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PREFACE

Present time is marked with growing attention to environmental issues of persistent organic pollutants (POPs). Two recent international agreements are devoted to POPs: Protocol on POPs to the Convention on Long-Range Transboundary Air Pollution (adopted in 1998) and Stockholm Convention (adopted in May 2001). 

POPs are defined as compounds with high toxicity, stability in environment, ability to migration in food chains and high bioaccumulation potential. This create the necessity of strict criteria development for POPs emissions and accumulation limits in the environment and human body. 

The paper considers methodology and results of identification of sources and evaluation of emission for persistent organic pollutants on the territory of Belarus; they were partially described earlier (Kakareka, 2000; Kakareka et. al, 2001). Main attention was paid to compounds included in Protocol on POPs (1998) so to prepare national emission data of these substances to EMEP. 

Outline of selected persistent organic pollutants
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According to the POPs Protocol (1998), persistent organic pollutants are organic substances  that 1) possess toxic characteristics, 2) are persistent 3) bioaccumu​lative 4) are prone to long-range transboundary atmospheric transport and deposition, and 5) are likely to cause significant adverse human health or environmental effects near to and distant from their sources. Half life of POPs in the atmosphere – more then 2 days, in water - > 2 months, in soils and sediments – more than 6 months. POPs emission inventory has a great significance as a starting point for pollutant flows modelling, impact and risk assessment.

List of substances, included into Annexes I-III of the POPs Protocol (1998)
	Substances scheduled for elimination
	Substances scheduled for restrictions on use
	Substances with refe​rence year obligations

	Hexachlorobenzene , Toxaphene, Chlordane, Aldrin, DDT, Mirex, Dieldrin, Endrin, Heptachlor, Hexa​brom​bifenyl, Chlordecone, Polychlorinated biphenyls 
	DDT

Hexachlorocyclohexane  
Polychlorinated biphenyls


	Polycyclic aromatic hydrocarbons (PAH)*

Dioxins/Furans

Hexachlorobenzene)


* - 4 indicator species: benzo(a)pyrene, benzo(k)fluoranthene, benzo(b)fluorantene, indeno (1,2,3 – c,d)pyrene

Stockholm Convention on POPs incorporates the same pollutants except PAHs.

POPs LEGISLATION AND REGULATION 
In Belarus  POPs standards are developed poorly. For a most of substances permissible limits adopted in the USSR existence are used now. 

Dioxins/furans permissible concentration limits
	
	Russia
	USA
	Germany

	Ambient air, pg/m3
	0.5 
	0.02 
	

	Drinking water, ground waters, surface waters, pg/l
	20 
	0.013 
	0.01 

	Soils, ng/kg
	0.133 
	0.1 
	1.0

	Milk and dairy products, ng/kg
	5.2 
	
	1.4

	Fish and fish products (as calculated for fat), ng/kg
	11.0 (88.0) 
	
	

	Meat (as calculated for fat), ng/kg
	0.9 (3.3) 
	0.9
	

	Foodstuffs, ng/kg
	0.036
	0.001
	


PAH
From PAHs quality standards are issued only for benzo(a)pyrene:
· in the air of populated area, average daily - 1 ng/m3; 

· in the water of household-drinking reservoirs - 0.005 (g/l;

For soils as the pollution evaluation value 20 (g/kg is used.

Polychlorinated biphenyls (PCB) 
In Belarus the following standards are used:

· for PCB in the working area air - 1 mg/m3; trichlorobyphenil in residential areas air - 0.001 mg/m3
· for PCB (tri- and penta) in drinking waters - 0.001 mg/l;
· ACL for soils: 0.06 mg/kg PCB; 0.03 mg/kg TCB.

SOURCES AND Pathways of POPS

There are various ways of POPs releases into the environment. 
а) release directly with emissions as combustion by-product or other process; 

b) release as a result of direct introduction into environment;

c) release as a result of product containing this pollutant as impurity use;
d) release as a result of re-emission from substrates polluted with POPs (reservoirs - soils, waters, waste, sewage residues) or products.
Such POPs as pesticides are released, first of all, as a results of plant protection chemicals usage. Some other chemicals (polychlorinated biphenyls (PCBs), pentachlorophenol) are used as oils, as dielectric and cooling fluids in capacitors and transformers, for wood preservation, etc. and are released into the environment as a result of spills and evaporation. A number of substances (dioxins/furans, polycyclic aromatic hydrocarbons (PAHs), hexachlorobenzene) are by-products of many processes, mainly, thermal (fuel combustion and waste incineration, ferrous industry, coke and aluminium production, road transport, chemical synthesis of chlorinated substances, etc.) and are emitted directly into the air. 
SOURCES OF DIOXIN/FURAN EMISSION

	Incomplete combustion/thermal processes
	- waste combustion 
- stationary fuel combustion

- thermal processes in ferrous industry (sinter production, electric arc steel, secondary lead, copper, aluminium)
- mobile sources (mainly due to additives with chlorine)
- structural and accidental fires

- forest fires

- open burning of wastes

	By-product/pollutant in chemical production
	- chlorinated chemicals production (chloroanylin dyes, PCB, PCP, 2,4,5 –trichlorophenol, 2,4 – D etc.)

- paper bleeching

- usage of hexachloroethane in aluminium pro​duction

- chlorinated solvents production

	
	- pestisides and other products polluted with dioxins/furans application (chloroanylin dyes, PCB, 2,4,5 –trichlorophenol, 2,4 – D etc.)


SOURCES OF POLYCHLORINATED BIPHENYL EMISSION

	Production of PCB and their application 
	- dielectric fluids in capacitors and transformers 

- plastifiers, dyes etc.

	Utilization of materials with PCB
	- capacitors and transformers reclamation

	Reservoir emission
	- storage of PCB and products
- landfills
- polluted water and soils

	Thermal processes
	- combustion of fuel polluted with PCB

- incineration of wastes 

- thermal processes in ferrous industry (mainly with scrap reclamation)


Largest part of PCB was used in electrical equipment.

SOURCES OF PAH EMISSION

	Incomplete combustion/thermal processes
	- stationary fuel combustion

- thermal processes in ferrous industry (sinter production, coke production)
- mobile sources
- non-ferrous industry (aluminium production)

- structural and accidental fires

- forest fires

- open burning of wastes

	By-product/pollutant in chemical production
	- wood preservation

- PAH production and application


Pesticides
Ways of pesticides release into the environment:
· during their use

· during their transport and storage
· during their neutralization and burial
· during storage of banned or unusable pesticides in burial sited and other places for this purpose (often not suitable)
Main source of pesticides pollution now – storage and burial of old pesticides.

Purpose of this inventory

In Belarus at present only emissions of benzo(a)pyrene is calculated among the POPs and only for mobile sources. Our estimates aimed at improvement of POPs emission data and on preparation of national emission values for EMEP database. We replenish POPs emission inventory on the territory of Belarus for main source categories of anthropogenic character as recommended by the  UNECE EMEP methodology (Atmospheric Emission.., 1999). Estimates were made: for dioxins - for the period 1990-1997; PCB flows were considered as constant for 90-s; PAH were estimated for 1997 (total emision of six Borneff PAHs, draft only). For pesticides vere estimated their usage, storage and burial. Dioxins/furans emission were calculated in gramms I-TEQ, PCB – in kilogramms, PAHs – in tonnes.
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Figure 1. Location of Belarus

Methodology of estimates
The following methodological principles make the ground for estimates of dioxins/furans and PCB emissions:

· use of official statistical information on products output, amount of fuel combusted and waste incinerated;

· for the estimation of emission factors various data sources and methods were used: literature data, contacts with experts, own experimental investigations;

· estimates were made for the maximum possible list of sources; in those cases when it was impossible to make quantitative estimates we made semi-quantitative (preliminary) estimate or qualitative ranking of sources;

· a special attention was focused on reliable spatial distribution of emissions.

Data sources

Statistical annual reporting of Ministry of Statistics, Ministry of Natural Resources and Nature Protection, Ministry of Agriculture and other agencies was used. For PCB sources (closed application) special inventorying procedures by feedbacking and testing was applied. For PAH emission testing of sources was done.

RESULTS 

PAH emission

According to our estimates, firewood, peat and diesel fuel combustion have the largest contribution in 6 Borneff PAH emissions (their total share from sources considered – more than 96%). However, it is necessary to take into account the fact, that a number of important sources such as wood preservation, asphalt concrete production have not been considered. Particular place in PAH emission evaluation take forest (and other) fires: according to rather approximate evaluations their contribution can exceed the contribution of all other sources. But  usually  such sources have only quality evaluation.
Draft
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Figure 2. PAH (6 Borneff species) emission on the territory of Belarus in 1997 by source categories (preliminary estimate)
 Dioxins emission

Total dioxins emission was estimated as 22.3 g I-TEQ in 1990, 16.4 g I-TEQ in 1997. These values are close to emission from European countries with similar population and industry structure, for instance Austria or Sweden (Strategies and Policies.., 1999). 

The main contribution into dioxin emissions have stationary fuel combustion (62% in 1990, 65% - in 1997). From this category input of solid fuels  combustion in domestic and industry sector 81% and 93% accordingly. 
Input of mobile sources is estimated as 18% in 1990 and 15% in 1997.

Contribution of ferrous metals industry – 20% in 1990, 17% in 1997; from this input more than 80% is due to electric arc furnace steel production. From other sources with quantitative estimation only cement production has essential contribution: 2.0-2.3%. Lime and asphalt production input – 0.3% only.

As it was mentioned particular place in dioxins emission take open burning processes. But any emission estimates from forest fires are very uncertain because no measurements were made during real fires. For this reason the presented calculations are considered as semi-quantity and not included into total dioxin emission.

For other processes on the modern stage only quality evaluation (ranking) can be proposed. 

From 1990 to 1997 dioxins emission decreased 26.5%. Most significant changes are in contribution of solid fuels input: contribution of coal combustion in residential and industry sectors decreased from 14.5 to 3.9%, peat combustion – from 24.8 to 17.6%. Contrary to that contribution of wood combustion increased from 9.7 to 37.5%.

Estimations have showed, that Belarus as a whole is not a large emission source of such POPs as dioxins/furans. Its share in European emissions is significantly below 1%: there are no such large POPs emission sources like sintering, waste incineration, non-ferrous industry.

PCB emission

Leakages from transformers and damaged capacitors were estimated as the main source of polychlorinated biphenyls discharge into the environment: dielectric fluids with PCB are still in use in electrical equipment.

Initial data for calculation of PCB emission:

· PCB volumes in damaged equipment and that in operation
· share of free fluid in capacitor (60%)

· capacitor share with failed (damaged) casing 

· equipment operation time
Leaks (releases) rates and emission factors of PCB from electrical equipment, kg/t

	Equipment
	Leaks 
	Emission
	

	Transformers
	0.3
	0.06
	For CIS countries

	
	0.06
	-
	Technical Paper..., 1995

	
	0.3
	-
	Compilation of Emission..., 1993

	Capacitors 
	2.0
	0.8
	For CIS countries

	
	1.6
	-
	Technical Paper..., 1995

	
	4.2
	-
	Compilation of Emission..., 1993


According to preliminary calculations PCB emission from electrical equipment in 90s amounts 426 kg per year.
Other sources have not been quantified since as either their contribution is insignificant (fuel combustion, metallurgical processes) or they there are no statistical data about this process or no emission factors available as well as other information suitable for emission estimates (open application, reservoirs).
 Pesticides

From the list of persistent chlorinated organic pesticides given in the Protocol, in Belarus there are no those allowed for application.

For a long time on the territory of Belarus, as well as in other countries, banned now chlorinated organic pesticides, including DDT, HCH, etc. were widely used. However, in 1990 total pesticide application volumes (in agriculture) under the POPs Protocol requirement were rather insignificant and made up 0.21 t, since 1996 they have not been used.
A particular hazard represent pesticides banned for application or with overdue serviceable life. Because of problems with their utilization and storage (lack of conditional guarded storage facilities, transport necessity during repair, corrosion and package wear) part of pesticides ‘are lost’ irrevocably polluting the environment; part of spoiled pesticides are difficult to identify. With the purpose of their neutralization in the period from 1971 to 1988 about 4 thous. t of unusable pesticides were buried in various regions in Belarus. 

Among pesticides buried chlorinated organic ones under the Protocol requirement have a rather high share. Even on the basis of incomplete data on pesticides composition, about 20% of total buried volume makes for DDT and HCH. 

At the same time, unusable pesticides accumulation on the storage places continued. As a result 1501 tonnes of unusable and banned pesticides has accumulated by the present. 
Application of pesticides included in Protocol on POPs in Belarus, tonnes 

	Chemicals
	Years

	
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997

	HCH 
	0.19
	2.66
	0.14
	0.07
	0.01
	0.07
	-
	-

	HCB 
	0.02
	-
	-
	-
	-
	-
	-
	-

	Total
	0.21
	2.66
	0.14
	0.07
	0.01
	0.07
	-
	-


Technology of pesticides application in Belarus: 
· from ground  - 97-99%

· from air  (helicopters) - 1-3%

Amount of pesticides storage in Belarus

	Chemicals
	Total, t

	DDT
	5.1

	HCH
	24.1

	Chemicals mixtures
	740.3

	Other chemicals (79 types)
	728.0


Conclusions

Estimations have showed, that Belarus as a whole is not a large emission source of such POPs as dioxins. Its share in European emissions is significantly below 1%. This can be explained by the fact, that in Belarus there are no such large dioxin emission sources like sintering, waste incineration, non-ferrous industry. 

Input of source categories to dioxin emission is different from those of West Europe and global. There is a short input of waste combustion and greates – of residential sector.

The main contribution into dioxin emissions have firewood and peat combustion. Only electric steel smelting can be considered as a large emission point source.

Leakages from transformers and damaged capacitors were estimated as the main source of polychlorinated biphenyls discharge into the environment: dielectric fluids with PCB are still in use in electrical equipment.

On the whole estimates have good correlation with the data of other projects. 

Weakest points of this inventory - emission factors, though they are based on literature data; the testing of dioxin sources measurement can hardly been planned in the nearest future because of financial problems. 

A lot of source categories receive only qualitative estimate due to lack of statistical data (open burning of wastes, structure and other fires, forest fires and some other. Their quantitative inventory will be resulted from future investigations.
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