenol		18.6

		HC		972.5		24,866.2		6,353.3

		Mercury*		0.007-10

		Total N		814.3		8,505.8		5.1

		Total P		25.7		4,611.0		245.1

		Azerbaijan

				BOD		TSS		Nitrogen		Phosphorus		E. Coli		Oil		Hg		Cd		Phenols

		Sources		T/y		T/y		T/y		T/Y		10^15 C/y		T/y		T/y		T/y		T/y

		Rivers		2043.56		183596		128.6		15.7				193.4						9221

		Municipalities		37,500				12,500		3,250		2,740

		Industries		5,589.70		27,314		852		294.5		0,00		12,807		9.6		770.5		2009.6

		Total		45,132		210,910		13,480.60		3560.2		2740		13,000.40		9.6		770.5

		Russian Federation

				BOD		TSS		Nitrogen		Phosphorus		E. Coli		Oil		Hg		Cd		Phenols

		Sources		T/y		T/y		T/y		T/Y		10^15 C/y		T/y		T/y		T/y		T/y

		Rivers		261,000				119,000		47,000				47,000

		Municipalities		15,500				5,000		1,350		1,240

		Industries		4,928		4,992		332		149		0,00		8864		0.1		56		131

		Total		281,428		4,992		124,332		48499		1,240		55,864		0.1		56		131

		Kazakhstan

				BOD		TSS		Nitrogen		Phosphorus		E. Coli		Oil		Hg		Cd		Phenols

		Sources		T/y		T/y		T/y		T/Y		10^15 C/y		T/y		T/y		T/y		T/y

		Rivers		24,203		3,766,500		4591		554		43976		400

		Municipalities		274				364		91		0.02

		Industries		2931				7,116		188		0,00		1,775

		Total		27,408		3,766,500		12,121		833		43976		2,175

		Turkmenistan

				BOD		TSS		Nitrogen		Phosphorus		E. Coli		Oil		Hg		Cd		Phenols

		Sources		T/y		T/y		T/y		T/Y		10^15 C/y		T/y		T/y		T/y		T/y

		Rivers

		Municipalities		1,600				400		107		130

		Industries		1,484		821,299		108		3,964		0,00		561

		Total		3084		821,299		508		4071		130		561

		Industrial Pollution Load According to the oficial data obtained from the participated countries and are stored in the CCPC database

				Az		RF		KZ		TURK		TOTAL

		Total N		2.2		2.9						5.1

		Total P		1.2		243.9						245.1

		BOD		408.4		1118.6		20498		1650.7		23675.7

		TSS		1800		85300		111900		1200		200200

		COD		10.43								10.43

		HC		1616.6				4587.1		149.6		6353.3

		Metas		0.48		1.94		2748.7		3		2754.12
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Sheet3

		Source		BOD		Total-N		Total-P		E. Coli

				tonnes/year		tonnes/year		tonnes/year		1015 c./

										year

		Total Azerbaijan		37,500		12,500		3,250		2,740

		Total Kazakhstan		274		365		91		0.02

		Total Russia		15,500		5,000		1,350		1,240

		Total Turkmenistan		1,600		400		107		130

		Total Caspian Sea		54,874		26,000		6,850		6.7E+18

		Contaminants,		Azerbaijan		Russia		Kazakhstan		Turkmenistan		Total

		(tons/year)

		BOD		22,643.40		7,892.70		873		1,440.80		32,850

		TSS		47,910.80		17,093.50		1,418.30		3,120.30		69,543

		Total n		4,456.20		3,130.30		179.1		262.7		8,028

		Total P		1,221.00		669.5		50.7		74		2,015

		E-coli1		6.26 10+21		2.18 10+21		2.4 10+20		3.98E+20		9.078 10+21

				Azerbaijan		Kazakhstan		Russia		Turkmenistan		Total

		BOD		37,500		274		15,500		1,600		54,874

		Total-N		12,500		365		5,000		400		18,265

		Total-P		3,250		91		1,350		107		4,798

		E. Coli

		Pollutant		GIWA		CCPC Report

		BOD		32,850		54,874

		Total N		8,028		18,265

		Total P		2,015		4,798

		E-coli1		9.078 10+21
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