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Abstract: Poland is one of major mercury emitter to air urdpe but this emission is constantly decreasiog fr
level 33.3 Mg in 1990. Newest official inventoryfibed mercury emission to air from industrial preses and
fuel combustion in residential sector on level 0@ annually. Additionally estimation of emissiamim the use
of mercury-containing products was based on moaleldfstribution and emission (0.46 Mg). Dental pice
(0.29 Mg) and bodies cremation (0.06 Mg) are nextraes of mercury emission to air. Totally 11.2 Mgrcury
annually is emitted to air. According to E-PRTRal&r 2013, mercury discharge to water was 2.99viith
majority of 2.75 Mg from large and medium indudtfeilities as well as rest from municipal wastater plants
in large towns. Sewage sludge from waste watertplaansferred to agriculture is source of mer@myssion to
soil (0.31 Mg). Mercury discharges to water and 8om dental amalgam in buried bodies (0.16 M@ ather
emission source. In sum mercury emission to aitemand soil in Poland in year 2013 can be estidhatelevel
14.7 Mg annually. Significant load of 10.4 Mg marcwannually is safely stored in wastes from the ake
mercury-containing products and from dental practic
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Introduction

Poland is one of major mercury emitter to air irrdpe. There are two countries in
official EMEP inventory for year 2013 [1] with analuemission on level 10 Mg: Germany
and Poland. Next countries are ltaly (8.1 Mg), UWhea(6.8 Mg), the United Kingdom
(6.1 Mg), Spain (5.4 Mg) and France (3.8 Mg). Thes§tan Federation not report own
mercury emission but its last available data orssion was 14 Mg in 2006.

This ranking mainly is result of coal combustiongower and heating plants with
mercury emission in countries: Germany (6.6 Mg)laRd (5.9 Mg), Spain (2.5 Mg), the
Czech Republic (1.7 Mg) and the United Kingdom (¥@), not data for Ukraine. Industry
and other stationary combustion are next imporsantces of mercury emission to air in
Europe.

Historical inventories of mercury emission

Mercury emission in Poland is constantly decreagiog 1990. Inventories for EMEP
are prepared with delay of 2 years, for exampléviarch 2015 for year 2013. In first
inventories prepared until 2008, officially repattannual mercury emission decreased
from 33.3 Mg for 1990 to 19.8 Mg for 2002 and iresed to 21.3 Mg for 2006
(36% decrease in 16 years), see Figure 1. In 2G88ury emissions for period 2005-2007
were recalculated to level 15.4-16.1 Mg [2]. Nertvantories for years 2008-2010
maintained reported emission on level 14.5-15.7 Mg.
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Fig. 1. Changes of inventories of mercury emissooair in Poland for years 1990-2013

In 2013 Polish National Centre for Emissions Mamaget (KOBIZE) [3] decided to
change reported emissions from year 2000 for datapteteness and consistency. Applied
emission factors for public power sector have Hessed on a country study conducted by
Polish energy group PGE. Mercury emissions weralcetated to level 9.6-10.7 Mg.
In next year inventories from year 1995 were adddily recalculated. Reported emission
decreased from 13.0 Mg for 1995 and 13.4 Mg for6l8911.6 Mg for 1999. In future
recalculations for period 1990-94 are also expediat there are significant lacks of
statistical data. Now only inventories for perid@®5-2013 are comparable [4]. Due to new
assumptions mercury emission in Poland decreas@@%yin last 18 years. Comparison of
inventory for 1990 and 2013 shows bigger 3-timegekese of this emission.

Emission to air

Newest official inventory for 2013 [5] estimated mmigry emission to air on level
10.4 Mg annually. National inventory covers emiasidrom following SNAP sectors:
energy industry (5.8 Mg), commercial and residérd@mbustion plants (1.7 Mg), other
industries (2.9 Mg) and incineration of municipahstes (0.1 Mg). Detailed data for
emissions from industrial branches are availabteNBR sectors [4]: non-ferrous metals
production (1.4 Mg), iron and steel production (¥§), cement production (0.3 Mg) and
chemical industry (0.2 Mg). E-PRTR database [6insomplete source. It reported only
emission 3.3 Mg of mercury to air with majority fincenergy sector (2.6 Mg).

Estimation of additional mercury emissions to aiaswprepared by Panasiuk and
Glodek [7]. Mercury is intentionally used for pradion of batteries, measuring and control
equipment, light sources as well as other eledtdcal electronic equipment. Emission
from the use of these products was assessed [Bjeobasis of model for distribution and
emissions [9]. Consumption of mercury for productiof mercury-containing products
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launched annually to Polish market (9.4 Mg) wasebaen data for EU-25 [10] with
assumptions of population proportion and smalletteb@s consumption in Poland.
Mercury emission to air from one year’s mercury suomed in products (initial and later
within 10 years) was estimated on level 0.46 Mge THiggest emission originates from
steel scrap and landfills. Smaller shares are setbdy breaking and waste incineration.
The other 2.90 Mg Hg contained in products is rikected and stored safely. Mercury
stream in wastes of mercury-containing productasparted to municipal landfills was
estimated on level 4.84 Mg. Remaining 1.20 Mg ofeugy is still accumulated in products
used to 10 years after production [11].

Dental practice and bodies cremation are next ssuof mercury emission to air.
Amount of mercury in dental materials launched atiguto Polish market (10 Mg) was
estimated on the basis of the Polish Ministry oalttedata (13 million of amalgam fillings
per year) and Maxson’s study [10]. It was assurhetl 2.2 Mg of mercury is accumulated
in society as new dental fillings and 7.8 Mg isgaakto solid waste. From this amount, the
excess of prepared mixture (2.0 Mg) is recollectesd hazardous waste. Remaining
5.8 Mg of mercury in old amalgam wastes is in kalfected and later treated as hazardous
waste. However second half (2.9 Mg) is transpottethfectious wastes and incinerated
with average 90% emission reduction (currently oimlyindustrial plants, earlier also in
hospital plants without proper equipment). Theseocess causes emission
of 0.29 Mg mercury to air.

M Energy industry

O Commercial and residential
combustion plants

@ Other industries

M Incineration of municipal
wastes

@ Use of mercury-containing
products

O Dental practice

Fig. 2. Main sources of mercury emission to aiPéland in 2013

Mercury emission to air from bodies cremation idaRd was reported by EC [12] on
level 0.06 Mg. It was assumed that 9% of corpseamasated in Poland in 2011, there are
3 crematoria applying mercury removal techniquesth(ws0% Hg capture) and
10 crematoria not applying these techniques. TofEll2 Mg mercury is annually emitted
to air from industry, products and dental practice.

Emission to water and soil

Data on mercury discharges to water was used freRRER database [6] for year
2013. These direct and non-direct discharges @eteand transfers) from Poland were
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2.99 Mg. Majority of mercury discharge (2.75 Mg)iginates from large and medium
industrial facilities. The biggest discharges tatawan Poland were from production and
processing of metals (1.82 Mg), landfills (0.51 Magid mining (0.23 Mg). Among smaller
sources of releases and transfers are independeptyated industrial waste water
treatment plants (0.10 Mg), industrial scale prditdunc of basic inorganic chemicals
(0.05 Mg) and basic organic chemicals (0.02 Mgyel as energy sector (0.01 Mg).

In Europe chlor-alkali industry was using mercusfl electrolysis for many years.
This process was source of mercury emission tarairwater. Last Polish electrolyzer for
chlor-alkali production was working in PCC Rokitcfory in Brzeg Dolny. For year 2013
this factory reported release of 0.06 Mg mercupmfrindependently operated industrial
WWTP. This electrolyzer was closed in the beginrohg015.

Mercury discharges to water were also reportednfioinicipal waste water plants
in 20 Polish large towns. These discharges frondeesial sector, hospitals and dental
clinics as well as small industrial facilities 923 were 0.25 Mg. The biggest mercury
releases were reported for plants in Poznan (78 ®dansk (35 kg), Sosnowiec (27 kg),
Szczecin (22 kg) and Lodz (21 kg).

B Production and processing
of metals
O Landfills

B Mining

B Independently operated
industrial WWTP

@ Production of basic
inorganic chemicals

O Production of basic organic
chemicals

O Other industrial facilities

@ Municipal waste water
plants

Fig. 3. Main sources of mercury discharges to wiat&oland in 2013

Sewage sludge from municipal waste water plantssfeared to agriculture is source
of mercury emission to soil. This emission wasneated on level 0.31 Mg [13]. Mercury
discharges to water and soil from dental amalganburied bodies are other emission
source. These discharges was calculated on letél KRlg on the basis of burial data,
assuming that 20% of Hg is reaching groundwaterthadest is chemically bounded. Any
releases to soil from Polish industry are repoited-PRTR.

Conclusions

In sum mercury emission to air, water and soil @aRd in year 2013 can be estimated
on level 14.7 Mg annually. The biggest inventoriedd of mercury is emitted to air, see
Table 1.
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Table 1
Main mercury flows in Poland in 2013

Emission/storage
[Mglyear]
Emission to air 11.2
Discharges to water 3.0
Identified emission to soil 0.5
Safe storage of hazardous wastes 10.4

Significant load of 10.4 Mg mercury annually is edgfstored in hazardous wastes.

This load covers 2.9 Mg contained in recycled wastebatteries, measuring and control
equipment, light sources as well as other eledtdcal electronic equipment and from
dental practice, 4.9 Mg collected in dental clirdesl 2.6 Mg captured from incineration of
dental wastes.
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Abstrakt: Polska jest jednym z gldwnych emitoréwait do powietrza w Europie, ale emisja ta stale apad
z poziomu 33,3 Mg w 1990 r. Najnowsza krajowa intaeyracja okréita emisg rteci do powietrza z proceséw
przemystowych i spalania paliw w sektorze mieszkaym na poziomie 10,4 Mg rocznie. Dodatkowo
oszacowanie emisji zzytkowania produktow zawierggych re¢ zostato oparte o model dystrybucji i emisji
(0,46 Mg). Kolejnymizrédtami emisji réci do powietrza g praktyka dentystyczna (0,29 Mg) i kremacja zwiok
(0,06 Mg). tacznie 11,2 Mg &ci rocznie jest emitowanych do powietrza. Na podialanych E-PRTR dla roku
2013 zrzuty rgci do wod wyniosty 2,99 Mg z wkszdicia 2,75 Mg z duych i srednich zaktadéw przemystowych
oraz reszf z komunalnych oczyszczaléciekéw w duych miastach. Osad§ciekowe z oczyszczalriciekow
przekazywane do rolnictwa grédtem emisji rgci do gleby (0,31 Mg). Innyrarédiem emisji § uwolnienia r¢ci

do wdd i gleby z wypelnie amalgamatowych w grzebanych zwiokach (0,16 Mg)sithie emisja ¢ci do
powietrza, wod i gleby w Polsce w 2013 r.zedy oszacowana na poziomie 14,7 Mg rocznie. Zaackadunek
10,4 Mg rtci rocznie jest bezpiecznie sktadowany w odpadaakytkowania produktow zawiergych rt¢ oraz

z praktyki dentystycznej.

Stowa kluczowe:emisja, r¢¢, powietrze, woda, gleba



