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Introduction

The problem of ensuring environmentally sound managnt of mercury and its compounds, including
mercury-containing waste, belongs to the most itgmbrenvironmental problems.

In 2006, the Security Council of the Russian Fetitemediscussed "problems of mercury pollution c# th
environment and measures to address these prob#rtis® session of the Inter-agency Commission on
Environmental Security. On 07.12.2006, S.B. lwanthe Secretary of RF Security Council - approved
the Protocol of the session and forwarded the deotino Regional Plenipotentiaries of the Presiaddnt
the Russian Federation in federal districts. Initemd the Protocol and background documents were
submitted to the Government of the Russian Federati

The documents under review of the RF Security Cibwuggested that only purposeful application of
mercury in industry, agriculture, health care anltignining results in tens thousands of tons ofcuney
releases to the environment at the territory ofsRusAmounts of mercury releases to the environment
due to fossil fuel burning, processing of metalsoaed other mineral resources are fairly substantia
they cannot be measured precisely. So far, no-secgke federal projects were implemented to identif
sources of mercury releases and assess mercugnuoation of the national territory.

The Security Council recommended to address thélgmo more actively, with public involvement.
Several constituents of the Russian Federationoapprregional programs of urgent actions to tighten
control over mercury waste management, NGOs andagidn facilities were involved into awareness
raising activities.

Throughout the World, the mercury pollution probles recognised as one of the most pressing
problems. In the framework of international co@piem, on October 19 - 23, 2009, at the sessiadhef

Ad Hoc Open-ended WG (the WG is authorised to peepactivities of the Intergovernmental
Negotiating Committee for development of the glolegially binding instrument on mercury) approved
the Plan of Study of Different Types of Mercury Esibn Sources. The Plan was developed on request of
the UNEP Governing Council (the UN Environmentadd?am).

Russia was selected as one of the countries fatifidation of sources of mercury emissions. Aslatp
project, Eco-Accord initiated assessments of mgreumission sources in six Russian cities, namely in
Moscow, Volgograd, Krasnodar, Chelyabinsk, Irkutsid Magadan at the base of published data and
other information sources.

In this Survey we consider the following key sosroé mercury emissions:
« Coal-fired power plants;
e Chlorine-alkali production;
e Cement production;
* Production of copper and zinc;
* Incineration of solid household waste;
e Gold refining.

Eco-Accord Centre expresses its gratitude to abqge who assisted us in development of the Survey,
namely:

A.V. Yepikhin, the Chief of Agriculture and Naturghvironment Statistics Dept. of the RF FederateSta
Statistics Service; A.V. Burmashov, the expert lvé Sanitary Supervision Dept. of the RF Federal
Supervision Service for Consumer Protection and &urwellbeing; E.A. Vasilieva, the Director of
Volgograd-Ecopress NGO; O.Yu. Tsitser, the Acade®écretary of the Science Council of Socio-
natural History of the Russian Acad. Sci.; K.A. &dov, the Environmental Protection Specialist of
EHS and Industrial Safety Sector of "Fortum" CaA.|Abdrakhmanov, the Director General of
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Uchalinskiy Clarifying Plant; M.P. Orlov, the Chi&eologist of Uchalinskiy Clarifying Plant; A.N.
Tsokura, Director general of WIP-2 and WIP-4; NSinkov, the deputy Director on Environment and
Sanitary Matters of "EFH-Ekotekhprom WIP-3" Co.; PA. Rybnikov, the Director General of
"Mednogorskiy Copper and Sulphur Plant" Co.; V.\hgkhin, the Chief Engineer; A.T. Krestyaninov,
the Chief of TD, I.A. Kuranov, an Engineer-Techrgpgt of "Uralelektromed" Co.; L.A. Medvedev. the
Director General of "Lukoil-Kubanenergo" Co.; T.Brazhnikov, the Chief of Env. Management Team
of Occupational Safety and Environment of "LukoiHanenergo” Co. and R.G. Snyatkova, the Director
General of "Komymatsement” Co.

Eco-Accord acknowledges financial support by the Sigrid Rausing Trust and the European
Commission via the European Environmental Bureau for this report. The sole responsibility
for the content of this document lies with Eco-Accord. The Sigrid Rausing Trust and the
European Commission are not responsible for any use that may be made of information
contained therein.



Chapter 1

MERCURY POLLUTION CONTROL AT THE TERRITORY OF THE R USSIAN
FEDERATION

Overall, there are about 5000 mercury depositsfédrdnt scale in the World that got individual nesn
from the above number of deposits, about 500 wepdoited in different periods of time. For the whol
history of mercury mining, the overwhelming shafer@rcury (more than 80%) was extracted from 8
deposits: Almaden (Spain), Idria (Slovenia), MoAteiata (ltaly), Uankavalika (Peru), New Almaden
and New Idria (US), Nikitovka (Ukraine), Khaidarkéikyrgyz Rep.). Two latter deposits produced the
mercury pool of the former USSR.

Specialists estimate the overall mercury producasnabout 700,000 tons of marketable mercury - a
substantial share of the amount is distributechatBarth surface. Substantial amounts of mercumng we
also generated by other human activities, includingning, metal smelting, cement production,
combustion of fossil fuel, etc. In addition to mame minerals, ores and embedding rock, mercury also
concentrates in other ores (copper and iron omeaptex ores, etc). Mercury was found to concentirate
bauxites, some clay minerals, oil-shale, limestdoégmite, coal, natural gas and bil.

According to the Russian State of the Environmeepd®t - 2008 mercury pollution in Russia was
monitored only selectively - in locations of baakgnd monitoring facilities of théederal Servicefor
Hydrometeorologyand EnvironmentaMonitoring of the Russian Federation. See the tables below for
mercury levels in soils in background areas ofdbentry, mercury levels in surface water bodies and
dynamics of mercury soil contamination in indivitlaaies and their periphery areas.

Table 1.1

Mercury levels in soil (background areas of thedRars Federation) mg/kg

Irkutskaya oblast 0.018
Sverdlovskaya oblast 0.04
Mariinsk township 0.028

According to the Survey, background level of meyclead and cadmium in surface water bodies of the
majority of background areas of Russia, correspondebserved ranges of recent years (0.1 - 2fpug/|
mercury).

Table 1.2.Background mercury levels in surface water bodjeg/l)*

Ranges 2008
Kavkazskiy Biosphere Reserve0.006 - 0.2 0.1
(1982 - 2008).
Prioksko-Terrasniy BR, (1987 |[-0.03-8.7 2.1
2008)
Barguzinskiy BR, (1982 - 2008). 0.01-9.7 1.03
Astrakhanskiy BR, (1988 - 2008). 0.03-74 0.7
Voronezhskiy BR, (1990 - 2008). 0.003-1.0 0.04
Yailyu, (2002 - 2008). 0.01-0.08 0.06*
Tsentralno-Lesnoi BR, (1988 |- 0.03-0.5 0.2*

! http://www.ecotrom.ru/p12.html
2 State of the Environment Report of the RussiareFaibn (2008) http://www.igce.ru/page/review200Be RF
Hydrometeorological Service, 2009 (Rus.).
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2008)

" - the most recent measurements

In 2008, soluble mercury compounds were monitoneal fiew water samples from Buguldeika and Sarma
rivers. The water sample from Sarma river, takenSaptember 13, 2008 revealed no measurable
mercury. In the water sample taken from Buguldeikeé&September 14, 2008, mercury level was found to
reach 0.01Qug/l (MAC)’.

In the framework of federal statistical reportingttwuse of Form No. 2-TP (air) - "Information on
Ambient Air Protection” - on operations of legaligas with fixed emission sources, the FederateSta
Statistics Service collects information on elementaercury releases only (substance code J18ge
the below table for air releases of elementary mgrérom fixed sources in six cities surveyed i th
report (Moscow, Volgograd, Krasnodar, Chelyabindikytsk and Magadan).

Air emissions of elementary mercury from fixed sm# in selected cities of the Russian Federation
(tons)

2005 2006 2007 2008 2009
Moscow - - - 0.077
Krasnodar - - - -
Volgograd 0.209 0.14 0.129 0.124 0.158
Chelyabinsk| 1.628 1.205 1.149 1.485 2.263
Irkutsk - - - - -
Magadan - - - - -

Such reporting data provide only a fairly basiomfation on levels of mercury pollution at the naal
territory. The reporting does not stipulate ideadfion of specific pollution sources and resultlagels

of environmental contamination. The below chaptdrshe survey are dedicated to review of specific
facilities that - according to published informatie are sources of mercury emissions in six Russian
cities.

According to "Atmosfera" R&D Institute, there are approved methodologies for estimates of mercury
emissions of fixed and mobile pollution sourcesthe Russian Federation. According to the List of
Methods for Determination of Pollutants in Emissiaf Industrial Facilities, Approved for Applicatio

in 2009, there are five methodological manualsafmalytical determination of mercury:

* Methodology for Determination of Mass ConcentratimnMetals in Workplace Air and Air
Emissions of Industrial Facilities by Atomic Abstgm Spectrometry with Electothermal
Atomisation;

¢ Methodology for Determination of Mass Concentratioh Mercury Vapour in Industrial
Emissions by Atomic Absorption Spectrometry;

* Methodology for Determination of Metals in InduatriEmissions and Workplace Air of
Metallurgy, Radio, and Metal Processing Faciliti€gatomic absorption spectrometry,
determination of aerosols);

* Methodology for Photometric Determination of Masen€entration ofMercury Vapour and
Volatile Compounds at Emissions Sources;

« Methodology for Determination of Mass ConcentratadnMercury in Industrial Emissions by
Flameless Atomic Absorption Spectrometry.

So far, we have not identified available domestgtruments in the Russian Federation for determoimat
of mercury in flue gases.

% State of the Environment Report of the RussiareFaibn (2008) http://www.igce.ru/page/review200Be RF
Hydrometeorological Service, 2009 (Rus.)..
* Reference manual of "Atmosfera" R&D Institute e thist and Codes of Air Pollutants (Rus.).
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Chapter 2
COAL-FIRED POWER PLANTS

Russia holds the world's largest natural gas reserthe second largest coal reserves, and theheight
largest oil reserves. Russia is also the world'gelst exporter of natural gas, the second largiést o
exporter and the third largest energy consumeermially, Russia gets over half of its domestic gper
needs from natural gas, up from around 49 perceh®992. Since then, the share of energy use frah co
and nu%clear has stayed constant, while energyrose éil has decreased from 27 percent to around 19
percent.

Russia holds the second largest global coal resewih estimated extractable coal reserves of 173
billion short tons) - falling behind the United &= only with its reserves of about 274 billion gtons).

In 2006, Russia produced 321 million short tons@dl (or about a quarter of US coal production), in
term of coal production, Russia is the fifth latggbal producer. Domestic coal consumption resche
around 260 million short tons, the rest - 61 millghort tons - is exported. More recent statistieda are
available in EIA Country Energy Profifes

According to the Energy Strategy of Russia up t@®0Oapproved by Decree No. 1715-r of the
Government of the Russian Federation of NovembeR2@G9, by 2020, Russia is expected to produce
from 441 to 496 million short tons annually. Aft@structuring in the coal sector in a few recerdrge
independent producers produce now about 80 peoterdtional coal supply. Growth in the Russian coal
sector started in 1999 and continued for threesye&iter a minor decline in early years of the eutr
decade, in recent years coal production substhniiereased. The Governmental Strategy promotak co
production and commissioning of new coal-fired pow&ants - as a result, it might reduce domestic
demand for natural gas and provide opportunitiegfpansion of gas exports.

Now, a proposal is under review on 50 percent réolnmf excise duties on coal production. These
measures might be accompanied by application débiar tax rates, promoting replacement of gas by
coal in power generation and reduction of natuaal gpnsumption.

Coal use in the power sector

Supply of heat energy in Russia is provideét by
485 thermal electric plants (TEPS);
« about 6.5 thousand boilers with capacity over 28I&our (mainly municipal ones);
* more than 180 thousand small boilers (mainly maicones);
» about 600 thousand stand-alone heaters.

According to statistical data of the InternatioBalergy Agency, in Russia, 127 million tons of coal were
used by TEPs and 34 million tons of coal were usgdboilers, however, coal was not used by power
plants that did not generate heat energy.

Now, natural gas is the main type of fuel for thatmpower plants. Coal is the second most impofftait
for the Russian power sector - its share in therfur of power plants reaches 28% and it is expbtbe
increase in the future.

® http://www.eia.doe.gov/cabs/Russia/Background.html

® http://tonto.eia.doe.gov/cfapps/ipdbproject/IED#RE.cfm?tid=1&pid=1&aid=2

’ http://www.energystrategy.ru/

8 Reutov B.F., Imenov V.G., Naumov A.V. et al. Heat Supply in the Country on the Edge. // EneEponomy,
Technics, Ecology, 2002, # 1, p. 3 - 8. (Rus.)

° [EA. 2003. Energy Statistics of non-OECD countriesernational Energy Agency, Paris
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The most productive coal deposits (Kuznetsk andsKaesAchinsk) are located in the southern part of
Central Siberia. Coal there has low sulphur cordggick mining costs are low. However, use of coahfro
these deposits is limited due to high railway tpamtation costs. Notwithstanding low quality of tteal

and variable characteristics of different batchsmn after the launch of mining operations at these
deposits, Russian coal-fired power plants manageedch a high economic/operational performance.
Their environmental performance is much wétse

So far, Russian coal-fired power plants mainly ssealled "design coal grades" - i.e. specific THEs
particular grades of coal preselected at the desigge - they can hardly use other types of coal or
enriched fuel without major additional investmetts.

Russian coal power sector badly needs modernisatitm application of modern technologies and
environmental control equipment. Now, the followikgy options are under consideration to improve
efficiency of coal-fired TEPs:
e use of higher capacity steam (comparatively to@mpiorary 24 MPa at 545/540°C) with parallel
improvement of equipment and system of steam plants
« development and modernisation of promising desijre®al-fired steam turbine generating units;
« improvement of already available emission contystems and development of new ones.

According to the earlier developed coal and gestesyly, development of heat and electric power osect
of Russia was expected to result in 2010 (the ead gf the long-term forecast) in the following Ifugx

of TEPs: 67% of gas and 26% of coal, while the eshafr fuel oil was expected to decrease to 7%.
However, in recent years, the gas sector encouhsenme negative trends due to a variety of causes.
this connection, Gazprom Corp. put forward someppsals to reduce gas supply to TEPs of national
power generatot§

Available forecasts suggest active growth of ele@nd heat energy consumption, in line with ecoicom
growth of Russia. The share of gas is expecteértin at the level of 60%, while the share of ¢sal
expected to increase from 29% in 1998, to 35%0h52 In 2001, in Russia, the share of coal in the
overall fuel mix of electric/heat energy generatogached 34.1% for TEPs and 45% for municipal
hearting utilities"

In order to make coal competitive vis a vis natgas, a range of major problems should be resadived
the sphere of clean coal technologies. Potentitibop to address these problems are provided in a
Federal R&D Program for Environmentally Clean Enerbhe Program particularly focuses on burning
different types of coal in boilers with fluidisedraulating bed, gas generation and burning solal fo
liquid media (slug melt), electric technologies émal burning (particularly in the case of coalhwlitigh
contents of volatile substances).

Key problems in the sphere of application of coathe power sector of Russia are associated wéh th
need of accelerated development and introductiaoofestic technologies and adoption of alreadgtest
foreign clean coal technologies for generationletteic and thermal energy.

Air emissions of thermal power plants

In 2003, for the first time in recent history, amissions were found to increase. Gross emissiofirsed
pollution sources in the sector increased by 2&em comparatively to 2002, and reached 3446.6

10 hittp://www.rao-ees.ru/ru/news/news/magazin/show@gi 04.htm

11 hitp://www.epr-magazine.ru/business/innovationsipkt/
http://www.rao-ees.ru/ru/news/news/magazin/showwsgd1.htm

13 Assessment of Mercury Releases to the Environinemt the Territory of the Russian Federation. Prsiifor
the Arctic Council. The Federal Environmental, Tiealogy and Nuclear Supervision Service, the DaRBIA,
2005
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thousand tons. In comparison to 2002, some grovdl @bserved for almost all air pollutants except

hydrocarbons - in the latter case emissions deeddag almost 9% (hydrocarbons emissions include 53%
of methane. The emission growth was attributechimges in the fuel mix and to higher amounts off fue

consumed. In patrticular, coal consumption incredse@.54 million tons FE (fuel equivalent), and gas

consumption - by 3.5 million tons FE (figures of030vs. 2002}

See key indicators of the energy sector impacheretvironment and natural resources in Tablé2.1.
Table 2.1.

The energy sector impacts on the environment ahdalaesources - key indicators

Indicators . 2000 2001 2002 2003
Units

Overall emissions of pollutants th. tonls 3857.{3655.8 |3352.7 [3446.6

inc.: solid matter th. tong 1144.2(1092.6 |965.1 [994.1

liquid and gaseous, th. tons 2713.12563.2 (2387.6 |2452.5

inc: sulphur dioxide th. tons 1403.9 |1273.1 |1310.4

carbon monoxide th.tons 221.1)219.4 [215.6 |216.8
nitrogen oxides th. torls 926.6|886.8 [845.2 |866.9
hydrocarbons (excl. VOC)| th. tops3 3 4.2 3.5 3.2
VOC (vddtile organif, 1ons | 1.9 14 24

compounds) 3.2

Extracted/neutralised pollutants % 87.4 |87.4 87.2 87.3

According to the RF Ministry of Environment and Niatl Resources, SDPPs (state district power plants)
are largest air emissions sources in the energgrsetour SDPPs occupy leading positions in thegea
of largest emitters in the sector (see Table 2.2):

Table 2.2

Contribution to the sectoral
Largest sources of air emissions in the energy sect emissions (%)

2000 |2001 | 2002 | 2003
Reftinskaya SDPP, Asbest, Sverdlovskaya oblast 9.394 7.6 9.1
Troitskaya SDPP, Troitsk-5, Chelyabinskaya oblast (2.7 3.3 3.5 4.1
LUTEK (Primorskaya SDPP), Luchegorsk, Primorskigikf2.0 2.1 2.7 2.5
Novocherkasskaya SDPP, Novocherkasskostovskay; 39 3.0 26 2.0
oblast ' ) )
TEP-4, Omsk, Omskaya oblast 1.5 1.6 1.7 1.8
TEP-5, Omsk, Omskaya oblast 1.4 14 1.7 1.5
Tom-Usinskaya SDPP, Kemerovskaya oblast 1.6 1.6 1.61.5
Verkhnetagilskaya SDPP, Sverdlovskaya oblast 19 0 2.|1.2 1.4
Nazarovskaya SDPP, Krasnoyarskiy krai 14 1.1 13 3 1
Argayashskaya TEP, Novogorniy townsh@fhelyabinskay 16 12 13 1.3
oblast ' ) )
Yuzhnouralskaya SDPP, Chelyabinskaya oblast 1.7 1.31.2 1.3
TEP-10, Angarsk, Irkutskaya oblast 0.6 0.5 0.7 1.3
TEP-2, Vladivostok, Primorskiy krai 1.1 1.2 1.3 1.2
Cherepetskaya SDPP, Suvorov, Tulskaya oblast 1.8 9 1.|1.1 1.2
TEP-2, Barnaul, Altaiskiy krai 1.1 1.1 1.0 1.2
TEP-2, Vorkuta, the Komi Republic 1.3 1.3 1.2 1.1
Serovskaya SDPP, Sverdlovskaya oblast 1.3 1.2 111 1

1 http://ww.mnr.gov.ru/files/part/6031 otrasli.doc
15 hitp://www.mnr.gov.ruffiles/part/6031_otrasli.doc
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TEP-9, Angarsk, Irkutskaya oblast 0.9 1.0 1.1 1.1
Ryazanskaya SDPP, Ryazanskaya oblast 1.2 1.1 1.1 0 1]
TEP-1, Severodvinsk, Arkhangelskaya oblast 1.1 1.2]1.1 1.0
Kashirskaya SDPP-4, Moskovskaya oblast 1.1 1.0 1.11.0
Total 39.8 39.5 37.2 39.0

Coal burning and mercury emissions

At high temperatures of burning, almost all merccwynpounds in coal evaporate and eventually mercury
either comes to ambient air with flue gases or eosdtes on particles that might be separated by
pollution control equipmeft As a result, in majority of cases emission cdreguipment does not allow

to ensure efficient separation of mercury from fases. We could not find published data on efiiye

of mercury separation by emission control equipnoémiussian TEPSs.

Mercury behaviour in the course of coal burning’

Mercury has some unique properties: a low meltioigtp(- 38.9°C) and a high vapour pressure (mercury
boils at t = 356.66°C) - 0.25 Pa (= 0.25°1ifiar). Such properties mean that at temperaturenalf
burning mercury may exist only as vapour of elemsntmercury H§ it starts to condensate at
temperatures under ~35C,°while such mercury as HQl, (calomel) and HgGl(corrosive sublimate)
start to condensate at 384 and 302°C, respectively.

Due to such properties, volatility of mercury isray its most important technological parameter.
According to experimental data for coal-dust contbmsfurnaces with dry ash removal, up to 98 - 99%
of Hg come to gaseous/aerosol phase from the bigherature zone of a combustion chamber. There are
no available data for other types of furnaces, h@newve may assume that regardless a specificdarna
design and combustion conditions, mercury will adtrebmpletely transform into volatile products.

Further fate of mercury in TEPs furnaces dependsamposition of coal and combustion conditions.
These issues are intensively studied, includingretecal (thermodynamic modelling), laboratory and
pilot-scale research, analytical studies (e.g. tooimg of mercury levels in waste ash and flue gase
including gaseous releases to ambient air).

1. Modern TEPs predominantly burn pulverised coakoal dust (with particle size of about 0.05
mm) is injected by heated air to a combustion clexnaind burns out almost immediately.

2. In such a case, solid waste is mainly represengdty/ lash in flue gases (ash carry-over), the fly
ash contains about 75 - 80% of the initial minerahtent in coal; while the slag fraction (a
mixture of ash and slag) remains in a furnace (28% of the mineral waste).

3. Ash separation equipment allows to separate 97 %96f fly ash from flue gases (cyclone
separators, bag filters and electrostatic separatéhe most common ones). Later on, all ash
waste is transported to ash collectors (sedimemgbionds). In such a way, the problem of
mercury air pollution transforms into the problewofssoil/water pollution, as mercury in ash
waste may poison soils, water and vegetation nediblys. We will not consider the latter
problem in detail and focus on mercury emissiong.on

4. In addition, modern TEPs are equipped by emissiontrol systems, allowing to reduce
emissions of nitrogen oxides (NOand sulphur compounds - so called scrubbersdfiWith
Ca0, CaCOs, or (sometimes) with CaMg(GR. In scrubbers SOfrom flue gases eventually
transforms into calcium sulphate. Scrubbers werendoto adsorb mercury vapour from flue
gases in gypsum waste efficiently.

16 Assessment of Mercury Releases to the Environimemt the Territory of the Russian Federation. Prsdlifor
the Arctic Council. The Federal Environmental, Tiealogy and Nuclear Supervision Service, the DaRBHA,
2005.

17http://masters.donntu.edu.ua/2006/qqeo/eretina:‘h',iimrt:%.htm(Communications of the Institute of Geology of
Komi Scientific Centre, Urals Branch of the Russtarad. Sci. - # 10 - 2004. - p. 6-12.) (Rus.)
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5. Elementary Hg in flue gases of TEPs is easily s#dao ambient air. The only way to reduce
mercury emissions is associated with its oxidatign=> Hgf* as only H§" compounds may be
adsorbed on surface of fly ash (carbon, silicatesulphates) and gypsum in scrubbers.

Combustion furnaces may be subdivided into spreader chamber on¥s In the case of spreader
furnaces, solid fuel burns in a layer, while ie ttase of chamber ones fuel particles are suspehded
their turn, chamber furnaces include torch fursaaed cyclone furnaces. Torch furnaces for combuisti
of solid fuel - depending on design of ash and stagoval equipment - may apply dry (solid) and wet
slag removal. In Russia, dry slag removal furnasespredominantly used - in such furnaces a somte pa
of coal ash (up to 10 - 15%) sediments in slag boppwhile the rest comes to gas ducts of a bwiir
flue gases.

In the case of furnaces with wet removal of coél @ngle and double chamber ones) shares of Ay as
are lower comparatively to furnaces with wet slamoval, but anyway it is rather high (30 - 40% in
single chamber furnaces and 50 - 60% in double beawnes).

High capacity power plants (over 300 MW) usuallg ehamber furnaces with dry slag removal, while
open/semi-open furnaces with wet slag removal aeg more rarely. Medium capacity TEPs (50 - 300
MW), in addition to the above designs, may opecgidone furnaces. In the case of low capacity power
plants and boilers (under 50 MW) cyclone furnagesagplied more often than other types.

Russian energy facilities use the following typéssh removal equipment: dry cyclone ash collegtors
wet ash collectors, electrostatic filters, or congloi designs. Stand-alone and battery cyclone totkec
are used for treatment of flue gases of low capastiétam generators; cyclone batteries ensure better
removal of fly ash and higher efficiency (82 - 90%Yyclone batteries are installed in the case déix
with steam generation capacity of 25 to 320 tong/h@/et ash collectors sediment ash particles &t th
surface of a thin water layer inside a collectorthe case of steam generators of low to mediwanst
generation capacity (90 - 100 tons/hour), cycloorulsbers are applied - vertical concurrent flow
cyclones with permanent water flow. Steam genesatdth steam generation capacity of 120 - 150
tons/hour are usually equipped by wet ash collsctaith internal turbulence coagulators. In addition
sometimes (usually in the case of medium capaditigis) vertical/horizontal electrostatic filterseaalso
applied. In mid-1990s, average ash removal facttiné Russian energy sector was estimated a$°0.91

In the case of Moscow TEPs, the above factor reh€h@9; while in industry, housing and utilities
sectors it reaches only 0%0In addition, some generating installations areigued by systems for SO
removal, including wet and dry scrubbers of différelesigns. In order to control NGselective
catalytic/non-catalytic reduction methods may bgliad.

According to available estimafésthe initial pollutants removal factor (or emigsicontrol efficiency) of
major Russian power plants reaches 21%.

Accounting for the above considerations and spetdthnologies of Russian energy facilities, itnsge
that relative mercury emissions (i.e. mercury eroiss vs. initial mercury contents in coal) may be
assessed as follows:

18 valuable and Toxic Elements in Marketable Rus§laal: A Reference Book. M.: Nedra, 1996. 238 p.sRm!
Russian State Company; The Russian Committee ofo@eand Use of Mineral Resources). (Rus.)

19 Assessment of Mercury Releases to the Environinemt the Territory of the Russian Federation. Prsiifor
the Arctic Council. The Federal Environmental, Tiealogy and Nuclear Supervision Service, the DaRBIA,
2005.

20 Air Emissions of Heavy Metal: Experience of Asseeat of Specific Parameters. Minsk: Nat. Resouttsss
R&D Institute of the National Acad. Sci. of Belayd998. 156 p. (Rus.)

21 Emissions of mercury from coal fired power plaint®ussia - preliminary estimated for

ACAP. Munthe J.; Wangberg I.; Chugaeva A.N.; Kisal®&\.V.; Smigol I.N.; Bragina O.N., Anichkov

S.N.; Tumanovsky A.G. .IVL Swedish EnvironmentakBarch Institute, Sweden and VTI All Russia
Thermal Engineering Institute, 2003.
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« coal use in electricity generation - 80%;

« coal use in the housing and utilities sector - 95%;
¢ household and agricultural use of coal - 99%.

» coal use by other consumers - 90%.

The rest of mercury is bonded to ash and slug,udicy fly ash removed by emission control
equipmerft.

Coal-fired energy facilities generate the most@esiadverse environmental impacts, including toxic
gaseous emissions, corrosive wastewater dischaigege ponds, fly ash and heat releZses

In the framework of assessment of mercury emissodri?29 largest Russian power plants, a survey of
mercury contents in domestic coal was also condéftt&ccounting for coal consumption (74,420,000
tons), types of coal and mercury contents, theasvamount of mercury in coal fuel of 129 Russian
power plants in 2002, was estimated. Assuming geeraercury contents, the overall amount was
assessed as 6.3 tons, while assuming maximal nyecontents, the assessment suggested about 8.8 tons
The average amount of mercury in coal fuel corredpdo its average level (0.08 mg/kg), that, inuts,
corresponds to average mercury conténiéhe preliminary assessment was based on the ptsanthat

the mercury distribution factor for air emissioesiches 81%. At such an assumption, mercury emsssion
of 129 largest Russian power plants that consurded million tons of coal in 2002, were estimated to
reach 5 tons (at average mercury contents) or ¢ (Enmaximal mercury contents), while the amodnt o
residual mercury in other types of combustion wasées estimated as 1.3 ton (average) or 2.2 tons
(maximal).

For purposes of this survey we will review coatfirTEPs of Moscow, Krasnodar, Chelyabinsk, Irkutsk
and Magadan.

Moscow TEPs

Address:

119034, Moscow
Prechistenskaya Emb., 15/1
phone: 8 (495) 637-50-50

V.G. Yakovlev - the Director General of "Mosenergd. Ltd.

"Mosenergo” Co. Ltd. is the largest regional getiegacompanies of the Russian Federation and an
integral technological element of the United Ene8pstem of Russia. The company belongs also to
largest heat energy suppliers in the World. Thepanmy operates 15 power plants with installed akectr
generation capacity of 11.9 thousand MW and heaemion capacity of 40.2 thousand MW (34.6
thousand Gcal/hour). Power plants of the compangt migout 70% of electric power demand in Moscow
region and 66% of heat energy demand of Moscow.

22 Assessment of Mercury Releases to the Environfnemt the Territory of the Russian Federation. Prsiifor
the Arctic Council. The Federal Environmental, Tiealogy and Nuclear Supervision Service, the DaRBIA,
2005.

2 http://www.sbras.ru/HBC/hbc.phtml?9+3956flJanuary 28, 2010.

24 Emissions of mercury from coal fired power plaint&ussia - preliminary estimated for

ACAP. Munthe J.; Wangberg I.; Chugaeva A.N.; Kisal®&\.V.; Smigol I.N.; Bragina O.N., Anichkov

S.N.; Tumanovsky A.G. .IVL Swedish EnvironmentakBarch Institute, Sweden and VTI All Russia
Thermal Engineering Institute, 2003.

% Assessment of Mercury Releases to the Environifnemt the Territory of the Russian Federation. Prsdlifor
the Arctic Council. The Federal Environmental, Tiealogy and Nuclear Supervision Service, the DaRBA,
2005.
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In 2008, the company generated 64,273.8 million kWWklectric power and 62.44 million Gcal of heat
energy.

The majority of company's power plants are gasi#fi@nly two TEPs use coal (In Dzerzhinskiy and
Stupino).

Fuel mix

Natural gas dominates in the fuel mix of "Mosené&rGo., while fuel oil and coal are used as reserve
fuel. In 2008, the overall fuel consumption of "Mogrgo" decreased by 1.4% comparatively to 2007. In
2008, "Mosregiongaz" Co. was the sole supplieraitiral gas for "Mosenergo" power plants according
to long-term gas supply contracts. The share ofigéslosenergo” fuel mix increased by 0.2 perceatag
points comparatively to 2007 due to some supplgrgements - the generating company was allowed to
consume up to 10% extra gas in workdays over tlig @it if relevant amounts were not consumed
earlier.

According to Vitaliy Yakovlev, the Director Generaf "Mosenergo”, only two power plants of the
company use coal as an additional fuel - namely-ZERn Dzerzhinskiy and TEP-17 in Stupino.
Referring to prospects of coal use by power plamesadmitted that "Mosenergo” does not plan to use
coal in Moscow. The company considered an investimdea to construct pulverised coal power plant in
Moskovskaya oblast, but the idea has not transfdrmi® a design yet. The idea might be transformed
into a design not earlier than by 2015 - 2016,dnyway its future fate will depend on relevant detha
The idea of switching to coal for power generagonerged on last summer in connection with shortages
of gas supply for new generation units. In 3 - &rest years, the problem might emerge again -dh au
case, the coal option might be considered again.

Table 2.3

Fuel consumption by "Mosenergo” power plants (Ipesyof fuel), thousand t.s.c.

Fuel 2006 2007 2008

Gas 25,504.0 25,443.0 25,126.8
Fuel oil, diesel oil 474.2 91.7 74.7

Coal 676.4 363.2 323.9
Total 26,654.6 25,897.9 25,5254

Analysis of air emissions vs. the previous year

In 2009, the overall fuel consumption of "Mosenérgower generation system decreased by 747.01
thousand t.s.c. comparatively to 2008 (or by 2.9%gs consumption decreased by 851.1 thousand t.s.c.
(or by 3.4 %). Liquid fuel consumption increased9®/88 thousand tons s.c. or in 2.2 times. Soled fu
(coal) consumption increased by 12.14 thousand $omsor by 3.75%. The share of solid fuel in the
overall fuel mix reached 1.4%, while the share@iil fuel reached 0.7%.

As for Moscow TEPs, the overall fuel consumptior2009 decreased in 2009 by 5.1% comparatively to
2008 or by 1029.4 thousand t.s.c. Gas consumptamnedsed by 1122.1 thousand t.s.c. (5.5%), and
consumption of fuel oil decreased by 93.63 thoudand (in 2.2 times).

Overall emissions of pollutants by power plantsMbsenergo” Co. increased in 2009 comparatively to
2008 from 53.5 thousand tons to 54.8 thousand(ton2.4 %), including:
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emissions of solids decreased from 2.6 thousansl timr2.1 thousand tons, or by 0.5 thousand
tons (19.3 %);

sulphur dioxide emissions increased from 6.7 thodisns to 9.6 thousand tons, or by 2.9

thousand tons (44.1%);

emissions of nitrogen oxides decreased from 438s4nd tons to 42.5 thousand tons, or by 1.3
thousand tons (2.8%).

In the case of Moscow TEPs, emissions increased #8.1 thousand tons to 30.1 thousand tons, or by
2.0 thousand tons (7.3%), including:

emissions of nitrogen oxides decreased from 2%@d#nd tons to 24.4 thousand tons or by 0.8
thousand ton (3.2%);

emissions of solids (fuel oil ash in terms of vaoad content) increased from 0.0065 thousand
ton to 0.0150 thousand ton, or by 0.0085 thousandih 2.3 times);

sulphur dioxide emissions increased from 2.4 theds@mns to 5.2 thousand tons, or by 2.8

thousand tons (in 2.2 times).

carbon dioxide emissions increased from 0.48738®Mthousand tons, or by 0.043 thousand tons
(8.8%).

Higher releases of air pollutants are associatéid lgher consumption of fuel oil and solid fueb#t).

Waste

Operations of "Mosenergo" facilities result in gei®n of production and consumption waste. The
company operates under a license for collectiontraksation, transportation and disposal of hdaas
waste of 1st to 5th environmental hazard clasdesnse # OT00-010158(00), issued on 22.05.2009,
effective up to 22.05.2014.

The bulk of the company's waste belong to wastBtlofhazard class - namely coal slug and ash (the
company disposes such waste to its own ash duhmsarte operated under separate permits). Onlyt burn
fluorescent bulbs are classified as 1st hazard claste.

Coal-fired TEPs of "Mosenergo" Co.

TEP-22

140091, Moskovskaya oblast, Dzerzhinskiy, 5 EnétgetSt.
phone/fax: (+7 495) 551 56 72,
e-mail:rabota22@mosenergo.ru

Table 2.4°

Key performance indicators of TEP-22 as at 01.00920

Installed power generation capacity, MW 1310
Electric energy generation, million kWh (data oD2) 8726.7
Installed heat energy generation capacity, Gcat/hou 3606

Heat energy production Gcal (data of 2008) 8818.1

TEP-22 of "Mosenergo” Co. belongs to the largestrttoelectric plants in the World. It operates in
Dzerzhinskiy (Moskovskaya oblast) at the distanfc20® km from the Moscow ringway. The TEP uses

28 http://www.mosenergo.ru/docs/info/521.aspx
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gas and coal fuel and supplies electric power aedt lenergy to south-east districts of Moscow,
Dzerzhinskiy town itself and a major part of Lubéskiy district of Moskovskaya oblast. The TEP
supplies steam to Moscow oil refinery, greenhoasekother facilities of Luberetskiy district.

Construction of TEP-22 was launched in 1956 andlgoted in three stages. The first turbine of th&®TE
was commissioned in December 1960. At the firsggestaix PT-60 and PT-65 turbines were installed
with the overall generating capacity of 380 MW, aidsteam generation boilers. At the second siage,
1967, two T-100-130 generating units were commissiiowith the overall capacity of 100 MW each, as
well as two boilers and two peak load boilers. #d third stage, three supercritical generatingsumith
uniflow boilers were installed with the overall egjity of 750 MW, as well as six peak load boilers.

In late 1980s, reconstruction and modernisationkeiavere launched at the power plant to improve
economic performance and reliability of generataguipment and to reduce adverse environmental
impacts.

From 1984 to 1990, in connection with expirationsefvice life of six PT-60-130 generating unitgyth
were replaced by new PT-65/75 generators - as wtresstalled capacity of the power plant was
increased. In 2000, modernised # 7 turbine was desiomed - these measures allowed to increase
installed electric power and heat energy generataqmpacity by 10 MW and 10 Gcal, respectively. In
December 2003, in the course of reconstruction syookitdated turbine and generator of # 8 unit were
replaced by modern hi-tech equipment. In particuder induction generator was installed to regulate
reactive capacity. Consumption of fuel per unitpofver output was reduced by 5%. In 2006, the first
stage of reconstruction of the coal storage unis wampleted. In 2008, generating unit # 1 was
reconstructed with replacement of the main gengrdte main transformer, facility load transfornaed
high-voltage switches - as a result, installed geien capacity of the TEP was increased by 10 MW.

In the framework of "Mosenergo" environmental pagr from 1995 to 1997, the company replaced
outdated electrostatic filters by modern ABB equamin Installation of new electrostatic filters alied

to reduce ash releases in 20 times. In the per@ad 1992 to 1998, boilers of TEP-22 were equipped b
systems for recirculation of flue gases to the costibn chamber. These improvements allowed to eeduc
emissions of nitrogen oxides from 400 - 500 niton140 - 180 mg/f(in the case of gas fuel).

Table 2.5

TEP-22: Emissions of specific air pollutants in 2@fbns/year)

Pollutants Untreated Channelled Extracted and | Overall pollutant | Standard
to pollution | neutralised by | releases to the| emission
control emission control | atmosphere ceilings for
equipment equipment the reporting
(total) year

(tonsl/year)
Total £ Total - In the | in the

Sz & reporting previous
g s, | year year

S 5o <

o B QY ©

SEng 5
SCE3 S5
SEloa £ a

Overall 17 805.84 | 17 738.44 | 78 693.73 77 817.25 18682.31 | 18890.02 | 42 638.38

NO, 15130.06 | 15 126.48 15130.06 | 15130.06 | 15 130,06

SO, 2611.96 | 2611.96 2611.96 2312.44 | 8622.71

Fuel oil ash 0.053 0.012 1.194

CcO 6.225 0.000 6.225 3.382 6.225

Solids 55.19 - 78 693.73 77 817.25 | - 931.66 901.15
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TEP-17

142800, Moskovskaya oblast, Stupino,Frfinze St. phone: 8 (49664) 207-02
phoneffax: (+7 495) 957 23 40, e-mail: rabotal7@nesyo.ru

Table 2.6

Key performance indicators of TEP-17 as at 01.00920

Installed power generation capacity, MW 192
Electric energy generation, million kWh (annual) 654.575
Installed heat energy generation capacity, Gcat/hou 712
Heat energy production Gcal (annual) 528.426

TEP-17 is located in Stupino town of Moskovskayéast) at the distance of 100 km to the South from
Moscow.

Main types of fuel used: lignite from mines of Moscregion, natural gas.

The thermoelectric plant supplies electric powed aeat energy to industrial facilities and munitipa
utilities of Stupino town with population of morkan 75 thousand residents. The power plant uses an
open heat supply system and a spray cooling pancirftulating water.

The first stage of TEP-17 was commissioned on Ma$9%0. By the end of 1953, all facilities of the
power plant were ready for commissioning. Since5198 addition to local lignite, the power plant
started to use natural gas as a mainstream fuebé® supply purposes, a gas distribution netwak w
constructed).

TEP-17 maintains permanent works for modernisatiwhtechnological improvement of the power plant.
In 1999, a facility for chemical water treatment thie municipal heating system of the town was
commissioned with capacity up to 1200 tons/houmvater and a demineralisation installation with
capacity of 420 tons/hour. In 2000, new TZFP-5@@nerator was installed in generating unit # 2. In
2002, PT-30-8.8 turbine was installed in generating # 3. In 2008, the electric equipment of TEP-
underwent a partial reconstruction. In 2009, neWwHFZ.10-2 MUZ was installed in generating unit # 4.
New TRDTsN-125000/110-U1 was installed. In the selcquarter of 2009, completion of reconstruction
of a pumping station was expected.

In 2008, in the framework of "Mosenergo” environnatrpolicy, pollutants’ emissions were reduced
comparatively to 2007.

Table 2.7
TEP-17: Emissions of specific air pollutants in 2@tons/year).

Pollutants Untreated Channelled | Extracted and | Overall pollutant | Standard
to pollution | neutralised by | releases to the| emission
control emission control | atmosphere ceilings for
equipment equipment the reporting

(total)

year
(tons/year)

27 http://www.mosenergo.ru/docs/info/518.aspx
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Total E o Total 2 In the [ in the
e 8 2 ; ;
£ _C = reporting previous
s 3 5 year year
L2 a
S c 2]
= O C
e s
.c .2 L=
285 =
Overall 2534.21 2524.06 | 12 876.18 11748.20 3662.20 4 409.66 | 9 394.06
NO, 747.3 746.96 747.30 832.03 1 283.49
SO, 1776.33 | 1776.31 1776.33 1902.52 | 5078.98
Fuel oil ash 0.15 0.183 0.610
coO 0.684 0.360 0.684 0.684 0.684
Solids 8.72 0.34 12 876.18 11 748.20 1136.70 1673.23

Estimates of mercury emissions

Average mercury contents in coal from Moscow regioal deposits reaches 0.2 mg/kg.

In mid-1990s, the average ash removal factor inRhesian energy sector as assessed at the level of
0.91. In the case of Moscow TEPSs, it reached Om8le in industry and in the housing and utilities
sector it reached only 0.70

In addition, some generating facilities are alswigged by pollution control installations for $O

removal, including different wet/dry scrubbers;estive catalytic/non-catalytic reduction may bedise
control NQ, releases.

Chelyabinsk TEPs

"Fortum" Co. Ltd.

454077, the Russian Federation, Chelyabinsk, 6 @aldhakskiy Trakt.
phone: +7 351 259-64-91/259-64-79

fax: + 7 351 259-64-09

e-mail: fortum@fortum.ru

Director General - O.V.Zharkov.

"Fortum" Co. Ltd. is the Russian subsidiary of Finnish Fortum EneZgycern - former TGK-10 Co.
Ltd. was officially renamed into "Fortum™ Co. Ltieh. April 2009.

The company belongs to leading suppliers of elegimwer and heat energy in Urals region and Western
Siberia. Overall installed generation capacityhef tompany reaches about 2,800 MW of electric power
and 13 600 Gcal/hour of heat energy. The compangrgées annually 16 billion kWh of electric power
and 22 million Gcal of heat energy. Implementatimina major investment program is expected to
increase the electric power generating capacityp 300 MW.

Power plants of "Fortum" Co. operate in the Uratgion and in Western Siberia, including 8
thermoelectric plants (five in Chelyabinskaya obkd three in Tumenskaya oblast). The compang sell

28 Ajir Emissions of Heavy Metal: Experience of Asseest of Specific Parameters. Minsk: Nat. Resouttsss
R&D Institute of the National Acad. Sci. of Belayd998. 156 p. (Rus.)

29 Assessment of Mercury Releases to the Environfnemt the Territory of the Russian Federation. Prsiifor
the Arctic Council. The Federal Environmental, Tiealogy and Nuclear Supervision Service, the DaRBIA,
2005.
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electric power to the wholesale energy market aat Bnergy at local markets in cities where comigany
power plants operate. In addition to the compassifitin the sphere of heat energy supply its deargh
company also provides heating services to diffecensumers ("Urals Heating Networks" Company).

The company operates Argayashskaya TEP (instaflpdoity of 250 MW), Chelyabinskaya TEP-1 (165
TEP), Chelyabinskaya TEP-2 (320 MW), Chelyabinskag#®-3 (180 MW), Chelyabisnkaya SDPP (82
MW). The overall generating capacity of "Chelyabgo# reaches 1,629 MW, while "Yuzhnouralskaya
GRES" Co. operates installed electric power geimgyatapacity of 882 MW; and heat energy generation
capacity of 395 Gcal/hour).

Three TEPs use coal as a fuel. Coal from Chelyabiksoalfields is supplied toArgayashskaya TEP,
TEP-1 and TEP-2 in Chelyabinsk, and Yuzhnouralske&P. Chelyabinsk Coal Co. supplies annually
about 3 million tons of coal to the above powens4.

Chelyabinsk lignite coalfields are located at Basstopes of the Southern Ural Mountains at thettey

of Chelyabinskaya oblast - the deposit is a nastyip with maximal width of 15 km and length of aibo
170 km, almost parallel to the Urals Gorge (frore ffecha river in the North to the Ui river in the
South). Local lignite, in terms of its caloric valis close to hard cdal Overall mercury contents in
Chelyabinsk lignite is shown in the Table belowtédmr 200152

Table 2.8

Overall annual mercury extraction with coal in Chelyabinskaya oblast®

Region, oblast Coal extraction, Average mercury Mercury extraction with
million tons contents in coal, mg/kg| coal, tons

Chelyabinskaya oblast 3.3 0.05 0.17

Argayashskaya TEP

Address: 456796, Chelyabinskaya oblast, Ozerskpbonrniy township. 1 Lenina St.
phone: + 7 351 267 81 30
Director: Mescheryakov Ivan Vladimirovich

The power plant was commissioned on July 7, 1954.TEP is the key source of electric power and heat
energy for Novogorniy township, nearby districtze@k town and "Mayak" Chemical Plant. The power
plant is equipped for use of gas and coal fuel.

The share of coal in the TEP fuel mix reaches 3The TEP is equipped by 6 turbines, 9 power-
generating boilers, 3 steam boilers and 3 watetirigehoilers.

Installed capacity: 195 MW electric power, 576 @Gualir heat energy.

Argayashskaya TEP in one of heaviest emitters #éfamts in the sector. First of all, such a sitoatis
attributed to outdated equipment and extended getetween scheduled mandatory maintenance works

%0 http://www.businesspress.ru/newspaper/article_nBdatd_296867.html

31 http://www.vipstd.ru/journal/content/view/44/39/

32 Assessment of Mercury Releases to the Environifnemt the Territory of the Russian Federation. Prsdiifor
the Arctic Council. The Federal Environmental, Tiealogy and Nuclear Supervision Service, the DaRBA,
2005.

33 valuable and Toxic Elements in Marketable Rus§laal: A Reference Book. M.: Nedra, 1996. 238 p.siRm!
Russian State Company; The Russian Committee olo@eand Use of Mineral Resources). (Rus.).
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(as ordered by the United Energy System of Ru$sia) 2006, the TEP had to switch off its boileredu
to equipment failures.

Argayashskaya TEP had failed to meet prescribedsom standards by January 1, 2007. According to a
TEP representative, a delay in implementation afrenmental actions was caused by transfer to new
owners. Besides that, higher emissions are at&ibiat low grade coal.

Chelyabinskaya TEP-1
Address: 454119, Chelyabinsk, 40 Kopeiskoye Highway
phone: + 7 351 255 23 59

Director: Kolesnikov Anatoliy Leonidovich.

The first stage of the TEP was commissioned onalgnii8, 1942. The power plant is located in the
south-east part of Chelyabinsk. The TEP uses gasaal (less than 10%).

Chelyabinskaya TEP-2 is equipped by technologicallgss-linked installations, including 6 back-
pressure turbines, 8 generating boilers and 6 loeakwater heater boilers.

Installed capacity: 149 MW (electric), 1341 GcallhdDesign documentation for modernisation of TEP-
1 is under development now.

Chelyabinskaya TEP-2

Address: 454079, Chelyabinsk, 69 Lineinaya St.

phone: + 7 351 239 33 59; fax: + 7 351 775 15 70

Director: Suvorov Sergey Pavlovich.

The first generating unit of Chelyabinskaya TEF6@ MW) was commissioned on December 1, 1962.
The power plant is located in the eastern parhefcity and uses gas as the mainstream fuel andisoa
auxiliary fuel (10% of the TEP fuel mix).

Equipment: 4 turbines, 9 generating boilers ané&kgdoad water heating boilers. 8 of 9 boilers rbay
switched to coal.

Installed capacity: 320 MW (electric), 956 Gcal/hddesign documentation for modernisation of TEP-2
is under development now.

Volgograd TEPs

The following thermoelectric plants operate nhowmlgogradskaya oblast:
¢ Volgogradskaya SDPP;
* Volgogradskaya TEP-2;
* Volgogradskaya TEP-3;
¢ Volzhskaya TEP-1;
* Volzhskaya TEP-2.

None of the above power plants uses coal as ath&},use gas or fuel oil as a reserve fuel. IN0$98
mercury-containing instruments were used at Volgdgkaya SDPP, but now they are not used any
more.

Krasnodar TEPs

3428.12.2006: Chelyabinskaya oblast DirectoratdefRF Technical Supervision Service, www.gosnadzor.
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Krasnodarskaya TEP

Address: 350021, Krasnodar, 13 Tramvainaya St.
phone: (8612) 37-13-14 fax: (8612) 37-16-47
Director: Proskurchenko Vladimir Nikovaevich

Krasnodarskaya TEP operates in Krasnodar (the 8ouffederal District) as a power plant of "Lukoil-

Kubanenergo" Co. (fully owned by "Lukoil* Co.). "kail-Kubanenergo" Co. was established in 2009, in
the course of reorganisation of "TGK-8". The comparaintains electric and heat generating capawity i

Krasnodarskiy Krai and the Republic of Adyg&ya

Generating capacity of Krasnodarskaya TEP: 1 milkav.

At the initial stage of operation of the TEP, ceals used as the main type of fuel. To dispose adf c
slag and ash, the ash dump was constructed atidtzmack of 2 km from the TEP site. The dump was
operational up to 1961, later on the TEP switcloegse of gas fuel.

Fuel types: gas, fuel oil, coal (only as a reséne$)*°.

Coal is supplied from Donetskiy coalfiefds Average mercury contents in the coal reaches40.09
mg/kg™®.

L.A.Medvedeyv, the Director General of "Lukoil-Kubamergo" Co. informed us that "mercury-containing
raw materials are not used for generation of eteatrd heat energy, there are no sources of gévrexet
mercury-containing waste". Burnt fluorescent bultepresent the main mercury-containing waste
materials of "Lukoil-Kubanenergo" Co. facilitieSuch waste materials are stored in pressurised
containers. After accumulation of a substantialchathe company transfers the waste to a waste-
processing company with a license to utilise mgraantaining waste.

Now, "Lukoil* Co. implements the largest investm@nbject in the Southern Federal District at the si
of Krasnodarskaya TEP - construction of a new eghfired generator unit with electric power capaci
of 410 MW and heat energy capacity of 220 Gcal/hbiaw, the company has completed construction of
foundations for main installations, enclosing methstructions and the framework of the heat regove
boiler are being assembled. As scheduled, congiruetorks and commissioning of the new unit in
Krasnodar will be completed in 20%1

Irkutsk TEPs

"Irkutskenergo" Co. Ltd.

Address: 664025, Irkutsk, 3 Sukhe-Batora St.
phone: (395-2) 790-300

fax: (395-2) 790-899
http://www.irkutskenergo.ru/

Executive director: E.A. Novikov

35 www.ebrd.com/projects/eias/387 14infor. pdf

36 http://www.e-m.ru/app/2008-03/23524/

37 http://geo.1september.ru/articlef.php?1D=200500109

38 Emissions of mercury from coal fired power plaint®ussia - preliminary estimated for ACAP. Munthe
Wangberg I.; Chugaeva A.N.; Kiseleva N.V.; Smigbl.] Bragina O.N., Anichkov S.N.; Tumanovsky A.G/L
Swedish Environmental Research Institute, Sweddnvan All Russia Thermal Engineering Institute, 300
39 http://www.yuga.ru/news/184435/
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"Irkutskenergo" Co. incorporates major generating aoal mining facilities and operates in Irkutskay
oblast and Krasnoyarskiy Krai. The company operatesascade of three hydroelectric plants at the
Angara river,9 thermoelectric clusters in major cities of Irkutghablast, 6 coal mines under control of
"Vostsibugol" Co. that produces coal and ligniteaPgo handling facilities and 1 coal clarificatiplant.

The overall installed generation capacity of thenpany reaches 12.9 GW of electric power (including
over 9 GW of hydroelectric generation capacity) 480 Gcal/hour of heat energy. In terms of cagacit
and production, the company's generating facilities able to generate more than 70 billion kWh of
electric power and up to 46 million Gcal of hea¢mrgy.

In 2005, "Irkutskenergo” Co. completed the projettintegration of Novo-Irkutskaya TEP, TEP-5 in
Shelekhov and Irkutsk Heating Networks. The projegplementation resulted in expansion of Novo-
Irkutskaya TEP, that incorporated newly establisBedlekhovskiy cluster and heating networks. Now,
Novo-Irkutskaya TEP is a major power supply clustgrerating 11 district heating facilities (in Itk

and Shelekhov), as well as 413.398 km of Irkutskting networks with associated pumping stations and
boilers.

Novo-Irkutskaya TEP

Address: 664043, Irkutslkaya oblast, Irkutsk, 6 @Blixova Blv.
phone: (3952) 795-309, 305-125. fax: (3952) 79-833®-51-33
E-mail: post@nitec.irkutskenergo.ru

Director: Nikolaev Viktor Vladimirovich

Novo-Irkutskaya TEP is the main source of heat gnéor the centralised heating system of Irkutsé an
supplies electric power to the Siberian power sypgbtem.

In the course of construction works and expansibthe TEP, several modern generation units were
installed:
* Boiler BKZ-500-140-1 at generator unit # 5 - thesffiindustrial boiler of a new series of drum
boilers (it was used for testing of technical solug to design high-capacity lignite-fired boilers
for Siberian power plants), the boiler was comnoised in 1985;
« Boiler BKZ-820-140-1 at generator unit # 8 - thegkst (and the only) drum boiler in Russia
equipped by annular furnace for lignite burningnoaissioned in 2003;
e Steam turbine T-175/210-130 at generation unit-#t& first in a series of high-load turbines of
domestic design, commissioned in 1979.

Now, the power plant operates 8 generating boulétis overall steam production of 4000 tons/hour and
5 extraction turbines.

« Installed electric power generating capacity: 6585/M
* Installed heat energy generating capacity: 185@al/Gour.

The power plant has some reserves for further estparand capacity growth.
Table 2.9

The TEP was designed to use lignite of Easternridilm®alfield. According to available data, average
mercury contents in lignite of Irkutsk coalfieldsach?

Average mercury contents in marketable coal of cogbroducers in the Republic of Buriatia

40 valuable and Toxic Elements in Marketable Rus§laal: A Reference Book. M.: Nedra, 1996. 238 p.siRm!
Russian State Company; The Russian Committee olo@eand Use of Mineral Resources). (Rus.)
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Coalfields, deposits, mining Coal grades Ash content Moisture content Hg in
facilities Ad, % Wr coal,

t, % gt
Gusinoozerskaoye, 3BR 26.9* 20.0** 0.005
Gusinoozerskaya mine
Kholbodzinskiy open cast3B R 24.8* 25** 0.006
mine
Sanginskoye deposit.3B R 23.0* 23.0?7? 0.015
Sanginskiy open cast mine

Table 2.10

Average mercury contents in marketable coal of poadlucers in Chitinskaya oblast

Coalfields, deposits, mining Coal grades Ash content Moisture content Hg in

facilities Ad, % Wr coal,
t, % alt

Tarbagaiskoye deposit,B R 17.8* 30-31** 0.012

Tigninskiy open cast mine

Bukachachinskoye deposit,G R 18.4* 0.007

Bukachacha mine

Kharanoiskoye deposit, 2B R 17.3* 40** 0.02

Kharanoiskiy open cast

mine

Tataurovskoye deposit,2B R 14.5* 32-34** 0.006

Vostochnoy open cast ming

Magadanskaya TEP

Address: 685021, Magadan, 25 Rechnaya St.
phone: +7(4132)620781
Director: Zausaiev Sergey Aleksandrovich

Magadanskaya TEP of "Magadanevnergo" Co. Ltd. tilthe only source of heat energy supply in
Magadan. Installed generating capacity: 96 MW telepower), 210 Gcal/hour (heat energy).

Magadan belongs to cities with extremely high ailiugion level$' . Magadanskaya TEP is one of the
heaviest air polluters in the city, its pollutiomissions contribute 63% to overall emissions of ¢t
industrial facilities and 14% of overall emissiafsndustrial facilities of Magadanskaya obfast

The key problem of Magadanskaya TEP is associattdits deterioration of its heating pipelines -as
result, the TEP cannot utilise its full capacity. 2008, funds of the Program for Development of the
Russian Far East and the Trans-Baikal region alioteerepair 1 km of heating pipelines from their
overall length of 11 km.

Magadanskaya TEP uses coal fuel - the coal is mtpgtom Kuzbass coalfields (Kemerovskaya
oblast}?.

“1 http://www.mnr.gov.ru/part/?act=more&id=6454&pidE 1

“2 http:/lwww.vnagaevo.ru/node/1242

“3 http://severdv.ru/news/show/?id=30764&rubrics[ 1zubrics[20]=1&r=19&sec=20&order=d&p=5
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Weighted average mercury contents in Russian geaéstimated at the level of 0.08 mg/kg - the tatte
figure substantially depends on mercury contentoal from Kuzbass coalfields in Kemerovskaya dblas

(the key source of marketable coal), as Kuzbaskoardributes about a half of all mercury contents

the overall amount of mercury extraction with

cimaRussia**

Average mercury contents in Kuzbass coal are shiowire Table below?

Table 2.11
Coalfields, deposits, mining facilities Coal grades Ash Moisture Hg in

content | content coal, g/t

Ad, % Wr

t, %

Kuznetskaya mine G coke 18.2 8.2 0.01
Novosergeevskiy open cast mine SS 8.2 5.2 0.01
Cherkassovskaya mine K 17.4 6.2 0.01
Shushtalepskaya mine T 23.5 8.2 0.01
Tom-Usinskiy, Krasnogorskiy open cast mine T 18.9 95 0.01
Kalinina mine K, KO, KS, SS 22.1 5.3 0.02
Ziminka mine K, KO, KS 15.1 6.7 0.02
Biryulinskaya mine K, K 32.2 7.4 0.03
Yuzhnaya mine SS 14.5 7.2 0.03
Tyrganskaya mine SS 10.4 6.5 0.03
Baidayevskiy, Bolshevik mine G coke 13.1 7.1 0.03
Novokuznetskaya mine G coke, GJ 14.9 7.1 0.03
Kolmogorovskiy open cast mine, sectiol, G en 13 16.8 0.03
Kolmogorovskiy 1
Zarechnaya mine G en. 13.1 11 0.03
Prokipievsko-Kiselevskiy, Krasnobrodskiy open cadt 10.5 4.7 0.03
mine
Kolmogorovskiy-2 open cast mine D 15.5 17.1 0.03
Aralichevskiy, Ordzhonikidze mine T 27 6.5 0.03
Kondomskiy, Severniy Kandysh mine T 24.2 5.9 0.04
Vysokaya mine J 32.5 5.9 0.04
Prokipievsko-Kiselevskiy, Prokopievskoyge,T 16.6 55 0.05
Tsentralnaya mine
Prokopievskiy open cast mine SS 8.3 8.7 0.05
Zyryanovskaya mine G coke, GJ 23.5 7.6 0.05
Leninskiy, Signal mine G en. 13.9 1.4 0.05
Alarda mine K, KO, KS 19.1 7 0.05
Tersinskiy, Baidaevskiy open cast mine DG, G en. 216 9.6 0.05
Belovskiy, Kolmogorskaya mine DG, G en. 13.1 8.7 050.
Berezonskaya mine K 26.1 5.4 0.06
Dimitrova mine T 21.2 6.7 0.06
Kemerovskiy, Volkova mine GJ 26.5 7.5 0.08
Kedrovskiy open cast mine SS 13.1 8.7 0.08
Anzherskiy, Sudzhenskaya mine TS 18.1 2.3 0.08
Kolchuginskoye mine cluster D 17.8 8.6 0.08
Osinovskiy, Kapitalnaya mine J 27.9 5.9 0.08
7 Noyabrya mine G coke 14.5 8.4 0.1
Shevyakova mine K, KO, KS, OS 29.5 8.1 0.1

44 Assessment of Mercury Releases to the Environifnemt the Territory of the Russian Federation. Poedbifor
the Arctic Council. The Federal Environmental, Tiealogy and Nuclear Supervision Service, the DaRBA,

2005.

“5 Valuable and Toxic Elements in Marketable Rus§laal: A Reference Book. M.: Nedra, 1996. 238 p.qRm!

Russian State Company; The Russian Committee olto@eand Use of Mineral Resources). (Rus.).
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Raspadskaya mine GJ 19.4 5.6 0.2
Olzherasskiy open cast mine SS 22.5 6.4 0.3
Mrasskiy, Mezhduirechenskiy open cast mine K, KO, T 18.4 4.2 0.5
Kaltanskiy open cast mine T 19.8 7.6 0.6
Tomusinskiy open cast mine oS 17.8 5.1 0.6

Note. Kuzbass coalfields are the largest source of fwrgdroduction of coke and by-products, as well as
for power industry; in terms of coal reserves tbalfields are the largest in the country, coke-gredal
is particularly important (about a half of the aadécoal production).

Chapter 3
Chlorine-alkali production in Russia

In response to request of the Mercury Ad Hoc Opmted WG UNEP produced a report with
assessment of prospects of meeting foreseen mateuargind in the case of phase-out of primary mercury
mining®. The Table below shows mercury consumption in chisdlkali production in 2005, and
forecasts of future mercury consumption up to 20IBe report describes two scenarios. The first
scenario stipulates maximal future consumption rafieécts contemporary trends, legislation and kahit
initiatives. The second scenario stipulates lowesraury consumption for production of mercury-
containing products. To a some extent, the actiahtion will depend on introduction of more
progressive measures, such as new political iméist dedicated financing and other incentives lizae

not been confirmed yet.

Table 3.1

Mercury consumption in chlorine-alkali production

Sphere o|Consumption rangein |Conservative "status quo"
application 2005 (tons) scenario up to 2015
Chlorine-alkali {450 - 550 reduction by 30%
production

According to the report, in addition to primary ity extraction, there are some other mercury gs,rc
that are usually utilised to meet mercury demare most substantial source is associated with mercu
recovery from chlorine electrolysers. These eldgders contain substantial amounts of mercury,
necessary for their operation. Mercury is recoveffeom the electrolysers in the course of
decommissioning works or after switch to mercusgeftechnologies.

According to data of the report, main sources ofraumgy include primary extraction and mercury
recovery from chlorine-alkali electrolysers. In B30Grom 700 to 900 metric tons of mercury were
recovered, while primary mercury extraction reactiech 1150 to 1500 metric tons.

Chlorine-alkali production still remains the keyhspe of mercury application in Russia (mercuryssal

as liquid electrode material in the production ps®). In 2002, mercury consumption for these p@pos
reached about 103 tons, however, its consumptidinénsector varies in different years, and in some
years it may increase. In addition, about 7.5 tohsnercury (as mercury chloride) were used as a

“¢ Report on Current Mercury Supply and Demand, licig Forecasts of Phase-out of Primary Mercury
Extraction. Meeting Future Mercury Demand withotitiary Mercury Extraction - the report producedésponse
to request of Mercury Open-ended WG, 14.07.2008,
http://www.chem.unep.ch/mercury/OEWG2/document#f6$sian/ OEWG_2_%206_r.doc
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catalyser for production of vinyl chloride monon{ésr PVC production). In the both cases, mercury is
used as a process chemical and only a minor paneafury comes to final produtts

Mercury emissions from chlorine-alkali productionRussia are assessed as follows:
Table 3.2

Mercury emissions from chlorine-alkali productionRussia

Activity categories 'Mercury emissions

The optima % o the tota|Uncertainty
estimate, tons/year |amount categories****
Purposeful use of mercury
Chlorine-alkaline |1.2*** 3.0 3.0
production

*** Direct emissions in the course of technologipabcesses. Certain amounts of mercury may besedei® air as
so called unaccounted losses (in 2002, these logmesestimated as 50 tons).

*x% Uncertainty categories: A: according to actutcilities' data - uncertainly is associated withaccounted
losses; B: expert assessments - the actual vallienast likely belong to the range of + 50% arouh@ most
accurate assessment; C: expert estimates - thal @efue may substantially exceed the range 0f0% &round the
most accurate estimate.

Mercury emissions from production of chlorine armdistic soda in 2002 were estimated at the level of
1.2 ton (direct pollutant emissions with ventilatiexhaust and flue gases).

Authors of the assessméhtfrom the outset assumed that unaccounted lagfseercury in chlorine-
alkali production of Russia exceed 50 tons, antrttexcury predominantly concentrates in constratjo
soils on facilities' sites and within nearby temiés. Assessments of mercury emissions of chlerine
alkaline facilities meet data of environmental mejpg of these facilities and data of the officmaércury
inventories. Precise amounts of mercury emissioiestd unaccounted losses are unknown.

About a half of chlorine in the Russian Federativas produced with application of mercury electrodes
while the rest was produced with application optlimgm electrolysetd Now, there are four operational
chlorine-alkaline production facilities in Russia:

» "Kaustik" Co., Sterlitamak, the Republic of Bashkatan (since 1977);

« "Kaustik" Co., Volgograd, Volgogradskaya oblash¢s 1968);

» "Kirovo-Chepetskiy Chemical Plant" Co. , Kirovo-Qletsk, Kirovskaya oblast (since 1955),

« "Sayanskhimplast" Co., Sayansk, Irkutskaya obkiaté 1979).

In this survey, data are provided for "Kaustik" C¢/olgograd, Volgogradskaya oblast) and
"Sayanskhimplast" Co. (Sayansk, Irkutskaya oblast).

47 Assessment of Mercury Releases to the Environfnemt the Territory of the Russian Federation,
http://www2.mst.dk/common/Udgiviamme/Frame.asp2fvw2. mst.dk/Udgiv/publications/2005/87-7614-541-
7/html/kap06_rus.htm

8 Assessment of Mercury Releases to the Environfnemt the Territory of the Russian Federation,
http://www2.mst.dk/common/Udgiviamme/Frame.asp2févw2. mst.dk/Udgiv/publications/2005/87-7614-541-
7/html/kap06_rus.htm

9 Assessment of Mercury Releases to the Environifnemt the Territory of the Russian Federation. Prsdlifor
the Arctic Council. The Federal Environmental, Tiealogy and Nuclear Supervision Service, the DaRBA,

2005.
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"Kaustik" Co.

Russia, 400097, Volgograd, 57 "40 Let VLKSM" St.

The Director General of the Superior Company: Azigtdor Englenovich
phone: 40-69-90

The Chief Engineer of "Kaustik" Co.: Sergeev SeAjeksandrovich
phone: 40-69-80.

Mainstream production activities: production of aiihe, caustic soda, hydrochloric acid and diverse
chemical products.

At Volgograd facility of "Kaustik" Co. mercury-bageproduction of chlorine was launched in 1968,
while in 1984 diaphragm electrolysers were put ioperation. Now, the both production lines are
operational.

Products of chlorine-alkali production facilities
Liquid chlorine in tanks

Liquid chlorine in cylinders

Liquid chlorine in containers

Sodium hydroxide technical grade RD
Sodium hydroxide purified grade RR
Granulated sodium hydroxide technical grade 99%
Reagents: sodium hydroxide

Hydrochloric acid synthetic

Hydrochloric acid (recovered)

Hydrochloric acid (inhibited)

Hydrochloric acid reagent grade (Ch)

Sodium hypochlorite A grade

Table 3.3

Production of "Kaustik" Co. in 2005 - 2006.

Products 2005 (thousand®006 (thousandl shares in 2005 (%) shares in
tons) tons) 2006 (%)

sodium hydroxidg 210 216 18 18

(solution)

sodium hydroxide solid | 67504 63510 62 60

Technology of electrolysis with liquid mercury catlode

Main technological process: electrolysis in an etdgtic cell with liquid mercury cathode, connedt®

a decomposition tank. Mercury circulates in thé aatl the decomposition tank (forced circulationaby
mercury pump). Graphite or low-wear anodes are usélte process. Anolite (sodium chloride solution)
also circulates in the unit. Anode process: eletiemical oxidation of Clions with release of gaseous
chlorine:

2 CI' - 2¢ = Cl,’1,

Chlorine is removed from the unit.
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Cathode process: electrochemical reduction of sodins to metal sodium, that dissolves in liquid
mercury, forming a weak sodium amalgam:

Na' + e + Hg = N&(Hg)

Sodium amalgam flows to the decomposition tank wptirified water. In the decomposition tank
dissolved sodium spontaneously reacts with wattr fermation of sodium hydroxide and hydrogen:

Na(Hg) + H,O = NaOH + ¥H,1 + Hg

The caustic soda solution obtained in the process marketable product - it does not contain sodium
chloride (presence of the latter compound adverafbcts viscose production processes). After ailmos
complete removal of dissolved sodium, mercury igirageturned to the electrolyser. Hydrogen is
removed and purified. Anolite solution from the atfelyser is enriched by sodium chloride, purified
from impurities (the impurities from raw sodium ohile and products of decomposition of anodes and
other materials) and returned to the electrolg#id. Prior to adding new sodium chloride to thelds, it
undergoes two-stage or three-stage removal of [dessahlorine.

Mercury-containing inputs
Metal mercury is supplied in cylinders (4.1 tonsiye
Mercury releases

According to the material balance scheme, merairgleased with:
. with caustic soda;
. with hydrogen;
. with sulphuric acid;
. with wastewater, including wastewater flows fromshimg and steaming of production
equipment in the course of preparatory, inspediuwhrepair works;
. with anolite sludge;
. with gaseous emissions;
. with mechanical losses in the technological cycle.

Unaccounted (or, more likely, unorganised) sourcesf mercury releases to the environment

The chlorine-alkali shop (mercury-based processpdyction of caustic soda, liquid chlorine and
synthetic hydrochloric acid:
a) the facility for incineration of mercury-contaig waste and lamps in induction furnaces
« the unit for filling of mercury cylinders;
« the unit for uploading of ash from induction fureag
« induction furnaces: in 2009, one absorber was eeclifrom the two-tier emission control system
- absorber + absorber + two SKD TsN cyclone filtergthout any substantiation (the absorber is
installed but switched off)/ As a result, the spstés overloaded and operates with lower
efficiency.
« the unit for discharge of mercury-containing wasteex from the collector tank to trucks;
e emissions in the course of all-seasons storageeotury-containing sludges in containers at an
uncovered storage place.

b) the building of caustic soda production shop:

e unorganised emissions from the electrolyser uniiugh windows and doors in the course of
normal technological operations of the unit, in tt@urse of steaming and inspection of
electrolysers prior to scheduled maintenance/repaiks;

* unorganised emissions from open chutes for disehafrgnercury-containing wastewater;

27



e in the absorber unit - in the course of replacenséi€¢hPR-3 activated charcoal sorbent - these
operations are conducted every 18 months inste@drainths as required.

¢) the building of electrolyser repair unit

d) the unit for collection of mercury-containingstewater:
* unorganised releases in the course of dischargeeatury-containing wastewater from trucks to
the collector;
« permanent unorganised releases from the colle€toreocury-containing wastewater through its
unpressurised cover;
* unorganised releases in the course of periodicetsia the collector (cleaning and inspection).

According to the inventory results, overall, thecifity releases 0.689 ton of mercury The figure
includes0.616 ton of untreated mercury emissions in the cose of launching electrolyses in shop #
6.

"Kaustik" Co. developed the Draft Waste Generatiod Disposal Limits document, that was approved
(20.02.2007) by the Russian Technical Supervisiganky.

According to the draft, the overall annual wastaagation by the facility is estimated to reach T30,
622 thousand fincluding:

1st hazard class -341.978
2nd hazard class - 23,148.522
Table 3.4

Mercury-containing waste:

Mercury-containing wasteuged activated charcoal) 3531070002011
Mercury-containing waster{ercury-containing sludge) 3531070002011

In 2009, in the course of inspection works, atdistance of 25 to the East from facility buildir@y16,
barrels and drums (0.73with mercury-containing waste and sludge of thestewater treatment unit
were found on the bare ground - these barrels amdsicover area of about 206.m

These barrels and drums are completely filled bycomg-containing waste and sludge and are stored on
the bare ground without any protective covers drlising (107 barrels contain about 70.0 tons afste
- 650 kg in a barrel).

As a result, in warm seasons, mercury vapour regeiom the dump cause over-standard mercury
pollution of the ambient air.

Mercury emissions control

Facility's practice of sampling air pollutants ahission sources does not comply to the Manual for
Sampling of Pollutants in Emissions of IndustrialcHities of 1987 (lack of equipped control samglin
points for air emissions).

The facility only controls emissions of gas/partitas control units, emissions of other fixed sesrare
not controlled and relevant sampling points are ewipped. (Reliability of results of the emissions
inventory at fixed sources, that were obtained ibyal measurements, seems questionatiie ifiventory
suggests that emissions of some pollution sources were measured directly), as there were no sampling
points equipped, e.g. in shop # 6 (mercury-basedymtion of caustic soda, liquid chlorine and swtith
hydrochloric acid):
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e building # 14-16 - adsorber exhaust (removal ofausr vapour) - samples were taken through a
blowing airhose instead of direct sampling from $barce;

e building # 14-16 - emission source V - 1 - a sangplhole does not exist (the inventory suggests
that the source emissions are measured directly).

The facility does not measure input/output gas flaf gas/particulates control units - as a resuls
impossible to estimate actual emissions at thegomsources quantitatively.

According to results of quantitative analysis oftéemt air samples, collected on 11. 09.2009 origect
#2 (so called "dirty section at the distance ofkb® SW from "Kaustik" Co. collector pond, mercury
levels were found to exceed the relevant MAC offtlds (Hg level of 0.00032 mg/was registered at
MAC of 0.0003 mg/m). The analysis results confirm that mercury in teaster flows channelled to
section # 2 (analysis suggests Hg levels in wétérist mg/m) causes mercury emissions from the latter
fixed source.

Mercury emissions were calculated according tdMeéhodology for Estimation of Air Concentrations of

Hazardous Substances from Industrial Emission 88U{©ND-86, the All-Union Standard, approved by
the State Committee for Hydrometeorology in 1986 agreed by the Public Health Ministry), the

Manual on Setting Discharge (Emission) Limits (amed in 1989), Recommendations on Compiling and
Maintenance of Emission Limits for Industrial Féads (issued in 1989), and the Methodology for
Estimation of Discharge Limits for Substances Withstewater Flows (recommended in 1991).

The facility uses the following instruments for gtitative analysis of emissions:
¢ RA-915 atomic adsorption spectrometer;
¢ Yulia-5 atomic adsorption spectrometer.

"Plascard" Co. Ltd.

Russia, 400097, Volgograd, 57a "40 Let VLKSM" St.

Director General: Kleibanov Mikhail Semenovich

The Chief Engineer: Kravtsov Sergey Mikhailovichppe 40-67-79

Mainstream production: industrial-scale productiai vinyl chloride (VCM) and suspension
polyvinylchloride (PVC-S) - PVC-S-7059M, PVC-S&58M, PVC-S-7058MTS, PVC-S-6768M, PVC-
S-6358M, PVC-S-5868PJ, PVC-S-6149U, PVC-S-6669dSo#mer chemical products.

Production capacity

Annual rated production of the facility: 90,000 $onf PVC-S. In 2008, the facility reached record
production output levels - 93,793 tons of PVC-SM 86,279 tons of VCM.

Production technology
Catalytic hydrochlorination of acetylene (acetylene is produced from calcium carbide).

Chemistry of the production process:
. Acetylene production:

CaC, + 2H,0 — Ca(OH)2 + C,H,
. Hydrochlorination of acetylene:

HgCh
CH;+ HCI — CH,=CHCI
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Brief outline of the technology:

Cleaned and dried acetylene (with max. moistureesdgrof 1.5 g/m3) is mixed with dry cleaned hydnoge
chloride in ratio of about 1.0:1.1. The gaseoustune is supplied to the upper part of a tubulacter,
filled with the catalyst (activated charcoal, impmated by mercury dichloride HgC{10-15 %). The
reactor is made of carbon steel (tube length: 3mefres, diameter: 50 - 80 m). Temperature in the
reaction zone is maintained at the level of 15@0°C. Gases from the reactor come to a speciay spra
column with hydrochloric acid for removal of mergudichloride. From the first spray column reaction
gases come to the second splay column for treatimgnwater and alkaline solution for removal of
hydrogen chloride, acetaldehyde and carbon dioXilen the reaction gases are cooled in the condense
for removal of water and come to the rectificat&iage for removal of high-boiling impurities. Ateth
final stage, vinyl chloride goes through a columithwsolid sodium hydroxide for final drying and
neutralisation of acidic compounds.

See the production chart below:

Hydrochloric low-boilin
CeH, ¢ a():/ic ¢ H0 ¢ NaOH T fractior ’
vinyl chloride
—P| Reactor with Catalyst removal Purification Rectification and
HCl the catalyst | —— | column —» column »( tertiary —>
> purification unit
Hy_droc_;hlorlc ¢ wastewater for ¢ high-boiling
acid with HgC} treatment fraction

In addition to its economic shortcomings, the mdtlod catalytic hydrochlorination of acetylene is
environmentally hazardous, as notwithstanding mgroecirculation in the process, it inevitably @des

to the environment with production emissions argtlairges. In 2002, such releases in Russia reached
about 31 kg.

In the period from 2003 to 2008, the above techywkttracted new interest due to substantial grafth
global oil and gas prices, however, the economigiscof 2008 made direct oxychlorination of ethyen
the most economically attractive option again.

Mercury-containing production inputs

Mercury is used in the production process as alys#r - activated charcoal, impregnated by mercury
dichloride HgC} (10-15 %)

Mercury emissions and discharges

Mercury in the facility may escape with:
* hydrochloric acid after the column for removal loé tcatalyst.
« with wastewater after washing and steaming of pctido equipment in the course of -
preparatory, inspection and repair works.

According to the draft waste generation and displbisdts (WGL) "Plaskard" Co. was issued waste
disposal permit (reg. # RRS 39 02695-ot of 26.09720The WGL was later extended up to 26.09.2009.

According to the draft WGL, the overall annual getien of waste at the facility reaches 19185d&6s}
including:
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* 1st hazard class - 0.982 tons;

* 2nd hazard class - 524.63 tons;

* 3rd hazard class - 13902.196 tons;
* 4th hazard class - 4322.566 tons;
e 5th hazard class - 435.186 tons.

Table 3.5

Waste types Estimated waste generation rates according to Estimated waste
technical regulations (per 1 tons of VC), tons generation rates
Design Actual according to WGL

(per 1 ton of VC), tons

VC rectification residues| 0.025344 0.00836 0.010

DCE rectification residue§  0.01452 0.03757 0.043

Tar and soot (coke powder 0.018 0.043

in WGL) T

According tohazardous waste form 314 801 00 09 01 3 used gr&atad catalystis classified as 3rd
hazard class waste.

There are no hazard class assessments and rdstotsponents' analysis for the above type of waste
such a case its hazard class should be assesbauttegts. For the time of compiling the hazardeaste
form, no protocols of bio-testing for the waste vavailable.

According to available analytical data, mercuryhtticide contents in the used catalyst are over 10%.
Therefore, for purposes of hazard class assessthenfjaximal possible concentration for the giwgret
of waste should be used.

In 2009, representatives of the Centre of Laboyaforalysis and Technical Measurements (CLA) and
the facility collected the following samples:
e # 1 (SB1) - used activated charcoal, contaminateddrardous substances (granulated used
catalyst); sampling point: building 12, the usethlyest storage facility;
e - #5 (PP-3) - used activated charcoal, contamihbte hazardous substances (granulated used
catalyst); sampling point: building 12, the usethlyest storage facility.

Quantitative analysis of sample PP-3 revealed 2&l6f mercury and 0.4352% of iron. As quantitative
analysis of the sample did not allow to identify @mponents of the sample, and the waste contains
mercury in different forms (metal mercury , monawdl and bivalent mercury compounds) CLA
specialists estimated hazard class of the wastedstesting and issued their decision on clasdificaof

the waste a% (first) hazard class waste.

At the same time, estimates with application of INTEGRAL 2001-2003 software suggest 2 (second)
hazard class of the waste at HgCl,, level of 10%.

Besides that, the name of the waste does not reveal that it contains mercury - i.e. a substance of 1st
hazard class (extremely hazardous substance according to standard GOST 12.1.007-76 - " Hazardous
substances').

As the hazard class was determined by two methmadsulations and experiments), according to clause
1.5.2 of the Methodological Manual on Applicatiointhe Criteria of Categorisation of Hazardous Wast
by Environmental Hazard Classes the most high Hazass should be selected. In other words, "used
activated charcoal, contaminated by hazardous aubes$ (used granulated catalyst)" should be
categorised as waste of 1st environmental hazass.cl

Table 3.6
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Used granulated catalyst

Waste composition according to approe@aste composition according fdNaste composition according
technical regulations draft WGL (table "Physical| the hazardous waste form
(according to a material balance) chemical properties and
composition of the waste")
Name Mass concentration of theName Mass Name Mass
component (%) concentration of concentration of
the  componen the componen
(%) (%)
Mass concentration 3-5 % Granulated variable Activated 89,3
of mercury and catalyst charcoal
mercury salts (K2CO3)
Water 3
Mercury 7
dichloride
TOTAL 99.3
"Khimprom" Co.

Russia, 400057, Volgograd, 23 Promyslovaya St.
Deputy Director General - Radkovskiy Grigoriy Yakewich, phone: 45-88-05

Mainstream production - technical chemical proddictsrganic and organochlorine compounds, plastics,
plasticisers, solvents, halocarbons, flame retdaglaconsumer goods, including surfactants, insigles,
disinfectants, car cosmetics, etc.

Products:

benzoic acid anhydride, benzyl acetate, benzyl riddp glycine, dimethylphosphite,
diphenylcrezolephosphate, calcium carbide, hydribygredenediphosponic acid, chloroacetic acid,
phosphoric acid, HP-734 lacquer, HSP-L lacqueryhapedichloride, methylchloride, sodium phosphate,
sodium chlorate, flexible PVC, plasticisers, pohwdene, chlorosulphonated polyethylene, lesterol,
caustic soda (diaphragm process), benzoic alcottohutylphosphate, trichloroethylene, carbon
tetrachloride, phosphorous oxychloride, phosphotagkloride, chloroform, chlorinated paraffinspei
chloride

Table 3.7

Production levels

Products 2005 (th. tons) 2006 (th. tons)| 2008 (th. tons) 2009 (th. tons)

caustic soda solution 87 90 no data available @ aleailable
caustic soda solid 5768 7115 no data available at® available
VC no data available no data available  21.7 22.7
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Outline scheme of VC production with a mercury catéyst:

Gaseous emissions after point 19°

0.297 ke

Mercury st f P p
Catalyst for C,H Use Use
2956kR | | asHeC2 | [3605 kg VSRl =2 12916 58 ke 3507.95 ke
(storage) » hydrochlorination p catalyst » catalyst
reactor for
shipment
A A
4.58 kg 129.6 ke
Hydrochloric acid Wastewater flows of VC
after purification production process - transfer
to shop # 15
Table 3.8
Mercury-containing production inputs and outputs
# | VC production process inputs # | VC production processutputs
Mercury Quantity Mercury Quantity
(kg) (kg)
1. | Residues on 01.01.2007 1182.4 1. Used for ptaduof the catalyst 3695.00
2. | Supplied to shop # 43 in 2007. 2956.0 2. Ingasemissions after pointd9| 0.297
3. | Residues on 01.01.2008 443.4 3. In hydrochloriacid after| 4.58
purification of the reaction gaseous
mixture
4. | Residues on 01.01.2007 in the catalyst13.17 4.| In wastewater channelled to shopl29.6
for acetylene hydrochlorination reactar 15
5. | Residues on 01.01.2008 in the cataly8066.45 5| Removed in 2007 from the VYQ@916.58
for acetylene hydrochlorination reactar production process in the used
catalyst
6. | Residues on 01.01.2007 in the u$ekB98.73 6. Shipped for utilisation 03507.95
catalyst "Kubantsvetmet" Co. facility
7. | Residues on 01.01.2008 in the u$e3D7.36
catalyst
Table 3.9

Potential sources of mercury emissions and disesarg

| Source # | Emissions/discharges |

Release sources
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(m*hour)

1551/0688| 14400 Catalyst production section - ,bpgwénts @, 15; sanitary column
point 3G (VU-21, 21a)

1553/0690| 3240 Catalyst storage section (VU-24)

1556/0653| 1080 Reactors, points.2a, 4a, 6a, 15alZmg 39a, 35a (sanitary column,
point.36G)

1560 1860 Pumps, points L.9VU-22, 22a)

1561 20,52 Circulation tank VVN 19%airflow)

Discharge sources Discharges

Tank, point.37 5 fiday

Mercury emission control (methods, instruments):

Photometry, the method for determination of masscentrations of mercury dichloride in industrial
emissions of "Khimprom" Co.

"Sayanskhimplast" Co.

Address: Irkutskaya oblast, Sayansk, the facility site
phone: 8(39553)455-40

e-mail: mail@sibvinyl.ru

official web-site: http://www.sibvinyl.ru

Director General: Melnik Nikolay Viktorovich

Mainstream production activities: production of chemical products, inc. PVC, causticda, flexible
PVC, finished PVC products.

Main products:
» Suspension PVC (PVC-S) - S-7058 M, S-7059 M, SISH,64.
* Flexible PVC for cable production - | 40-18 (formulae 8/2), | 40-14 (formulae E-40-1), O-
40, 0-40 (formulae OM-40).
* Flexible PVC for footwear production - POSL-1, PG&LPOSL-2P.
e Caustic soda (sodium hydroxide).
« "Belizna" bleacher.
* Wall panels with associated beams.
e Corrugated pipes.
» Cable chutes with accessories.
*  Window frames fixtures.

The electrolysis section is equipped by SDM-200&lextrolysers and vertical decomposition reactors.
Overall, 96 electrolysers are installed with cutdead of 200 kA. In 1997, 34 electrolysers undarent
load of 140 kA were operational, while in 2002, é8ctrolysers were operational with current lo&d o
160 kA,

Sodium chloride solution for the electrolysis igpared by adding clean salt to the exhausted anolit
solution with subsequent 2-stage filtering. Chleriand caustic soda are produced from underground
sodium chloride brine, after pre-purification andygoration of water.

Some parts of equipment of the anolite cycle ardarad carbon steel, with acid/alkali resistant o,
while some pipelines are covered by rubber. Casroprotection of the anolite cycle equipment isrmpoo

%0 Assessment of Mercury Releases to the Environfnemt the Territory of the Russian Federation. Prsiifor
the Arctic Council. The Federal Environmental, Tiealogy and Nuclear Supervision Service, the DaRBIA,
2005.

34



as a result, it is impossible to ensure the necgsgality of the return anolite solution withouwmplete
removal of dissolved chlorine by sulphide treatm@ifite latter treatment causes mercury losses irebri
sludge (as mercury sulphide) and adversely affelgstrolysers, resulting in high mechanical losses
mercury vapour with ventilation exhaust.

Sludge from electrolysers and other mercury-coingisludge are used for thermal recovery of mercury

In 1998 - 2002, some measures were implementeddioce mercury losses, however, these measures
were not of systemic nature and failed to impriheesituation.

Estimates of mercury losses in 1997 and 2002 arersielow.
Mercury lossesin anolitefiltration sludge

Brine filtration sludge, containing mercury sulpdjdis channelled to a specially equipped sludge
collector pond, as well as other sulphide sludgeshfwastewater treatment installations. Volumehef t
collector: 223 thousand harea: 4.3 hectares, height: 9 m). Bottom of thredpin covered by PE lining,
fixed by sand and gravel.

Mercury losses with anolite filtration sludge:
10,360 kg in 1997,
22,908 kg in 2002.

Mercury losses with wastewater

The overall amount of mercury-containing wastewetached:
78,989 min 1997,
12,7690 min 2002.

Mercury levels in untreated wastewater varied frbfnto 20 mg/drh The wastewater was treated by
mercury sulphide sedimentation with further wateraporation. Treated wastewater with NacCl
concentrations close to its levels in exhausteditanavas returned to the anolite cycle, while thater
condensate underwent adsorption (activated charceatment for removal of residual mercury.

Treated wastewater is returned to the producti@egss (for washing of equipment and preparation of
technological solutions). Excessive treated cosas are discharged to the storm sewer and -
eventually - to Oka river.

Sulphide sludge from wastewater treatment operatisnburied with sludges from brine treatment
operations.

Mercury levels in treated wastewater that was disgéd to surface water bodies reached 0.016 nig/dm
in 1997 and 0.0003 mg/dnin 2002. Volumes of the condensate that was digeldato surface water
bodies were not registered. Measured mercury levéhe control cross-section of Oka river reached
0.00001 mg/drh

Mercury losses with treated wastewater flows carbetestimated, but accounting for the production
technology applied and the treatment levels, sosbds may be assumed to be minimal. There are no
direct measurements of mercury losses at the sthgelphide treatment, however the latter losses ar
likely accounted for as losses with sulphide sludigine brine treatment stage.

Mercury losseswith ventilation exhaust

The building where electrolysers are installecegaipped by a plenum ventilation system with redeafs
exhaust air through 22 m high aeration lanterns.imtakes reached 2.48 million®tour in 1997 and
0.68 million ni/hour in 2002.
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Average mercury levels in the indoor air variedha following ranges:
from 0.027 to 0.033 mg/hin 1997,
from 0.042 to 0.046 mg/fhin 2002.

Mercury losses with ventilation exhaust reached:
652 kg in 1997,
238 kg in 2002.

Mercury losses with hydrogen

The facility vents the bulk (~99%) of hydrogeménerates to the air (through 22 m high stack. réist

is used for production of hydrogen chloride. Hydmgindergoes sorption treatment with application of
HPR-3P activated charcoal.

Mercury In%vels in purified hydrogen reached 0.048m{ in 1997 and 0.0024 mg/ngat standard limit of
0.01 mg/mi.

Overall mercury losses with hydrogen reached:
0.788 kg in 1997,
0.083 kg in 2002.

Mercury losseswith chlorine
According to the facility, these losses are pratiiycnon-existent.

Mercury losses with off-gases

Off-gases undergo sorption treatment at HPR-3Rvatetl charcoal to remove mercury and chlorine.
After the sorption treatment, mercury levels in-géises vary from 0.003 to 0.0049 md/fat standard
limit of 0.01 mg/r).

Mercury losses with off-gases reached:
0.181 kg in 1997,
0.032 kg in 2002.

Mercury losses with caustic soda

There are no available data on these losses. Howas@unting for the fact that the system of difiton
of caustic soda solutions at "Sayanskhimplast" faeility is similar to filtration systems of other
facilities, the losses might be estimated at theelud annual production data.

Estimated mercury losses reached:
~0.08 kg in 1997,
~ 0.16 kg in 2002.

Mechanical mercury losses

Mercury purchased to fill electrolysers:
24,391 kg in 1997,

70,833.5 kg in 2002.

Mechanical losses of mercury, estimated as therdiffce between purchased amounts and registered
losses, reached:

13,377 kg in 1997,

47,687 kg in 2002.

According to the facility data, after more than P€ars of its operations, about 800 - 1000 tons of
mechanically lost mercury are accumulated in posmils and constructions under the electrolysigpsho
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Mercury in production

The facility's electrolysers contain 171 tons ofrcoey. There are not other mercury reserves at the
facility's site. Mercury losses, including air esigns, mercury in sludge and mechanical mercursel®s

under the electrolysis shop, are shown in Table 3.1

Table 3.10
Year 1997 2002
Caustic soda production (tons) 51800 121500
Mercury losses absolute (t)| specific absolute (t)| specific
(kg/t (kg/t
NaOH) NaOH)
- emissions with ventilation exhaust and off-gases 0.653 1.26 18 0.238 1.96 18
- waste burial (brine and wastewater treatmentgayd | 10.360 0.20 22.908 0.189
- released in products 0.031 5.98'10 | 0.080 6.6 10
- mechanical losses in soils 13.377 0.258 47.687| 392.
- discharges to water bodies no data available an® alvailable
TOTAL 24.421 | 0.471 70.913 | 0.583
Chapter 4

Cement production

Extremely high depreciation of production equipmisnd generally recognised "disease" of the Russian
cement industry. As a result, at official produnticapacity of 50 operational Russian cement plahts
69.2 million tons, independent assessments sugiggishow Russian plants can produce maximum 62.3
million tons of cement annually.

Another - equally serious - problem of the indussnassociated with its high energy intensity. énemt
years, growth rates in the cement sector were higen in other basic industries. In 2002 - 2005,
average growth rates in the cement industry reatB8m3%, comparatively to 105.2% in manufacturing
and 104.7% in production of construction materials.

The cement industry grows more intensively thaweroindustry, oil and gas, coal mining, chemical
industry and metallurgy. These growth rates cleddsnonstrate high economic capacity of the sedtor a
the base of stable and growing dentand

Main environmental impacts of cement productionaamsociated with the following factots
« Dust (stack emissions and volatile compounds);
* Gaseous emissions (NGB0, CO,, VOCs, etc.);
e Other releases (noise, vibrations, smell, techncébgvater, production waste, etc.)
e Consumption of resources (energy, raw materials).

Gaseous emissions of cement kilns amount to thekelyonmental problem of cement production. Main
gaseous pollutants include N@nd SQ. In addition, cement kilns release VOCs (volatlganic
compounds), CO, ammonia, HCI, and heavy metalljdivegy mercury.

°1 Assessment of Mercury Releases to the Environifnemt the Territory of the Russian Federation. Prsdlifor
the Arctic Council. The Federal Environmental, Tiealogy and Nuclear Supervision Service, the DaRBA,
2005.

52 http://www.beton.ru/library/2650/elem 225289/

53 http://www.kcement.ru/ecology.html

37




Cement production technologies in Russia

Now, several different types of cement kilns arediswith preheating and preroasting (PHP), with
preheating (PH), with long drying (LD), with apm@iton of dry, semi-wet and wet production
technologies. In terms of environmental performaitéP cement kilns are generally preferable

In Russia, energy intensive wet production techgwlprevails (about 85% of the overall cement
production). The share of fuel and energy costthénoverall production and sales costs reache® up t
41%. Wet process cement kilns represent the oltb$tnology of vertical cement kilns, they are
characterised by highest heat demand and lowegtiption capacity.

Raw materials for cement production include carlbemand clay minerals. Mercury levels in these tinpu
minerals are stabi® - 0.031 mg/kg (131 samples) for Russian platfoarbonates (age D2-K2), 0.035
mg/kg for clay minerals (58 samples), - 0.039 mgig samples) for sand and siltstone. A specialised
research study of limestone open cast mines witiénRussian platform (age D3-K2) suggests that the
average mercury level for 19 merged samples froftv 3adividual samples reaches 0.037 mifkie.
under the Earth crust abundance of the elemerf (@dikg)>®.

In the course of cement and lime production, mgregcapes from heated carbonates and clay minerals.
Mercury evaporates and escapes with flue gaseserxgntal studi€§ suggest that in the course of
steady heating of carbonates and clay minerals fromm temperature to 800°almost all mercury
releases at temperatures of about 80@ement production processes include heatingwimaerals to

high temperatures in the roasting zone: 1450°the solid charge and 20@ gases.

As a result, we may assume that almost all menaieases with flue gases.

It is necessary to note, that in the course of cdérpeoduction, corrective additives are used tausns
required chemical composition of cement (usuallglearn0.09 ton per 1 ton of cement clinker). Such
additives include gypsum, iron ore, bauxite, quasdnd, tuff, diatomite, nepheline with fairly low
mercury contenf§, fuel ash and pyrite cinder. According to reseaesult§', mercury levels in pyrite
cinder used for cement production in Byelorussiad Bovosibirsk cement plants, are higher and reach
0.116 - 0.121 mg/kg and 0.19 - 4.0 mg/kg, respebtiv

Such results allow us to assume that pyrite ciadéitives might substantially increase mercuryasés
with particulate and gaseous emissions. Small atsoofnmercury may come to the roasting zone with
fuel and then escape with flue gases. Kilns areggded as an inclined cylinder, solid charge is kzhtb

% http://www.docstoc.com/docs/13830406/%D1%80%D1%83%B1%D1%81%D0%BA%D0%B8%D0%B9-
(Russian)-Cement-and-Lime-Manufacturing

> http://www.docstoc.com/docs/13830406/%D1%80%D1%83%B1%D1%81%D0%BA%D0%B8%D0%B9-
(Russian)-Cement-and-Lime-Manufacturing

°% Assessment of Mercury Releases to the Environifnemt the Territory of the Russian Federation. Prsdlifor
the Arctic Council. The Federal Environmental, Tiealogy and Nuclear Supervision Service, the DaRBHA,
2005.

" Kler V.R., Nenakhova V.F., Saprykin F.Ya. et al Metalogenia and Geochemistry of Coal-bearing aralesh
bearing Rocks in the USSR. Elements' Concentr&adterns and Methods of their Study. - M.: Naulég8l - 256
p. (Rus.)

*8Assessment of Mercury Releases to the Environment the Territory of the Russian Federation. Predufor
the Arctic Council. The Federal Environmental, Tiealogy and Nuclear Supervision Service, the DaRBIA,
2005.

%% Fursov V.Z. Mercury as Indicator Element for Geochemical Exglion of Ore Deposits. - M.: Nedra, 1977
(Rus.).

®0 Saukov A.A., Aidinyan N.H., Ozerova N.A. Geochemistry of Mercury. - M., Nauka, 19T2erova N.A. Mercury
and Endogenic Ore Formation. - M.: Nauka, 198&2 R. (Rus.)

61 Kakareka SV.,Kukharchik T.I., Khomich V.S, Yanin E.P. State and Problems of Inventorying Mercury Emission
/I Environmental and Geochemical Problems of MercuM.: IMGRE 2000, p. 12-37 (Rus.);
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the upper end of the kiln - countercurrently toalof hot gases, generated by burning fuel in theeto
part of the kiln.

Wet and dry cement production processes differ bistare content of the kiln charge (32 - 45% add 1
2%, respectively). As it was already noted, wetcpss requires a higher fuel input (gas or coal) for
clinker production - as a result, a higher amouhtm@rcury may enter a cement kiln with fuel,
comparatively to dry process. Anyway, use of cod@lssantially increases mercury input (and subsequen
mercury emissions), comparatively to gas (see TAUIE.

Table 4.1

Indicators Cement production
Wet process Dry process

Fuel consumption per 1 ton of clinker:

- gas 200 n? 110 ni

- coal 300 kg 170 kg

Average mercury level in flue gases * 2.4 10° g/n?

Average mercury content in coal (background) ** 450ng/g

Mercury releases from fuel in the course of cenpentuction in

2001 (35271 thousand tons):

- gas-fired 16.9 kg 9 kg

- coal-fired 476 kg 260 kg

Table 4.2. shows relevant figures for cement plamd assessments of mercury releases. Mercury
emissions were assessed at the base of its averegde in raw materials (0.035 mg/kg) and amouwrfts
raw materials consumed (1.6 tons per 1 ton of c€men2001, 35 million tons of cement were prodiice

in Russia’

Table 4.2

Mercury releases in the course of cement produetidghe following Russian cement plants:

Federal districts| Shares of cementMercury release estimatesKey cement producers
constituents of the Russiarproduction (%) (tonslyear)
Federation
Moskovskaya oblast 6.49 0.128 "Voskresentstsement",
Voskresenk;
"Schurovskiy  Tsement"
Kolomna
Volgogradskaya oblast 6.02 0.119 "Sebryakovtsement"
Mikhailovka
Chelyabinskaya oblast 3.79 0.075 "Uraltsement" kitar
Irkutskaya oblast 1.2 0.024 Angarskiy Cement Plant
Magadanskaya oblast 0.04 0.001 "Kolymatsement" , Co.
Magadan

In 2001, the overall mercury emissions with fluesgm and particulate matter in cement production
reached almost 2 tons (or 2.8 tons if volcanic malsewere added). Estimates suggest overall mercury

52 Assessment of Mercury Releases to the Environifnemt the Territory of the Russian Federation. Posdbifor
the Arctic Council. The Federal Environmental, Tiealogy and Nuclear Supervision Service, the DaRBHA,
2005.

83 Assessment of Mercury Releases to the Environfnemt the Territory of the Russian Federation. Prsiifor
the Arctic Council. The Federal Environmental, Tiealogy and Nuclear Supervision Service, the DaRBIA,
2005.
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releases to the environment at the level of 2.08-t@dns (including 1.3 - 2.1 tons from inorganic
production inputsy.

Emission control systems of cement plants

Main sources of dust releases in cement produatidode cement kilns and mills, cement kilns re¢eas
up to 85% of all dust emissions of cement pf&ntBarticulate emissions of cement kilns are usually
polydisperse with high shares of fine particulafless than 10 um) - as a result, these particulates
efficiently adsorb many heavy metals, including coey.

If emission control systems are installed, filtaow to intercept substantial amounts of mercury.
Russian cement plants use cyclone filters, bagrdiland electrostatic filters with dust removaloghcy

of 80 - 99%; in the majority of cases, utilisati@etors of electrostatic filters at cement kilngw&om

80 to 84%°.

Electrostatic filters are most often used for desbhoval from flue gases of rotating cement kilrizo(a
74% of all emission control installations), howevenly a third of installed filters are highly efient.
Gaseous and particulate emissions of cement kibméam up to 90 - 95% of mercury inputs to the
production process.

Application of activated charcoal for removal okidual traces of mercury, VOCs (volatile organic
compounds) and PCDD/PCDF in cement production iislishited to experimental research studies,
mainly due to variable composition of flue gases

There are no available data on actual efficienaynefcury capture by filters that are applied in $tausln
contrast to other heavy metals, mercury is onlyigiyr removed by filters. Generally, it is rathdifficult

to assess efficiency of different methods of cdnéfoparticulate matter emissions applied by cement
plants. Only some scattered data on mercury balancement kilns are availaife In addition to other
factors, mercury capture efficiency of the filtetepends on mercury forms and temperature. It seems
appropriate to use information for coal-fired TH®spreliminary assessments.

Efficiency of adsorption of mercury from flue gas#spends on types of mercury compounds present
(bivalent mercury compounds are adsorbed moreyethsih elementary mercury - Bg. Cement kilns,
fired by bituminous coal or lignite, usually demtrage relatively low H§ to Hd ratios in exhaust gases
of pollution control equipment, comparatively toatfired ones. As a result, average efficiency of
mercury removal by electrostatic filters or bagefit in the former case would be lower. Averageesha

8 Assessment of Mercury Releases to the Environifnemt the Territory of the Russian Federation. Prsdlifor
the Arctic Council. The Federal Environmental, Tiealogy and Nuclear Supervision Service, the DaRBA,
2005.

8 VarumyYal., Izyumskaya L.A. Efficiency of Kiln Electrostatic Filters // Tsemenit990, # 4, p. 5-6Kolbasov
V.M., Leonov I.I., Sultmenko L.M. Technology of Binding Materials. M., Stroyizdat,8[® (Rus.)

% Chelnokov A.A., Plyshevskiy SV. Concerting Possibility for Application of the Gulite Manual for Emissions
Inventory for Assessment of Emissions of ConstaurciMaterials Industry // Problems of InventoryingliBtants
Emissions. Proceedings of the International Symposin Inventories of Pollutants Emissions and Aqation of
EMER/CORINAIR Guideline Manual. Minsk-Raubichi, Belis, 1997. Minsk: The R&D Institute of Environment
and Natural Resource Use of the National Acad. @delarus, 1998, p. 91 - 10Zhelnokov A.A., Plyshevskiy
SV. Concerning Emissions of Heavy Metals in Cement Betdn // Cement and Its Application, 2000, # 64 p-
45. (Rus.)

®7 http://www.docstoc.com/docs/13830406/%D1%80%D1%83%B1%D1%81%D0%BA%D0%B8%D0%B9-
(Russian)-Cement-and-Lime-Manufacturing

®8 Johansen, V.C., Hawkins, G.J. Mercury speciation in cement Kilns: A literatureieav //R&D Serial, 2003Ne
2567, Portland Cement Association, Skokie, USA.

59 Us EPA. 2001. Kilgroe J.D., Sedman, C. B., SriaatR.K., Ryan J.V., Lee C.W., Thorneloe, S.A. Calnf
mercury emissions from coal- fired electric utiliigilers: Interim Report. U.S. Environmental Prdimt Agency
Office of Research and Development.
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of mercury capture at cold parts of electrostatiers reach only 3%, while hot parts of electrista
filters and bag filters capture 6% and 72% of mercrespectively.

There are no available data on mercury contentum gases of cement kilns. Accounting for low
efficiency of electrostatic filters (due to highasas of H§ in gases and only a third of efficient
equipment installed), we may assume that mercapjure efficiency cannot exceed 10 - 30%. If we
assume that 80% of mercury inputs to the cemendyat@dn escape to the atmosphere, the overall
estimated mercury emissions of cement kilns reaghahs/year (or 0.045 g/ton of cement production).

According to research ddfaaverage mercury levels in marketable cement réa#8 mg/kg. To a some
extent, mercury levels in cement depend on mercomntents in materials that are added to cement
clinker after the thermal process.

Further improvement of environmental quality at teeitory of Russia in locations of cement plants
primarily depends on modernisation and upgradeaofiqulate emission control equipment to capture
heavy metals, especially mercury. The InternatioAssociation of Cement Producers, jointly with
"Concern Cement" Co., developed a program for agmént of Russian cement industry for 2001 -
2005. The program particularly focused on recowsivn of electrostatic filters for reduction of

emissions of particulate matter to the level ofl@aple MACs.

Main cement producers in Russia:

It is necessary to note that none of the below fdities monitors mercury emissions.

Moskovskaya oblast:
"Voskresensktsement" - a subsidiary of Lafarge Cemet Co.

Address: 140200, Russia, Moskovskaya oblast, Veskigk, 3 Giganta St.
phone: +7(49644)44-007
Director General: Lvov Yuriy Nikolayevich.

Production capacity: 1 million tons/year.

In 2001, the annual production reached 1.3 miltars of cement.
Production technology: wet process. Wet procesailsrihe highest fuel consumption, as a resulthdrig
amounts of mercury enter the production proceds fuil (comparatively to dry process).

Fuel: gas.
Raw materials used: limestone and marl.

Corrective additives added: cinder, conversion,stafjve mineral additives (slag, diatomite, costh)a
Use of pyrite cinder substantially increase merdemels in gaseous and particulate emissions of the
plant.

" Emissions of Heavy Metals: Assessments of Spelkificators. Minsk: The R&D Institute of Environnteand
Natural Resource Use of the National Acad. ScBelfirus, 1998. 156 pPlyshevskiy SV., Chelnokov A.A.
Emissions of Heavy Metals in Cement Productiomfl Bhternational Meeting on Cement Chemistry and
Technology, Moscow, 2000: Poster Presentation. M.3RTHU, 2000, p. 262-265Chelnokov A.A., Plyshevskiy
SV. Concerting Possibility for Application of the Gulaolee Manual for Emissions Inventory for Assessmant
Emissions of Construction Materials Industry //{teons of Inventorying Pollutants Emissions. Prooegslof the
International Symposium on Inventories of PollusaBmissions and Application of EMER/CORINAIR Guide
Manual. Minsk-Raubichi, Belarus, 1997. Minsk: Th&RInstitute of Environment and Natural Resource= d$
the National Acad. Sci. of Belarus, 1998, p. 902.1
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"Voskresensktsement" Co. supplies its products ustaeners of Moscow and Moskovskaya oblast,
including Moscow construction contractors.

Products of "Voskresenskisement” Co.:
* Portland cement 400
* Portland cement 500
e High early strength portland cement M 400
e High early strength portland cement M 500
¢ Portland cement PTs 400-DO0 (additives-free)
* Portland cement PTs 400-D5
* Portland cement PTs 400-D20
e Slag portland cement ShPTs 400
« High early strength portland cement PTs 400-D20-B
e High early strength portland cement PTs 500-D20-B
« Portland cement for production of asbestos-condtetes PtsA

Podolskiy cement plant

Address: 142101, Moskovskaya oblast, Podolsk, &5téteevskaya St.
phone: (4967) 63-88-48

http://www.cement.podolsk.ru/

Director General: Burlov Yuriy Aleksandrovich

Production capacity: 0.33 million tons/year.

Production technology: wet process. Wet procesailerihe highest fuel consumption, as a resultadrig
amounts of mercury enter the production proceds fui¢l (comparatively to dry process).

Fuel: gas.

Products of "Podolskiy cement plant” Co.:
» Portland cement 400-D20
* Portland cement 500-D5
* Special purpose cement (sulphate-resistant)
e Special purpose cement (self-stressing)
e Special purpose cement (for oil wells)
* Alumina cement VGTs
*  White and coloured cement
¢ Sand concrete M300
* Dry mix for self-levelling underlayment
¢ Cement, lime and sand dry mix
*  Water-proof cement M600
* Heat-resistant mix
e Tiling mix
* Plastering mix M100
e Masonry mix M150
e Universal dry mix M150 and M200
* Polymer filler
e Cement filler for finishing works
e Cement filler for repair works
« Dry plastering mix for foam concrete, expanded cetec
* Adhesive cement for installation of foam/expandedatete blocks
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* Foam concrete blocks (Podolsk wall blocks)

Schurovskiy cement plant
Address: 140414, Moskovskaya oblast, Kolomna, Iriesgnikov St.
Production capacity: 2.1 million tons.

Production technology: wet process. Wet procesailerihe highest fuel consumption, as a resultadrig
amounts of mercury enter the production proceds fuil (comparatively to dry process).

Fuel: gas.

Main production inputs: ash, kaolin (for white cerheroduction), limestone, clay. Limestone is
delivered from "Priokskiy" open cast mine. Correetadditives: sand for production of white cemert a
cinder. Necessary active mineral additives: slag.

Types of cement produced:
« White additives-free portland cement BPTs 400-DO;
- Additives-free portland cement PTs 400-DO;
« High early strength portland cement with mineraliides PTs 400-D20-B;
« Portland cement with mineral additives PTs 400-D20.

"Sebryakovtsement” Co.

Address: 403342, Volgogradskaya oblast, Mikhailg\&kindustrialnaya St.
phone: (84463) 2-94-93

fax: (84463) 2-98-60

Director General: Rogachev Sergey Petrovich

Production capacity: 2.4 million tons/year.

Production technology: wet process. Wet procesailsrihe highest fuel consumption, as a resulthdrig
amounts of mercury enter the production proceds fuiél (comparatively to dry process).

Fuel: gas.

Main production inputs: clay and limestone. Necessarrective additives: cinder. Use of pyrite aénd
substantially increase mercury levels in gaseodspanticulate emissions of the plant. Slag is wedn
active mineral additive.

The company produces about 5.6% of Russian cenhen2004, due to transition to market-based
management the annual production increased inifBestand reached 2538 thousand tons, or by 11.8%
(268 thousand tons) higher that in the previous.yea

Sebryakovskiy cement plant operates 7 cement khias use wet cement production process. The
decision to construct a new production line witiplagation of semi-dry production process was rather
appropriate as the plant was able to use the airepéerational production equipment for processifig o
raw materials. Design capacity of kiln # 8: 2306s@f cement clinker/day at fuel consumption of 00
kcal/kg of clinker (or 143 kg s.c./ton of cemerinker').

™ hitp:/lwww.sebcement.ru/zav/zc/
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Products of "Sebryakovskiy cement plant” Co.:
e Additives-free portland cement PTs 500-D0
« Additives-free portland cement PTs 600-D0
« Plasticised portland cement with mineral additivds 500-D20-PL
* Portland cement for production of asbestos-cenents PTSA
* Sulphate-resistant additives-free portland cem&RTS 400-DO0
e Sulphate-resistant portland cement SSPTs 500
» Slag portland cement ShPTs 300
* Portland cement clinker
¢ Dry mixes.

"Uraltsement” subsidiary of "Lafarge" Co.

Address: Chelyabinskaya oblast, Korkino, Pervonigiskvnship
phone: +7(35152)56-636
Director General: Gusev Vladislav Anatolievich

Production capacity: 2.3 million tons/year.

Production technology: wet process. Wet procesailerihe highest fuel consumption, as a resultadrig
amounts of mercury enter the production proceds fuiél (comparatively to dry process).

Fuel: gas;
Main production inputs: limestone ("Sheinskoye" @)irclay ("Sheinskoye" mine);

Corrective additives: cinder, bauxite; use of myrdinder substantially increases mercury levels in
gaseous and patrticulate emissions of the plant.

Active mineral additives: slag.

Products: 3 types of cement for construction apfibos according to GOST 10178-85, oil well cement
according to GOST 1581-96, cement for productioastfestos-cement items according to TU 21-26-18-
91, sulphate resistant cement according to GOST&22.

Chelyabinskiy cement plant

Address: 454047, Russia, Chelyabinsk, NE industoak of Metallurgicheskiy district.
phone: (351) 278-65-71, 278-82-23,
fax: (351) 725-41-39, 725-36-08

Production technology: wet process. Wet procesailerihe highest fuel consumption, as a resulthdrig
amounts of mercury enter the production proceds fui¢l (comparatively to dry process).

"Chelyabinskiy cement plant" Co. (also known as 8ka Craft" Co. is the only Russian producer of
famous Master Craft cement brand (high quality aetmery mixes for construction applications etc.).
The company uses a German technology.

Products of "Chelyabinskiy cement plant” Co.:
« Dry mixes for construction applications;
¢ Cement, lime and sand plastering mix M100;
* Cement, slag portland cement ShPTs-400;
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* Cement clinker;
¢ Alumina cement VGTs-2;
¢ Priming mixtures.

Magadanskiy cement plant of "Kolymatsement" Co.

Address: 685000, Magadan,12-A Yuzhnaya St.
phone: +7(4132)606-157
Director General: Snyatkova Raisa Grigorievna

Production capacity: 0.15 million ton/year

Production technology: milling

Fuel: coal.

Use of coal fuel results in higher mercury inputhafuel and in higher mercury emissions comparétive
to gas fuel.

The plant produces portland cement from cemenketifa semi-product) by grinding in a ball mill tvit
production capacity of 20 tons/hour. Clinker ipplied by Spasskiy cement plant. Average annual
production of the plant: 25,000 tons.

Spasskiy cement plant - "Spassktsement" Co.

Address: Russia, 692210, Primorskiy krai, Spasdkipa2 Tsementnaya St.
phone: +7(42352)3-27-37
web: http://www.parkgroup.ru

Production capacity: 3.4 million tons

Production technology: dry process

Fuel: coal and fuel oil. Use of coal fuel resultshigher mercury input with fuel and higher mercury
emissions comparatively to gas fuel.

Limestone for the cement production is mined ne#hnbyplant site.

Spasskiy cement plant belongs to key pollution sesirof the city. The plant generates substantial
emissions of particulate matter, clay, coal, cemasbestos, sulphur dioxide, carbon oxides, nitroge
oxides and other pollutants.

Pollutants emissions and discharges of Spasskigeepiant are shown in Table £3

Table 4.3

Pollutants emissions and discharges of Spasskigcepiant.

Industrial facilities Pollutants releases fromfaled | Pollutants emissions and discharges | to
sources (tons/year) surface water bodies (thousand tons/year
Spasskiy cement plant Total Solids Gaseous and
liquid
320.204 21.829 15.08 6.74

2 www.ebiblioteka.lt/resursai/Uzsienio%z20leidiniai#Vil/2005/036.pdf
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Angarskiy cement plant

Address: Irkutskaya oblast, Angarsk,
e-mail: info@sibcem.ru:
web: www.sibcem.ru/

Installed capacity: 2.1 million tons
Production technology: wet process

The plan uses dense limestone as a carbonate centpamd ash of the local thermoelectric plant as a
clay component. The open cast mine is locatedeatistance of 7 km from the plant, raw materiaks ar
delivered by trucks.

Pyrite cinder is used as a corrective additive. asition of the kiln charge:
* limestone: 81 - 82 %
e ash:17-175%
e cinder: 0.5 %

Products:
 PTs 400-DO
e PTs 500-DO
« PTs 400-D20
* PTs 400-D5
e PTs 500-D5

Filters installed at the plant have pollutants aeptate of 6 mg/sec and meet emission limits. Hewe
the filters are 25 years dft

Chapter 5

Non-ferrous metallurgy

Naturally occurring mercury impurities in ores obmferrous metals may become environmentally
mobile in the course of mineral extraction worksl anercury may be also released in the course ef ore
processing and other technological processes.00i,2n Russia, in terms of potential mercury redsa

to the environment, the most substantial sour@se @ssociated with production of primary zinc,psp
and nickel, production of other non-ferrous metabvt - 2 orders of magnitude lower (see Table'5.1)

Table 5.1
Key Russian producers of non-ferrous metals
Metal thousand | Main producers (percentage shares)
tons
Electrolytic copper 840 "GMK Norilskiy Nickel" Cd> 54%)
High grade zinc 250.6 "Chelyabinskiy zinc plant".Ce 62%)
Primary nickel 250 "GMK Norilskiy Nickel" Co. (> 89)
High grade lead 34 "Dalpolimetall Lead Plant" C&lektrotsink" Co.
Cobalt 6.5 "GMK Norilskiy Nickel" Co. (70%), "Ufaieikel" Co.

'3 http://www.sibcem.ru/template.html?/moduls/fullpieiphp?id=293&tbl=sc_press

4 Assessment of Mercury Releases to the Environfnemt the Territory of the Russian Federation. Prsiifor
the Arctic Council. The Federal Environmental, Tiealogy and Nuclear Supervision Service, the DaRBIA,
2005.
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High grade tin 4.5 "Novosibirskiy Tin Plant" Co.00%)

Antimony 1.5 "Ryaztsvetmed" Co. (100%)

* Production of bismuth, molybdenum and other naetal reached a few tens (most often) or a few redsl(less
often) tons/year.

There are numerous ore deposits that contain meroinerals (e.g. copper and silver ores), complex
mercury minerals (platinum deposits) or contaieesaof mercury (copper pyrite, copper and nickekpr
complex ores, etc.). Highest mercury contents ameally observed in copper and zinc ores, while
lowest Hg levels are observed in iron pyrite osee(Table 5.2).

Table 5.2°

Mercury levels in ores and minerals of lead, zind eopper ore deposits (g/t)

Types of industrial Ores Sphalerite Galenite Copper Pyrite Fahlore
deposits pyrite
Complex  pyrite  ores 0.1-20 0.2-26.1 0.01-16 04-34 0.2-10| acés -
deposits (Altai) 300
Stratiform lead and zin¢ 0.9 - 406 23 - 7600 0.6 - 530 1-240 2-50 upeo
ores deposits (Atasui)
Lead and zinc ores vein?* 0.4 - 1000 0.075- 25 ?* 0.1-100 80 - 800
deposits
Copper pyrite deposits 0.6 - 900 70 - 250 (|ur * > up to 3%
to 05 -
1.5%)

According to generalised assessméntoverall potential mercury resources in main itdals
concentrates of lead and zinc and copper oresistrébdted as follows: zinc concentrates - 42% jtpyr
concentrates - 26%, copper concentrate - 19% aatl dencentrate - 13%. Zinc (lead and zinc) and
copper plants of the country annually receive mathubstantially amounts of mercury with concensate
of main ores (65% with zinc concentrates, 20% wiapper concentrates and high grade ores, 15% with
lead concentrates).

On-site dumps of ore-dressing facilities contaibsantial amounts of production waste with varying
mercury contents. In the course of destruction ggses in tailings under external impacts, mercuay m
potentially migrate to the environment. In additiomercury may escape to the environment directly in
the course of mining works. In particular, merclgyels in mine water of Sibaiskiy and Oktyabrskiy
deposits reached 20 and 13 pg/l, respecti¥elyhile mercury levels in mine water of Buribaiskipen
cast mine - that is used for closed circuit watgapdy of the mining facility and periodically disatged

to Tanalyk river - were found to reach 28.3 {fg(lmany times over typical background Hg levels in
natural water sources. Pollutants may also infétta surface water courses through dams with washo

S Assessment of Mercury Releases to the Environfnemt the Territory of the Russian Federation. Prsiifor
the Arctic Council. The Federal Environmental, Tiealogy and Nuclear Supervision Service, the DaRBIA,
2005.

¢ Bobrova L.V., Kondrashova O.V., Fedorchuk N.V. Economy of Geological Survey for Mercury, Antimoaryd
Bismuth. M.: Nedra, 1990. 156 p. (Rus.).

" Bobrova L.V., Kondrashova O.V., Fedorchuk N.V. Economy of Geological Survey for Mercury, Antimoaryd
Bismuth. M.: Nedra, 1990. 156 p. (Rus.).

8 Mustafin SK., Minigazimov N.S, Zainullin H.N. et al. Mercury Security Problems of the Southern Urals //
Environmental Problems of Urals Industrial Zonesl. - Magnitogorsk: MGMA, 1998, p. 148-154. (Rus.

79 Zainullin H.N., Galimova E.J. Assessment of Impacts of Waste and Wastewater ih&evskiy Mining
Directorate on Tanalyk River Pollution // Environmtgl Problems of Urals Industrial Zones. v. 1.agvitogorsk:
MGMA, 1998, p. 137-142. (Rus.)
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flows from tailing ponds. In warm seasons meraugy also evaporate from tailings of mining and ore-
dressing facilitie¥.

Zinc production

Chelyabinskiy zinc plant (ChTsZz)

Address: 454008, Chelyabinsk, 24 Sverdlovskiy trakt

phone (351) 799-00-09

fax: (351) 799-00-65

Director General: Aleksandr Zatonskiy

The plant belongs to major mercury emission sources

Chelyabinskiy zinc plant ("ChTsz" Co.) is a vertlgaintegrated company, managing the full cycle of
zinc production: from extraction and clarificatiasf zinc ores to production of high grade metatznd
zinc alloys. The company controls more than 60%udsian zinc production and about 2% of the global
production.

Installed capacity of the plant allows to produpga 200 thousand tons of zinc annually.

The company receives zinc ores from "Akzhal" lead ainc ore deposit in Kazakhstan and Amurskiy
zinc ore deposit in Dredinskiy district of Chelyaskaya oblast:

Table 5.3

Zinc productionthousand tons:

Industrial Location 1999 2000 2001 2002
facility

Chelyabinskiy | Chelyabinsk 138.3 145.7 155.5 165.8
zinc plant

In 2008, the company processed 1,330.5 thousasbfadifferent ores.

In addition to metal zinc, the plant produces znd aluminium alloys, zinc alloys in ingots, cadmiju
metal indium, zinc sulphate (technical grade), zime and sulphuric acid (technical grade). In&00
the plant increased zinc production up to 166 thodstons (by 0.6%) comparatively to 165 thousand
tons in 2007. 51.5% of marketable zinc were solthenRussian market.

In 2001, Chelyabinskiy zinc plant predominantly ggssed zinc ores from mineral deposits of the Urals
region, that produce more than 75% of Russian eamcentrates. Zinc concentrates from Uchalinskiy,
Gaiskiy and Sibaiskiy ore-dressing plants and Biskiy copper and sulphur plant cover about 95% of
the plant's demand in raw materials. In 2001, Unkkly ore-dressing plant supplied up to a halatf
zinc ore concentrate to ChTsZ. In recent years yalbihskiy zinc plant also imported up to 20 thowkan
tons of zinc concentrate with zinc contents of B®%. In 2001, the plant processed about 330 timousa
tons of zinc concentrates.

80 Assessment of Mercury Releases to the Environifnemt the Territory of the Russian Federation. Poedbifor
the Arctic Council. The Federal Environmental, Tiealogy and Nuclear Supervision Service, the DaRBA,
2005.

81 Assessment of Mercury Releases to the Environfnemt the Territory of the Russian Federation. Prsiifor
the Arctic Council. The Federal Environmental, Tiealogy and Nuclear Supervision Service, the DaRBIA,
2005.
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In 2008, a daughter company of "ChTsZ" - "Nova-Ziftbe company-operator of Akzhal lead and zinc
deposit in Kazakhstan) processed 1330.5 thousarsdafoores or by 3.8% more that in the preciows ye
(1281.8 thousand tons). Average zinc contents éndie reached 2.67% (comparatively to 2.54% in
2007), while lead levels reached 0.54% (comparigtitee 0.46% in 2007). In 2008, the latter company
produced 32,348 tons of zinc in concentrates (drdwt7.8% comparatively to 30 thousand tons in 2007
and 5,747 tons of lead in concentrates (growth(® 2omparatively to 4,785 tons in 2007).

According to data of April 29, 209 in 2009, Chelyabinskiy zinc plant produced ®1ousand tons
of Special High Grade zinc and alloys or by 20% lesmparatively to 2008 (150 thousand tons).

Zinc sales of "ChTsZ" Co. in 2009 reached 119.8i¢land tons (a decrease by 20% comparatively to
149.9 thousand tons in 2008). The company sold &4%s zinc sales (76.4 thousand tons) at the
Russian market and exported 43.4 thousand ton86%r of its total zinc sales in 2009). In 2008, the

company exported 72.7 thousand tons and sold A@usand tons at the domestic markets.

In 2009, "Nova-Zinc" Co. (the company-operator dézAal lead and zinc ore deposit in Kazakhstan)
produced 34.8 tons of zinc in zinc concentratesaratively to 32.3 thousand tons in 2008). Thék bu
of produced concentrate (84%) was supplied to Giehgkiy zinc plant. Lead production of the
company in lead concentrates reached 4 thousasdri@009.

In 2009, Brock Metal Ltd. (a daughter company ohT8Z" Co. and the leading British producer of zinc
alloys for die casting) sold 22.2 thousand tonkyt3% less than in 2008 (25.5 thousand tons).

Zinc concentrates, especially concentrates of ogssing facilities of the Urals region that process
chalcopyrite ores, have rather high mercury costésge Table 5.4). Published d&tan mercury levels
in zinc concentrates of Uchalinskiy ore-dressiranpkuggest mercury contents from 76 to 123 g/t.

Table 5.4

Composition of zinc concentrates (according toStete R&D Institute of Non-ferrous Metallurgy)

Ore-dressing facilities Zinc (%) Mercury (g/t)
Uchalinskiy 45.5 20
Gaiskiy 49.9 100
Bashkirskiy copper and sulphur plant 44.1 30
Novoshirokinskiy mine 54.0 10
Altaiskiy 34.5 <3
"Dalpolimetal” Co. 49.1 3

Table 5.5

Mercury levels in ore concentrates from pyrite anthplex pyrite deposits (¢ff)

Regions Ore deposits Mercury contents in | Averages (estimates)
concentrates (g/t) (a/t)
Middle Urals Il Internatsionala 4.5 4.5
Lomovskoye, Levikhinskoye 1-2 15
Southern Urals Gaiskoye 10-25 17
Uchalinskoye 10-75 42

82 http://zinc.ru/_pressFiles/271.pdf

8 Kutliakhmetov A.N. Mercury Landscape Pollution by Mining and Ore-dimg4-acilities of Bashkir Trans-Urals
Region: Synopsis of Cand. Sci. (Geography) Thesigkaterinburg, 2002. . 25 p. (Rus.)

84 Ozerova N.A. Mercury and Endogenic Ore Formation. - M.: Naul@gél - 232 p. (Rus.).
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XIX Partcyezda 25-75 50
Sibaevskoye 1.8-75 4.7

Table 5.6

Mercury levels in zinc concentrates of ore-dresspignts of the Urals region - key suppliers of
Chelyabinskiy zinc plant

Ore-dressing plant Mercury levels (g/t)
Gaiskaya 65
Uchalinskaya 53
Sibaiskaya 93
Average 70.3

The above data suggest that zinc concentratesisdpabout 20 tons of mercury to the production
process of Chelyabinskiy zinc plant in 2001.

Zinc concentrate processing technology

Zinc concentrates are processed with applicationaohydrometallurgical process. Initially, zinc
concentrates are roasted to transform sulphidesoixities. Zinc concentrates are roasted in fluitiised
furnaces (at fluidised bed zone temperatures 6f-@b0°C; and temperature of gases in the furnede
zone of 800 - 850°C). Roasted cinder contains 65% of zinc, as well as compounds of copper, lead,
iron, cadmium, arsenic, antimony, cobalt, preciangd rare metals; sulphide sulphur levels are uridér

Fluidised bed furnaces are key sources of gasaaliparticulate emissions of zinc plants. Exhausega
of these furnaces are characterised by high temypesa(up to 950°C), high particulate loads (u3@0
g/m® with prevailing fine particles (2.5 - 4.5 pm).e¥ds of exhaust gases of the roasting processsvarie
from 1.3 to 3.1 thousand*mper 1 ton of zinc concentrate. The scheme ofrireat of the exhaust gases
prior to their utilisation for production of sulptic acid includes cyclone filters (rough purificat) and
dry electrostatic filters (fine purification). Irddition, in the sulphur acid production shop roag@ses
are treated in gas washing towers and wet eleatiodilters®. According to published ddfain mid-
1990s, particulate emissions rates of zinc prodangtiants of CIS countries reached: 57.2 kg penlof
crude zinc at exhaust treatment efficiency of 95%.,.2 kg at 98.5% efficiency and 2.29 kg at 99.8%
efficiency. Published datasuggest that efficiency of roaster gases treatraemlants of the former
USSR varied from 81.6 to 99.6%. Estimates of therage efficiency of the gas purification equipment
suggest the figure of 98.5% There are reasons to believe that the last figareesponds to average gas
treatment efficiency of 2001.

Behaviour of mercury in production of primary zirgcpoorly studied. Published sources lack reliable
data on distribution of mercury in key products amalstes, on its releases to the environment. Some
research data below provide estimates of merculgases in waste and products of primary zinc
production processes.

8 Assessment of Mercury Releases to the Environfnemt the Territory of the Russian Federation. Prsiifor
the Arctic Council. The Federal Environmental, Tiealogy and Nuclear Supervision Service, the DaRBIA,
2005.

8 Air Emissions of Heavy Metal: Experience of Asseest of Specific Parameters. Minsk: Nat. Resouttss
R&D Institute of the National Acad. Sci. of Belayd998. 156 p. (Rus.)

87 Denisov SI. Capture and Utilisation of Gases and ParticuldtesMetallurgia, 1991. (Rus.)

8 Savrayev O.V. Dust Capture from Flue Gases of Zinc and Lead Blantl Options for Improvement. M.:
Metallurgia, 1990. (Rus.)
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It is known that in 1988 - 1990, about 35 - 40 tafsmercury entered production processes of
Chelyabinskiy zinc plant annually with zinc conaem¢$®. According to published dafa mercury
contents in zinc concentrates that were procesg&€thblyabinskiy zinc plant in late 1070s - earl\8Q8,
reached 200 g/t. Authors of these publicationsrassithat in the course of the roasting processcumgr
evaporates and enters the sulphuric acid produdtien with roaster gases. As the gas treatment
technology in the sulphuric acid production shoghaf plant did not ensure complete mercury capture,
substantial amounts of mercury were assumed toirettte sulphuric acid produced (a technical grade
product). According to authdfs about 10 - 12 tons of mercury/year precipitatedngercury and
selenium silt in the gas washing section, whilertrst (25 - 30 tons) ended in sulphuric acid. /At time,
every year, 30 - 35 tons of mercury-containingfeilined.

Table 5.7 shows data of the State R&D InstitutdNoh-ferrous Metallurgy on generation of mercury-
containing silt at Chelyabinskiy zinc plant in 1988000 (tons)

Table 5.7

Industrial facility 1985 - 1990 1990 - 1995 199%000
Hg-Se silt | Hg Silt Hg Silt Hg

Chelyabinskiy zing 250 70 404 88 525 115

plant

Research studies at the pfardemonstrated that mercury in roaster gases that #me sulphuric acid
production line distributed as follows (assumingttimercury levels in the gases = 100%): gas washing
acid - 16.7%; silt - 43.3%; sulphuric acid (producB6.6%; exhaust gases - 0.4%. Therefore, 60% of
mercury intake with roaster gases were capturethéngas washing section and removed with gas
washing acid and silt. Remaining mercury entergdndrand absorption section and contaminated the
sulphuric acid produced. The authors also studistrilsition of different mercury compounds in
different products (see Table 5.8).

Table 5.8

Distribution of different mercury compounds in @ifént products of the sulphuric acid productione i
of Chelyabinskiy zinc plant (%)

Products Hd Hg,Hal, HgS HgSO, HgmSe, HgSO,
Roaster gas 99.3 0.4 0.3 - - -
Silt 4 9.5 50.5 - 36 -

Sulphuric acid - - - 3.2 - 96.8

* Hal = halogen

Available information suggests that Chelyabinskczpiant has managed to resolve the problem of
mercury-selenium silt completely (the plant alldgezlipplies the silt to Kyrgyzstan for processiiagd
recently the plant approached a solution of thélera of mercury removal from gasédn particular, in

8 Analysis of Mercury Environmental Contaminatiortfie Russian Federation. Research Report - MytigR&D
Centre for Resource Conservation and Waste Managed®99. - 47 p. (Rus.)

90 Kamenev V.F., Fadeeva L.V. Mercury Distribution in Sulphuric Acid ProductiohMon-ferrous Metals, 1983, # 8,
p. 35-36 (Rus.).

1 Analysis of Mercury Environmental Contaminatiortfie Russian Federation. Research Report - MytigR&D
Centre for Resource Conservation and Waste Manage®99. - 47 p. (Rus.).

92 Kamenev V.F., Fadeeva L.V. Mercury Distribution in Sulphuric Acid ProductiohMon-ferrous Metals, 1983, # 8,
p. 35-36 (Rus.).

93 Qepanov |. Larox Environmental Effect. Chelyabinskiy Zinc Ri&liminated Lead Emissions to the
Environment ("Delovoi Ural", 2002, # 33) // httpuihw.infoural.ru/delur/2002/33-8.ht. (17.9.2002) &)
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order to reduce mercury levels in sulphuric acig plant planned to purchase equipmenBdiden
Company that would allow the plant to eliminate mercury ssidns and reduce emissions of sulphur
oxides substantially.

In 2002, the European Bank for Reconstruction aaddibpment (EBRD) signed a loan agreement with
Chelyabinskiy zinc plant on provision of $12 mitlidoan for 6 years to finance implementation of the
second phase of plant reconstruction works. The faads are allocated for construction of a plamt f
mercury processing and production of sulphuric adidese measures would allow Chelyabinskiy zinc
plant to eliminate mercury emissions and reduce &@issions substantially. The new production line
would allow to reduce zinc losses and increase ymthah of marketable zinc. EBRD provided its first
$15 million loan to "ChTsZ" Co. in 2000. The loannfls were used for extension of the plant's
product)i?an capacity and improvement of zinc proicgss'ChTsZ" Co. produces 150 thousand ton of zinc
annually”.

Mercury emissions of Chelyabinskiy zinc plant

In 1996, mercury emissions of Chelyabinskiy zidanp reached 2.51 tohs At its annual zinc
production of about 115,000 tons, mercury emissjpersunit of output reached 21.8 g/t (the figure is
close to the above estimates). These parametersteaeflect actual situation in the zinc indusitythat
time rather adequately. In particular, it is knaotlat in late 1980s quality of zinc concentrateselased -
as a result, zinc producers had to process higheuats of zinc concentrates and operate fluidistl b
roasters and associated emission control equipatdngher loads.

Efficiency of emission control equipment was lowedio expired service life of the installations and
frequent equipment failures; only 50% of installepacity of electrostatic filters were utilised tag
filters were often switched off for maintenance awcdpital repairs. In mid-1990s, in some distriots
Chelyabinsk, mercury levels in outdoor air of 1.3 MACs were observed regularly. Within the site of
Chelyabinskiy zinc plant mercury levels in ambiamtexceeded MAC in 5 times, while mercury levels i
soil nearby the plant exceeded background level®mtimes. It is known also that mercury-selenaiin
was stored at the territory of the plant's site.

According to official dat&, in 2001, mercury emissions of the zinc plant mel§abinsk reached 1229
kg. At annual zinc production of Chelyabinskiy ziplant of 155,500 tons, mercury emissions per fon o
zinc production reached 7.9 g Hg. A substantialicéidn of mercury emissions per unit of output 092
comparatively to 1996, to a some extent may béated to technological improvements at the plant i
2000 - 2001, that were reported in published satiftce

Copper production

In terms of mercury releases to the environmermglyction of crude copper from copper concentrate is
of particular importance; its emissions in the seuof waste/secondary copper processing and product
of refined copper are substantially lower. Procegssof copper ores and concentrates is usually
accompanied by production of sulphur (sulphuricdpdiom roaster gases. In the course of the latter
process mercury intensively concentrates in slud§eslphuric acid production lin&s

9 http://lwww.metal-trade.ru/news/2002/10/10/news_486tm|

% Ambient Air, Waste, Radiation . Chelyabinskayaashl //www.grenpeace.ru/default/8300 (10.1.2003)s()
% The Summary Report on Ambient Air Protection i®20- M.: The State Committee for Statistics of &as
2002. (Rus.)

97 Assessment of Mercury Releases to the Environifnemt the Territory of the Russian Federation. Poedbifor
the Arctic Council. The Federal Environmental, Tiealogy and Nuclear Supervision Service, the DaRBA,
2005.

% Assessment of Mercury Releases to the Environfnemt the Territory of the Russian Federation. Prsiifor
the Arctic Council. The Federal Environmental, Tiealogy and Nuclear Supervision Service, the DaRBIA,
2005.
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Russian copper plants are located at Taymyr Pdainrasnoyarskiy krai), in Murmanskaya oblast
("GMK Norilskiy Nikel"), and in the Urals regionnlthe latter case, the majority of copper producers
belong to "Urals Mining and Metallurgy Company" tiolg, except "Kyshtymskiy Copper Electrolysis
Plant” Co. and "Karabashmed" Co., that form thedtgroup of Russian copper producers.

In this Survey we consider only "Karabashmed" Querating in Karabash (Chelyabinskaya oblast) and
"Kyshtymskiy Copper Electrolysis Plant" Co." in Kym (Chelyabinskaya oblast).

Now, the bulk of Russian copper is produced fromkel-copper ores (with copper contents of 0.2 -
3.5%), copper pyrite ores (0.5 - 3%) and copperzind pyrite ores (1 - 69%)

Copper smelting and refining®

Copper is mined in open cast/underground minesertipg on types of copper ores and specifics of a
deposit. Copper ores usually contain less than fléémper in sulphide minerals. After extractiorg thre

is ground into a fine powder and concentrated @other processing. In the process of ore clarifcat
copper ore is slurred with water and chemical retgeAir is blown through the mixture - copper-
containing minerals float to the top of flotationaenbers and are then removed with a skimmer. Copper
concentrates contain 20 - 30 percent of coppereiOtfinerals sink to the bottom - these tailings are
removed, dewatered and disposed of in tailing pords water used in these operations - from
dewatering to delivery of tailings to the tailingmul - is recovered and returned to the technolbgica
process.

Depending on quality of copper ores, copper mayegevered by pyrometallurgy or hydrometallurgy.
Pyrometallurgy is used for ore concentrates witlppew sulphide and iron sulphide minerals for
production of pure copper. Oxidised copper oremt@aing copper oxide minerals) are processed
hydrometalurgically with other types of oxidisedpper waste.

Smelting is used to produce metal copper from geopre concentrate. The concentrate is dried ead f
into a furnace. The minerals are partially oxidised melted, resulting in segregated layers. Thigema
layer (iron-copper sulphide mixture) sinks to tleétbm under the slag.

The resulting matte undergoes further processirgpnverters, while the slag is discarded on siteotu

in minor quantities as railroad ballast and saramktitg grit. Exhaust gases of the process - sulphur
dioxide - are collected, cleaned and transformdd sulphuric acid for use in hydrometallurgical
leaching.

After the initial smelting, the matte is recovertd moved to the converter, a cylindrical vesseb(40

X 4 m) equipped by air blowing pipes. Lime andcsilare added to react with iron oxides and formatio
of slag. Scrap copper may also be added to theectmmy The converter is rotated to immerse air bigw
pipes into the reaction mass. Air is blown throtigh melted matte, oxidising residual iron sulphidth
formation of iron oxide and sulphur dioxide. Théme converter is rotated again to pour the iroicaié
slag out.

After complete removal of iron, the converter itated to its previous position and air is blownugat
the melt again for oxidation of residual sulphuhem, the converter is rotated to pour produceddolis
copper out (the term refers to uneven surface efntetal if allowed to solidify at that stage due to
releases of oxygen and sulphur). Sulphur dioxidenfthe converter is channelled to the gas purificat

9 Krivtsov A.l., Klimenko N.G. Mineral Resources. Copper. A Reference Book. Moiffermmark, 1997. 51 p.
(Rus.)
100 http://base.safework.rufiloenc?print&nd=8572006 iH&0
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system with gases from the smelting stage for prvdin of sulphuric acid. The slag of the convertor
contains copper and it is returned to the smelter.

Blister copper contains at least 98.5 percent ppeo and undergoes two-stage refining. At the §tage
melted blister copper is placed into a converte-itylindrical furnace and blown by air and then by
natural gas or propane for removal of residuallsul@and oxygen. Then the metal is poured into &ngps
machine for production of copper anodes that affecgntly clean for electrolysis-based refining.

In the course of copper electrochemical refiningcpss, copper anodes are placed into electrolglis c
with copper sulphate electrolyte. Between coppedan, pure copper plates (cathodes) are placeda Whe
direct current is applied, copper from anodes desoand deposits on cathodes. After accumulatian o
sufficiently large amount of purified copper, calles are removed and replaced by new ones. Solid
impurities sink to the bottom of the electrolytiellcas anode silt - the material is collected aratessed

for recovery of gold and silver.

Cathode copper after the electrolysis contains®9rcent of copper. Copper cathodes may be sold f
wire production or cast as rods. For productionagper rods, cathode copper is melted in a shafabe
and poured into a casting machine to cast copg@tsn Then, these ingots are rolled into 3/8 iradtsr
These rods are used for production of copper wire.

In hydrometallurgical process, oxidised ores andtevare leached by sulphuric acid. The leaching may
be conductedn situ or in heaps on acid-resistant lining to prevemugdwater pollution. Copper from
the copper-containing leachate may be recoveredcdayentation on iron or by electrolysis. In
cementation process (rarely used) metal copperaomseduced to metal copper by scrap iron from the
acidic leachate solution. After recovery of a sabsal amount of copper, solid residues (copper and
residual scrap iron) are smelted with primary comoascentrates.

In the course of copper extraction from leachatepper concentrates in an organic solvent, whitert
metals (such as iron) remain in the aqueous pl@agper-containing organic solution is separated by
decantation. Then, enriched organic solution iatée by sulphuric acid to extract copper to thecags
electrolytic solution. The residual leachate witbni and other impurities is returned to the leaghin
process, while the copper-containing solution ugdes electrochemical treatment. In contrast to the
copper refining electrolysis, permanent inert &sodre installed in electrolytic cells for coppecavery
from solutions. Similarly to the copper electrotytiefining process, metal copper deposits on cahod
plates. Exhausted electrolyte is returned to tlagestof copper extraction from the organic solvent.
Cathode copper of the recovery process is procesisaithrly to copper cathodes of the electrolytic
refinery process.

Adverse environmental factors of ore processing ansimelting'**

Main adverse environmental factors include: dulgases in the course of ore processing and smelting
exhaust gases (containing copper, leas and ayseulphur dioxide, carbon monoxide, noise of girigd
equipment, high temperatures, sulphuric acid aedtet factors of the electrolysis process.

Main pollutants at different stages of copper simgland refining are shown in Table 5.9.

Table 5.9

Technological inputs and pollutants; releases ppeo smelting and refining operations

101 hitp://base.safework.rufiloenc?print&nd=8572006 iH&0
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Production Inputs Emissions Waste Other waste
processes
Copper ore|| Copper  ore, Flotation Tailings  with
clarification water, wastewater limestone and
reagents, quartz
thickening
agents
Copper leaching Copper Uncontrolled Waste of
concentrates, releases of| leaching in
sulphuric acid leaching products| heaps
Copper smelting Copper Sulphur dioxide, Disposal of
concentrates, || particulates acidic waste
silica flux containing  arsenic materials/
antimony, cadmium sediments, sla
lead, mercury ang with iron
zinc sulphide an
silica
Copper conversion Matte, scrzupSquhur dioxide, Disposal of
copper, silical| particulates acidic waste
flux containing  arsenic materials/

antimony, cadmium

sediments, sla

lead, mercury ang with iron
zinc sulphide  an
silica
Electrolytic  copper|| Blister copper, Silt containing
refining sulphuric acid gold, silver,
arsenic,
bismuth, iron,
lead, nickel,
selenium,
sulphur and
zinc

"Uchalinskiy Mining and Ore-dressing Plant" Co.

Address: 453700, Russia, Bashkortostan, Uchalyprd&zavodskaya St.
phone: +7-34791 - 6-20-03
fax: +7-34791- 6-05-36

e-mail: ugok@ugok.ryjashma@bashnet.ru

web: www.ugok.ru

Director General: I.A. Abdrakhmanov

www.ugok.ru

"Uchalinskiy Mining and Ore-dressing Plant" Co.rexts and clarifies copper pyrite ores of depaaits
the territory of the Republic of Bashkortostan (dlafiskoye and Zapadno-Ozerskoye) and in

Chelyabinskaya oblast (Uzelginskoye, Molodezhnaye Balganskoye).

The range of main components of the ores includeper, zinc and sulphur. The ores also contain such
associated components as gold, silver, seleniuftyriten, cadmium and indium. The associated
components are recovered from copper and zinc atrates in the course of metallurgical processing a
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plants of "UGMK-Holding". In addition, the range axtracted minerals of Molodezhnoye and
Talganskoye deposits includes barite, while in¢hse of Talganskoye deposit the range includes also
lead and mercury. Mercury levels in ores at thedauof industrial exploitation of these depositsatesd
0.0060% in S1 grade ore and 0.0075% in S2 gradémeecury contents are rather low and only slightly
exceed average Hg levels in the Earth crust.

Mercury minerals predominantly concentrate in teddrite, blende, galenite and (to a lesser exiant)
copper and iron pyrite (in the latter case mergsigresent as an impurity). Mercury occurs in thess
as coloradoite (HgTe), tetrahedrite (Hg,G8lS:3 and (rarely) cinnabar (HgS). Metal mercury doefs n
occur in natural ores.

Ore extraction and processing figures for 200%hevn in Table 5.10.

Table 5.10
Yield

Deposits Ore extraction Ore processing Copper concentrate$ Zinc  concentrates

(thousand tons) (thousand tons) (thousand tons) (thousand tons)
Uchalinskoye 1986.0 2013.4 82.36 132.26
Zapadno- 22.6 10.0 0.57 -
Ozerskoye*
Uzelginskoye 2453.6 2473.8 132.20 59.27
Molodezhnoye 629.4 629.4 56.78 27.76
Talganskoye 311.0 302.0 44.30 13.73
Safianovskaya - 21.7 0.28 0.53
Maiskaya - 10.9 0.53 0.49
Yubileinaya - 8.8 0.82 0.05
Total 5402.6 5470.0 317.84 234.09

*Note. Off-balance lose gold and pyrite ore wasaoted at the deposit.

All ores, extracted at deposits of "Uchalinskiy ig and Ore-dressing Plant” Co. were clarified at
Uhalinskiy ore-dressing plant by collective seleetflotation without application of cyanides. Thiamt
produces copper and zinc concentrates. The plaiteagghe following reagents for its ore-clarifiicat
operations: depressors, collectors, activatorgshérs, pH-correctors and flocculants. The processd
not result in destruction of crystalline lattice ofinerals (including mercury minerals) and is not
associated with direct chemical impacts on matepabcessed.

According to information provided by: I.A. Abdraklamov, Director General "Uchalinskiy Mining and
Ore-dressing Plant" Co. and M.P. Orlov, the ChiefolBgist of the plant, "the above mercury
concentrations in pyrite ores are close to avekigydevels in alkaline basalt rock. Accounting fbese
considerations, technical regulations do not stifguimercury monitoring at different stages of coppe
pyrite ores processing in Uchalinskiy Mining ande@iressing Plant” Co."

Ore clarification operations are usually condu@etbw temperatures (under 100°C), as a resultcungr
releases to air are practically negligible - theuasption is confirmed by mercury measurements @t th
site of Uchalinskiy Mining and Ore-dressing Pl&htAlmost all mercury in pyrite ores comes to
concentrates that are delivered to processingpkm only a tiny fraction of mercury (up to 2 - o
the overall mercury content) remains in tailings tbe ore-dressing plant. Mercury contents are
particularly high in pyrite concentrates and zirancentrates (the highest levels observed). Mercury
levels in tailings may be also fairly high (up to ® g/t). In the area of Uchalinskiy Mining andeor
dressing Plant the overall amount of tailings & ftant reaches 28 million tons.

102 Assessment of Mercury Releases to the Environimemt the Territory of the Russian Federation. Polifor
the Arctic Council. The Federal Environmental, Tiealogy and Nuclear Supervision Service, the DaRBIA,
2005.
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"Karabashmed" Co.

Address: 456140, Chelyabinskaya oblast, Karabash, @sbobozhdenie Urala St.
phone (35153) 2-36-10, fax (35153) 2-36-45

Table 5.11

Copper production in 2000 - 2001 (thousand toHs)

Industrial facility |Copper 2000 2001 2002
"Karabashmed" Blister copper 36.4 41.7 42.4
Co.

In 2001, "Karabashmed" Co. produced more than A84sand tons of copper concentrate.

Table 5.12 shows characteristics of copper-comginaw materials processed by Karabashmed" Co. in
2001.

Table 5.12
Industrial facility Main products and sources of raw materials
"Karabashmed" Co. Blister copper: processing ofpeopconcentrates of its own from Urals

Urals deposits from "Kyshtymskiy Copper Electroty$tlant" Co. (125
thousand tons).

deposits (134.4 thousand tons) and briquetted coppecentrates fro?

Table 5.13 provides information on average merciemels in ores of Urals copper deposits (at
confidence level of 0.95%

Table 5.13
Deposits, regions Ores Number | Hg, averages and
of ranges (g/t)
samples
Copper pyrite
Uchaly, Southern Urals Massive 7 9.8 (3.2-19.75
XIX Partsiezda, Southern Urals Massive 9 12 (3)- 2
Cibai, Southern Urals Massive 8 11.2 (3.7 - 23.10)
Gaiskoye, Southern Urals Massive 14 13 (5 - 27)

Ore processing

The plant processes raw copper ore by smeltingedtlshaft furnaces are installed) with further
conversion of matte produced (three convertersMay 2001, the first phase installations for utitisn

of roaster gases were commissioned - the oxygdraliowed to improve environmental performance of
smelting operations.

193 Metal Supply and Sales, 2001, # 12.; Mineral Resesiof the World at 1.1 2001 (a statistical refeeebook,
official publication). - M.: FGUNPP .Aerogeologia002. - 475 p. ; Non-ferrous Metallurgy, 2002, #Rus.)

104 Fursov V.Z. Mercury Atmosphere of Natural and Anthropogenic €off Geochemistry, 1997, # 6, p. 644-652.
(Rus.)
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In 2002, "Karabashmed" Co. emitted 79 tons of Igsdts overall pollutants emission > 97 thousand
tons)%. In 2002, pollutants emissions of the company clied more than 2 tons per 1 ton of blister
copper.

Table 5.14 provides estimates of mercury emissimhiis distribution in products of "Karabashmed". Co
at the stage of blister copper production in 200%addition, about 10% (2.3 tons) of mercury migrad
sulphuric acid.

Table 5.14%
Industrial facility Blister Hg input| Hg Hg in silt | Hg in | Hg
copper with raw | emissions| (tons) slag discharge
(thousand| materials | (tons) (tons) to the
tons) (tons) sewer
(tons)
"Karabashmed" Co. 41.7 4.12 0.0350 1.11 0.083 2.06

Modernisation of the copper smelting operations teeduce environmental impacts and to approach
a zero-waste production

So far, about $120 million have been invested immimdernisation of "Karabashmed" Co, production
facilities. At the first stage, in May 2001, theygen unit of Linde AG (Germany) was commissioned.
Application of pure oxygen in furnaces and conwsrtallowed to reduce amounts of technological gase
and air pollution. In parallel, the new water irdalnd associated networks were constructed on
Bogorodskiy pond and a closed circuit water supygdg commissioned.

Modern gas and water treatment installations ofdssteBoliden Contech AB were also commissioned.
New installations for removal of particulate mati@ust) from roaster gases allowed to eliminate
emissions of particulates that contained hazartieasy metals and other elements.

WSA installation (Danish Haldor Topsoe A.S) waseassled for adsorption of sulphur dioxide for
production of sulphuric acid. The installation wasmmissioned in May 2005. For the first time in
Russian metallurgy, a so called "wet catalysishbebtogy was applied. After the launch of the WSA
installation, sulphur dioxide emissions decreasmdically and MAC for S@in ambient air was met.
Other pollution control equipment was also instjlleuch as "Frik 5200" bag filter, etc.

The new, fully automatic unit in the gas utilisatishop allowed to produce high grade sulphuric acid
from dust-free exhaust gases of copper smeltingatipes. Investments into installation of the unit
reached 646 million roubles. The gas utilisatioopsproduces over 200 tons of sulphuric acid anpuall

Installation of Australian (Ausmelt Ltd) copper dimggy furnace with immersion tuyere was completed
(the first such furnace in Russia). The furnaceved! to produce blister copper from copper concégdra
and enriched copper slaY. Reconstruction works of "Karabashmed" Co. wouldvalthe company to
increase its annual output from 40 thousand tonilister copper to 90 thousand tons, in additiaa th
company would produce a new product - high gradighsuic acid. Planned further modernisation works
are expected to increase production of blister eopp to 190 thousand tons/year.

195 Assessment of Mercury Releases to the Environimemt the Territory of the Russian Federation. Poslifor
the Arctic Council. The Federal Environmental, Tiealogy and Nuclear Supervision Service, the DaRBIA,
2005.

196 Assessment of Mercury Releases to the Environimemt the Territory of the Russian Federation. Pasdlifor
the Arctic Council. The Federal Environmental, Tiealogy and Nuclear Supervision Service, the DaRBIA,
2005.

197 http:/vww.rmk-group.ru/proizvodstvo/predpriyapa/l/26/
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Specialists of "Karabashmed" Co. and "Mechanobiremging” Co. from St. Petersburg designed and
constructed the new plant for processing of metgidal slag. The plant was commissioned in 2002 Th
new plant allows "Karabashmed" Co. to ensure a Hegree of copper recovery from raw materials and
to address both production and environmental prokleNew technologies allow to produce three
marketable products from metallurgical slag: coppencentrate, iron concentrate and sand for
construction applications. The facility sells dlkse products to external customers and uses thés i
own production processes

But...

"Karabashmed" Co. is the key copper producer oflas region, it is categorised as 1st hazardsclas
facility and continuously releases many tons ofandaus pollutants from its blister copper produttio
line. The facility's site is located at the distaraf merely 100 m from nearest residential disradt the
mountainous slope. A sanitary protection zone sderhe non-existent and all industrial emissionthef
plant predominantly precipitate on residential arefthe city lower. UN officially recognised Kalath

as an environmental disaster and environmentalgeney zon¥®,

In NE part of Karabash, the slag disposal arearso2€.2 hectares of land and contains more than 10
million m® of hazardous waste. Another artificial waste dipedocated nearby the facility's site - the
latter one contains more than 5 milliorf of waste. A pyrite tailing pond is located in Saka river
valley and covers about 90 hectares. Environmexgaéssments of soil nearby the plant site suggest
extraordinary high levels of contamination by heawgtals from waste of ore mining and clarification
operations. In some districts of the city (the anearby the city hospital, Gagarina St., Lening St,
Severniy township) record chemical pollution levelsre registered - 483.5 points (for comparison -
specialists assess pollution levels in excess 8fdnts as an environmental disaster). The ciidesnts

are advised to avoid drinking water from city wedlsd Serebryanskiy waterline. Heavily contaminated
lands in Karabash were not recultivated for margrye

According to official statistical reporting, "Karashmed" Co. annually releases tens thousand tons of
toxic gases and particulates, even higher amountexic waste with carcinogenic and embryotoxic
substances are disposed of within the city area.ekample, in 2000, air emissions reached 113.356
thousand tons. In 2001, additional 591,055.874 tinsoxic waste were disposed of onto the slag
disposal area of "Karabashmed". Such a situatian obiserved every consecutive year. Today, in
connection with arrival of the new finance and isiiial group of Igor Altushkin in Chelyabinskaya
oblast, that extended production capacity of ttetplemissions of highly toxic sulphur dioxide het
increased, in parallel with increased blister coppeoduction. Correspondingly, in 2003 alone,
1,004,391.843 tons of waste were disposed of dafpdisposal sites within the city area. Surpriking
enough, "businessmen" of "Karabashmed" Co. seeragtee provisional SOemission limits with
Chelyabinsk oblast authorities - these provisioliraits authorise substantially higher emissions of
sulphur dioxide comparatively to relevant MACs, Isgiexperts.

Investigators of  Chelyabinskaya oblast Prosecu@iifice have found that top managers of
"Karabashmed" Co. were issued an individual paclatgemission limits - a tailored permit to release
substantial quantities of hazardous pollutants.ofdiog to Order on Setting Pollutants Emission témi
for "Karabashmed" Co. of 19.02.2003, signed by Bemin, the Governor of Chelyabinskaya oblast,
Mr. Dzurko, the acting Chief of Chelyabinskaya @bl&nvironmental Authority issues a permit to the
company, authorising it to emit even higher amouwftpollutants to the city air. In addition, chief
officials of oblast-level control and supervisorgeacies prefer to avoid upsetting the holding,aas |
enforcement bodies suspect that in addition to supgf the State Administration of Chelyabinskaya
oblast, the holding belongs to the sphere of istené the largest organised criminal organisatibithe
country.

108 htp://www.rg.ru/2005/10/01/ural.html
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On June 26, 2004, due to poor meteorological cmmdif a major pollution release occurred at tiaatpl

as a result, pollutants caused chemical burn &l leegetation. The release almost completely dgstio
102 hectares of forest and vegetation in 400 gardé Karabash residents. The city residents wiee a
affected: the number of Karabash residents whoiegpbr medical assistance with respiratory proldem
sharply increased. Urals Federal District Diredraf the RF General Prosecutor Office initiated a
criminal case on the fact of hazardous pollutideages of "Karabashmed" Co. The investigation ef th
criminal case revealed that Viktor Ermilov, the fieical Director of the Company had authorised launc
of a new shaft furnace without the necessary doatatien and conduction of state environmental exper
assessment. Moreover, technological conditionspefation of the furnace were altered, a non-cedifi
fuel was used and the gas converted was depresuris

Due to all these factors, emissions of sulphur id®substantially increased. On June 26, 2004 haale
chemical smog covered residential areas of Karabadha forest nearby. As $@vels in the air were
many times higher than usually, the oxygen unthefmetallurgical plant switched off automatic&ity

The Sanitary and Epidemiological Supervision Cepfr€helyabinskaya oblast, without any publicity,
conducts research studies to "estimate levels d¢élmén blood and hair of Karabash children”. The
research results suggest substantial metaboliatiens, caused by toxic body burdens of lead, cadmi
and arsenic. In 5 recent years, cancer morbiddicators alone increased in Chelyabinskaya obtast f
335 to 364 cases per 100 thousand residents (cerpé#re Russian average of 300). But even theseve
degradation of environmental quality in the SoutHérals region, that leaves no opportunities favice

to local residents, was not convincing enoughdsypade MPs from Chelyabinskaya oblast in the need
to introduce stricter pollution standards and stitntionalise responsibility of unscrupulous inttiadists

and officials who lobby their interests for radistiand toxic damages of their operations.

In the last year, the Hydrometeorological Servibé #mes warned Karabash residents on high levels o
pollutants in outdoor air of the city. 96 perceifittilese warnings were for real. Relatively recently
officers of the Environmental Prosecutor Office iduthat the plant releases pollutants almost withou
any treatment. Multi-element analysis researchatthole territory of Karabash clearly shows tihatré

is one common source of air pollution in the regimnaddition, experts found that toxic componesfts
air pollutants in the region fully correspond tomposition of particulate emissions of shaft fuesand
converters of "Karabashmed" Co. - the companyehgiys a particular support of the oblast authesiti

Groundwater resources in Chelyabinsk, Magnitogdfskabash, Kyshtym and many other settlements of
the oblast are under heavy industrial loads. Mirser releases from underground mining facilities
severely contaminate all watercourses of Karabasa. aln connection with decommissioning of
Karabash ore-dressing facility, all water treatmiacilities of the area were destroyed fully ortpar
these facilities prevented infiltration of wasteerafrom Karabash collector ponds (mine water indiea

is contaminated by ions of highly toxic heavy metalWastewater from Soimonovskaya and Sak-
Elginskaya valleys, contaminated by sludge of wvener ore-dressing facility and the chemical plant,
metallurgical slag and technological water of "Kemshmed" Co. from Bogorodskiy pond, as well as
Sak-Elga, Atkus and Olkhovka rivers that collectstesvater flows of the city - all these contaminated
waters reach the Argazinskiy water reservoir basithe key source of drinking water supply for
Chelyabinskiy industrial cluster.

Analysis of bottom sediments reveals industrial imgngrade contents of heavy metals (including
mercury, copper, zinc, arsenic and lead) thattevegands times higher than applicable MACs. Pregato
overexploitation of "Karabashmed" Co. productiopaity with for higher production of blister copper
and processing of imported copper ores with higlmrtents of rare metals and mercury facilitated
additional mercury releases to the regional enviremt°.

108 hitp://www.ombudsman.gov.ru/dad05/dad 52/r01.doc
110 hitp://www.ombudsman.gov.ru/dad05/dad 52/r01.doc
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On 19.04.2018* "Karabashmed' Co. was found to be in non-compéanith environmental standards.
In particular, the company exceeded emission linfiis several hazardous pollutants, including ailic
carbon monoxide and lead compounds. In additiemctmpany failed to meet the prescribed schedule of
inspecting emission control equipment of the copprelter. The Environmental Prosecutor Office of
Chelyabinskaya oblast initiated an administratiferce case under articles 8.1 and 8.2 of the
Administrative Offences Code of the Russian FedmratKarabashmed" Co. had to pay administrative
fines of RR 100 thousand and RR 30 thousand. Thecfoir General of the company was issued an
administrative order on elimination of the violatidentified.

"Kyshtymskiy Copper Electrolysis Plant"

Kyshtym, 2 Parizhskoy Kommuny St.
phone: +7(35151)4-74-81

fax: +7 (35151) 4-74-63

Director General: N.A. Azarov
Volkhin Aleksandr Ivanovich

Copper production in 2000 - 2001, thousand tons 2

Table 5.15

Industrial facility Copper grade 2000 2001 2002
"Kyshtymskiy Refined copper 77.7 82.1 76.3
Copper Electrolysig

Plant" Co.

In 2001, "Kyshtymskiy Copper Electrolysis Plantd.(oroduced more than 124 thousand tons of copper
concentrate.

The table below shows key characteristics of rappeo processed by "Kyshtymskiy Copper Electrolysis
Plant" Co. in 2001.

For many years, Kyshtymskiy Copper ElectrolysisnPlspecialised in electrolytic refining of blister
copper of Urals producers. Silt of the electrolygi®cess contains substantial quantities of praciou
metals such as gold, silver and platinoids, anceppefining operations allow to recover these iseta
(see Table 5.16)°.

Table 5.16

Industrial facility Mainstream products and raw mat erials used

"Kyshtymskiy = Copper  Electrolysis Products: refined copper, production of preciousameickel sulphate
Plant" Co. of reagent grade (for electroplating operationgpper cathodes. Th
plant is the only Russian producer of electroplategper foil for
production of copper-clad dielectrics. The unigaehnhology allows tg
produce copper foil tapes (for radiators/shield§)L8+ mm.

[©]

M hitp://mediazavod.ru/shorties/86433

12 The Metallurgist, 2001, # 1.; Mineral Resourceshef World at 1.1 2001 (a statistical referencekbofficial
publication). - M.: FGUNPP .Aerogeologia, 2002.75%. ; Non-ferrous Metallurgy, 2002, # 6; (Rus.)

113 The Metallurgist, 2001, # 1.; Mineral Resourceshef World at 1.1 2001 (a statistical referencekbodficial
publication). - M.: FGUNPP .Aerogeologia, 2002.754%. ; Non-ferrous Metallurgy, 2002, # 6; (Rus.)
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Raw materials: processing of blister copper fronardbashmed Co.|,
scrap copper and waste materials with preciouslmeta

Overall, in 2004 - 2007, production capacity of ghlant increased almost in three times - by 140
thousand tons of copper cathodes/year - and rea2k@dhousand tons/year. In 2005, the company
reconstructed its second anode furnace and coteracnew electrolysis unit - as a result, producti
capacity of the plant was increased from 75,0002 000 tons of copper cathodes/year. The productio
capacity increased up to 160,000 tons by June@8 and up to 220,000 tons in 2009.

Since 1996, the plant operates 1SO 9001 qualitwramge system for production of its mainstream
products - the system was certified by TUV NORDRIEGmbH, Germany. In 2003 and 2006, the plant
was successfully re-certified under ISO 9001-20002001, I1ISO 14001 environmental management
system was introduced.

But...

In June 2009** Kyshtym City Prosecutor Office of Chelyabinskaydash jointly with the territorial
office of the Federal Service for Consumers Praiacend Human Welfare inspected environmental
compliance of "Kyshtymskiy Copper Electrolysis Rla@o. The inspection revealed non-compliance.
Inspectors collected air samples in the plant ihpaome (Vtoraya Irtyashskaya St. in Kyshtym).
Laboratory analysis of these samples revealed devElhazardous substances in the air in excess of
applicable MACs in violation of Law on Sanitary aBdidemiological Wellbeing of the Population.

The city prosecutor initiated an administrativeeoife case against "Kyshtymskiy Copper Electrolysis
Plant" Co. under Article 6.3 of Administrative Ofifees Code of the Russian Federation (non-compliance
with the due legislation on sanitary and epidengaal wellbeing). The company had to pay fine dR R

10 thousand

Chapter 6
Waste incineration plants

Main sources of mercury input into solid municipeghste (SMW) include mercury-containing lamps,
thermometers, other mercury-containing householdliapces and batteries/cells. Depending on a
particular technology, every fluorescent lamp covgtafrom 20 to 500 mg of mercury. Overall,
fluorescent lamps in use in Russia (app. 400 -r&iton) contain about 50 tons of mercury. Abou010
million fluorescent lamps become unusable every.y&s a result, eventually, about 10 tons of mercur
were released to the environment. Mercury-contgitéimps are particularly hazardous in term of local
toxic contamination, as mercury from a broken laewpporates rather quickly. Substantial amounts of
mercury enter SMW with broken medical thermometérsimilar amount of mercury is released to the
environment with obsolete cells Estimates suggest, that overall mercury inpuvaste flows due to
used mercury-containing items may reach 16 - 28.tbmaddition, fluorescent lamps add about 1.6 ton
of mercury (plus 1.6 tons in obsolete cells andt@Min electric switches).

Mercury inputs to SMW associated with mercury cotden different waste materials potentially may be
rather high, but one can hardly estimate thesetsnpoainly due to lack of information on initial neary
levels in such materials.

Average mercury levels in SMW, including used meyarontaining instruments and materials were
estimated at the base of source assessments (bbe 6[4) and the overall SMW generation in the
Russian Federation. Estimates suggest that mertaugls in SMW (except cases of mercury

114 hitp://www.regnum.ru/look/cafbf8f2fbecfleae8e92Gmte S5fdebe5eaf2f0eeebe8f2edfbe 920e 7e0e2eeed/
115 hitp://www.komtek-eco.ru/othodi.html
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contamination of different materials) may reach 0.83.9 mg/kg (these figures lower that MAC for
mercury in soils - 2.1 mg/kd)?

Table 6.1

Sources of mercury releases to SMW

Sources of mercury releases to SMW app. amounts of Hg (t/year) notes
Mercury-containing instruments (mainly thermometers | 16 - 23 section 3.5
Cells 1.6 section 3.6
Lamps 2 section 3.8
Dental amalgam 6 section 3.4
Switches 0.4 section 3.9
trace micro-element in all types of waste materials 26 - 33

*Precise amounts of mercury releases to SMW ar&maivn

In the Russian Federation, almost all solid mumiciwaste is disposed of to landfills/dumps. Waste
incinerators operate in Moscow, Pyatigorsk, Soekadivostok and Murmansk. The share of incinerated
SMW may be assessed at the level of 2 - 3% of Weeatl waste generation. Accounting for the above
estimates, we may assess the amount of mercungiimerated waste as about 0.5 ton.

In this Survey only waste incinerators of Moscow eonsidered.

Now, there are three operational waste incinergpiants in Moscow - in Eastern, Southern and North-
eastern districts. The city daily generates up.f®rbillion tons of waste, including 3.8 million terof
household waste, about 250 thousand tons of hbspitste and 1.4 million tons of bulky demolition
waste. Operational WIPs incinerate 27% of wasteaddition, five Moscow waste processing facilities
maintain waste separation, while all other wastéisposed of to landfills. The city authoritiesiestte
that capacity of these landfills as sufficient taintain them in operation for three to five yé&ks

It is worth to not&'® that none of the operational WIPs monitors contjmsiof waste incineration
products or the material balance of the incinemapoocess. At the same time, the material balasice i
necessary for getting complete and reliable infdiom on qualitative and quantitative compositidn o
hazardous products generated. As a result, cldiatspbllution control equipment can ensure capturin
95% or 99% of hazardous emissions are merely emptygs. In the best case, these figures are just an
illusion. Actually, the number of reports on enviroental releases of hazardous substances in zénes o
impacts of waste incinerators is growing, in pafallith reports on growing morbidity indicators tbe
Unfortunately, nobody can provide evidence to thetiary.

None of actual WIP desigh$ accounts for real-life operational conditions oplant - designers use
theoretical models of waste composition, incineraind waster treatment technologies. In realdiya
situations are much worse - waste separation fidiemt, incineration regimes are far from optimal
conditions and pollution control systems fail toentheir declared performances indicators.

Moscow WIP # 3

Address: Moscow, Southern Administrative Distrit2a Podolskih Kursantov St., build. 1
Company-operator: "EFN - Ekotekhprom WIP 3"

116 Assessment of Mercury Releases to the Environinemt the Territory of the Russian Federation. Pasdlifor
the Arctic Council. The Federal Environmental, Tiealogy and Nuclear Supervision Service, the DaRBA,
2005.

117 http:/finfox.ru/science/tech/2010/03/17/0Osobo_opgge_otho.phtml

118 http://www.ecounion.ru/ru/site.php?content=detilent. php&blockiD=894

119 http:/iwww.ecounion.ru/ru/site.php?content=detilent.php&blocklD=894
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phone: + 7 (495) 510-3338
The deputy Director on Sanitary and Environmentattts - Sinkova N.V.

Mainstream operations of the plant: thermal praogssf solid household waste with utilisation ofahe
energy and generation of electric energy. Incin@mecapacity: 360,000 tons SMW/year (45 tons/hour)

Waste incineration plant # 3 applies a continuoastes processing technology in 2 SMW incineration
lines with waste incineration on grates in spreateckers of boilers. Excess heat of the incinenati
process is utilised for energy generation.

In 2008, the plant implemented inventory works deritify emission sources and their qualitative and
guantitative parameters. The inventory works wemedacted by Moscow city authorities (the Centre for
Environmental Works and Services). According to thee legislation (inc. OND-86) estimates of
pollutants dispersion in air were incorporated iptovisional emission limits, agreed with the RF/En
Supervision Service. The plant was issued emispemmit # 60136 of 13.04.2009 by Moscow city
Technical Supervision Service Directorate - therpespecifies mercury emissions up @l 1 ton/year

Stacks of every technological line are equipped'dytomatic emission monitoring systems" - similar
systems are installed at waste incinerating plenEurope. The system continuously monitors lewéls
pollutants in flue gases (the list of such pollisas prescribed by the city authorities). Measeetdata
are registered and transmitted to "Moscow Eco-nooimigy" in on-lone mode.

The plant is claimed to be the most modern WIP in Russia. Every second, it emits 14 grams of pollutants.
Every year, residents of Birulevo and Chertanovo are exposed to 70 kg of mercury, cadmium and 12 other
toxic heavy metas, 15 mg of dioxins (dioxins are hazardous even in nanograms), particulates and many
other hazardous pollutants'.

Moscow WIP # 2

Address: Moscow, 33a Altufievskoye Highway

phone: +7(499)201-19-44

Company-operator: State-run facility'Specialised Plant # 2 of Ekotekhprom" for thermpadcessing of
solid municipal waste.

SMW processing capacity: 160 thousand tons/year
Manufactures of the main equipment: "KNIP" (France)
Waste is incinerated on a sloping grate stocker.

Metal recovery: 4.810 thousand tons/year.

Electric power generation to the city grid: ~ 4MW.
SMW inputs undergo entry radiation control.

Due to relatively low incineration temperaturese thlans releases more dioxins, arsenic and other
"healthy: compounds than similar European plants.

Natural gas is used to initiate the incineratioogess and to maintain its necessary temperature.

The plant:
* Incinerates SMW,
« Generates electric power and heat energy;
¢ Transmits electric and heat energy;
* Supplies electric power to Mosenergo grid.

120\mww.greanpeace.ru
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The plant generates waste incineration slag (186gand tons/year). After fractioning and secondary
metal recovery the slag is utilised as a filler donstruction and heat-resistant materials, wiefzasated
fly ash (8.7 thousand tons/year) is utilised aarificial construction material.

Results of the extraordinary inspectiod®

In June 2009, Moscow WIP # 2 was inspected by tReBRvironmental Supervision Service (the
inspection was launched in April 2009). Inspectofghe Service visited the plant in connection with
complains of a local resident who claimed that 'staanot breath” there. The inspection was completed
on June 23, 2009. Findings of the inspection aserileed in Protocol # 09-00-0743* that revealed the
following facts:

Since 2004, the plant incinerated 65 thousang/year of waste illegally. In December 2004. Magco
WIP # 2 launched the third waste incineration livith capacity of 65 thousand tons/year. Howeveg, th
official commissioning of the reconstruction workappened only in May 2006, while the relevant
Moscow city department completed its official eovimental expert assessment only in December 2006.
Inspectors of the RF Environmental Supervision 8erfound that the line was not approved by theesta
expert environmental assessment. In other wordspldnt operated one waste incineration line illgga
for five years.

In May 2006, the first deputy Mayor of Moscow corssioned Waste Incineration Plant # 2 with
installed capacity of 160 thousand tons/year. Hargethree operational technological lines of thenpl
process 65 thousand tons of waste each - therefoeepverall capacity should reach 195 thousand
tons/year. What happens with these extra 35 thausans? One more question: how the Moscow
government is expected to extend capacity of tl@tph April 2008 from 130 thousand tons to 180
thousand tons, it was commissioned in 2006 witlacy of 160 thousand tons?

In additional to the above strange mismatches.eictsps of the Service revealed a lot of other viofes

as well. In 2008, the plant emitted 4 kg of manganexide over the emission limits (in Moscow, the
compound is categorised as a 3rd hazard classasule$t In addition, mercury was found in ash ang sl

of the plant, making claims of adherents of wasteinerators that ash and slag are safe rather
guestionable.

The company doest not maintain technical inspestimhits emission control installations. In additio
"actual efficiency of emission control equipmentténms of capture of dioxins and furans is lowemth
their certified design efficiency”. At declared ieféncy of 99.99%, the manufacturer's certificate
specifies 98%, while actual efficiency reached d8y89%. If someone considers 4% as a tiny fraction
we should note that reduction of emission contrfficiency by 1% increases dioxins emissions
practically two-fold®,

SMW processing plant of "Ecotekhprom"

Address: Moscow, Pekhorskaya St., estate 1A.
phone: +7(495)465-8965

Manufacturer of the main technological equipmeHelter" (Germany).
Annual waste processing capacity: 250 thousans &b unsegregated SMW, after separation of some

types of waste (scrap metal, glass, PETP bottesiiual SMW (up to 95%) are incinerated in fluidise
bed furnaces (275 thousand tons).

121 hitp:/wvww.greenpeace.org/russia/ru/news/3752110
122 htp:/lwww.greenpeace.org/russia/ru/press/repcatE2899
123 hitp:/www.greenpeace.org/russia/ru/news/3752110
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Utilised waste flows: paper, cardboard - 10.00 famd tons; plastic - 4.00 thousand tons; glas€G 3.
thousand tons; scrap iron - 7.0 thousand tonspswra-ferrous metals 1.0 thousand tons.

According to Aleksey Kiselev (Greenpeace Russk&,waste incineration plant in "Rudnevo” industrial
zone, is equipped by a fluidised bed furnace thaiot tailored for incineration of SMW. Such a face
may be used only for incineration of a highly unifowaste. In other words, application of such adice
substantially complicates maintenance of the nacgstechnological regime and emissions control
operations or even make them practically impossible

According to A.N. Tsokur, the Director General ofRM# 2 and WIP # 4, technological lines of these
facilities are equipped by multistage emission aaritstallations for treatment of flue gases & MW
incineration process. The equipment allows to cgmyth requirements of environmental authorities to
emissions of hazardous substances.

The above waste incineration plants are not spgedaktified for management of mercury-containing
materials. However, actually, their technologicapiuts (usegregated SMW) do include mercury-
containing materials, as potentially hazardous st@oatteries/cells, etc.) are not separated.

The waste incineration plants periodically contr@rcury levels in flue gases and fly ash in bagrfl.
These measurements are conducted by a specialiedidied organisation. According to these
measurements, mercury emissions with flue gaseh @179 kg/year at WIP # 2 and 0.004 kg/year at
WIP # 4, while mercury levels in fly ash do not e&d 0.1 pg/g. Mercury levels in the ambient airever
estimated with application of OND-86 methodology.

Chapter 7
Hospital waste management

On March 22, 1999, Sanitary Rules and StandardsRiBl) 2.1.7.728-99 were enacted in the Russian
Federation - "Rules of Collection, Storage and Dsspp of Health Care Facilities". These rules are
applicable to all medical facilities and organisat dealing with collection, storage, transportaimd
processing of hospital waste. The regulation catege all hospital waste into 5 classes depending o
associated epidemiological, toxicological and radima hazards. Mercury-containing waste belongs to
Class D. Industrial-like waste (pharmaceutical preparations and disinfectants wipired shelf-life,
waste medical/diagnostic preparations, mercuryainittg items, instruments, equipment, &té.)

Pursuant to Federal Law on Sanitary and EpidemicébdVellbeing of the Population (Law # 52 FZ of
March 30, 1999, Compendium of Legislative Acts loé Russian Federation, 1999, # 14, p.1650) and
Regulations on State Sanitary and Epidemiologitcah&ardisation, approved by Decree # 554 of the
Government of the Russian Federation of June 220 20ompendium of Legislative Acts of the Russian
Federation, 2000, # 31, p. 3295), since June 163,20ew Sanitary and Epidemiological Rules and
Standards were enacted (SanPiN 2.1.7.1322-03pieHy Requirements to Disposal and Neutralisation
of Production and Consumption Waste. The new Rugg approved by the Chief State Sanitarian of the
Russian Federation on April 30, 2083 The due Sanitary and Epidemiological Rules sajieme
requirements to disposal, management, technologpsration regimes and recultivation of centralised
facilities for use, neutralisation and disposaprdduction and consumption waste (items).

In recent years, environmental authorities tightetigeir waste management requirements to medical
facilities. In this connection, medical facilitistarted to conduct inventories of hospital wasteegated
in their operations. Medical facilities generallaimtain reporting on mercury-containing instrumearig

124 hitp:/lwww.waste.ru/modules/section/item. php?itendia
125 hitp:/iwww.tehbez.ru/Docum/DocumShow_DocumiD_56@ih
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preparations, radioactive components, disposabilagas and systems. Such types of hospital waste ar
transferred to specialised facilities for evenutilsation™®.

According to SanPiN requirements, hospital wasta ofass (ilon-hazardous waste)nay be disposed of
to SMW landfills without limitations, while hospltavaste of B classh@zardous waste)or C class
(extremely hazardous waste)should be neutralised by specialised thermal rireat methods
(incineration, pyrolisis, plasma technologtgs)

Incineration of hospital waste

Practices of incineration or hazardous and hospitaste are not broadly applied in the Russian
Federation. In the majority of constituents of tRessian Federation, health care facilities are not
equipped by installations for thermal destructidnhospital waste (incinerators). In 2007, only 263
(0.3%) of hospital waste incinerators were operaiowhile in 2006, 239 such incinerators (0.3%)
operated®,

An approximate composition of hospital waste faineration looks as follows” 74.5% of bandages,
9.3% of plastics, 7.9% of food waste, rubber antdaed3.1% of each type), 1.09% of biological waste
Probability of presence of mercury in such typesvatte is rather low - the waste is usually buoed
incinerated in boilers or crematotia

Small incinerators

Installation of small incinerators in health caeeifities (with associated emission control sysfeias
economically inappropriate. Moreover, applicatidnsmall incinerators entails risks of environmental
contamination by dioxins and heavy metals. Studiesvaste incinerators revealed that dioxins are
generated in combustion and gas cooling zones.cTemissions of different incinerators do not change
in the range of temperatures from 700 to 1500°Ghénrange of gas retention times from 2 to 6 sgson
and in tgﬁ range of oxygen concentrations from 25%. Dioxins are predominantly adsorbed by fly ash
particles™".

In 2000, the European Community introduced stecuirements to waste incinerators. New European
standards prohibit application of small local ilistéons for waste incineration. Waste must be
incinerated within 24 hours from their delivery tioe incinerator. Incinerators must be equipped by
control instruments to monitor temperature, carbod oxygen levels. Operational temperatures must
reach 850°C in the combustion chamber and 1200°tBarafter-burner. Flue gases must be treated to
ensure the following levels of pollutants: dioxix8.1 ng/ni; carbon monoxide <50 mgfmcadmium
<0.05 mg/m; mercury <0.05 mg/f other heavy metals (lead, arsenic) <0.5 nig/m

Nevertheless, the Russian market is filled by déifé installations for incineration of hospital and
biological wast&”?. Many facilities that provide services of hospitghste incineration, do not have
necessary emission permits and their pollution simis substantially exceed relevant MABs

The most high shares of health care facilities wiigdical waste incinerators in the Russian Fedsrati
are observed among hospitals ( 2.7% in 2007, 2r62006), TB dispensaries (1.7% in 2007, 1.3% in

126 hitp://lecomanager.ru/medical waste.phtml

127 http:/Awww.proza.ru/2010/03/01/606

128 hitp:/www.fume.ru/rules/24190.html

129 state of the Environment Report of the RussiareFaibn in 2001. M. 2002 (Rus.)

130 Assessment of Mercury Releases to the Environimemt the Territory of the Russian Federation. Pasdlifor
the Arctic Council. The Federal Environmental, Tiealogy and Nuclear Supervision Service, the DaRBA,
2005.

131 http:/Awww.proza.ru/2010/03/01/606

132 hitp://www. 1stanok.ru/pages/kremator.html

133 hitp://www.new-garbage.com/?id=11819&page=3&part=12
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2006), and surgeries ( 1.4% in 2007, 1.4% in 200@aste incinerators are not used by children's
infarction hospital, children's TB dispensariestemnaity clinics.

In Kotlas (Arkhangelskaya oblast), a hospital wastgnerator with processing capacity of 20 kg/hour
was commissioned in 2006 - from November 2006, #6s of hospital waste were incinerated. Two
other incinerator units were purchased for plarinsthllation in Arkhangelsk and Severodvinsk in 200

In Belgorodskaya oblast, two incinerator units laeéng installed in Belgorodskaya oblast TB clinida
at the landfill of Belgorod - these units wouldoali to collect and neutralise B and C class wasteeafth
care facilities of the city and nearby districtoowy potential construction of incinerators at lahslfis
being considered - these units are expected t@ sawveral districts and utilise waste of B anda€and
classes.

In St. Petersburg, only 5 clinics operate decestdl systems for hospital waste processing. Five
hospitals are equipped by installations for utilea of medical waste.

In Kaliningradskaya oblast, hazardous hospital &a$tB and C hazard classes is processed in a-multi
disciplinary hospital - since 2006, the centralilfgcoperates a waste incinerator unit with capaacf
150 kg/hour.

In 2007, in Kemerovskaya oblast, 3 health cardifies were equipped by waste processing units with
automatic packagers (Kemerovskaya oblast hosimlpblast-level TB dispensary and Novokuznetskiy
TB hospital). There were plans to equip 6 otherampjiblic health facilities by waste utilisationitsnin
2008.

In Krasnoyarsk (Krasnoyarskiy krai), two units foeutralisation of "hazardous" and "extremely
hazardous" (B and C classes) are operated nowe 2B@5, a unit for thermal waste destruction isluse
the unit incorporates an incinerator for high-terapere destruction of solid and biological waste,
including infected hospital waste. In 2006, aridtawaste utilisation unit with an automatic pagka
was commissioned for disinfection of hospital wasteB and C classes - the unit uses treatment by
disinfection agents at temperatures of 150 - 155°C.

In Samarskaya oblast, according to WHO recommemagton switch from chemical disinfection of
hospital waste to thermal destruction, in 2006 07Z2®5 specialised Italian units for thermal dedton
and grinding of hospital waste of B and C hazaess#s were purchased for major health care fasiliti
(one of such units is installed in Tolyatti TB déssary). In addition, 29 smaller units of Czech and
Chinese producers were purchased for district-legspitals and clinics (the latter units use higéspure
steam disinfection).

In Saratovskaya oblast, in the framework of FedBragram for Prevention and Treatment of Socially-
conditioned Diseases, a unit for disinfection o$pital waste of B and C hazard classes was supigied
the oblast.

In Omskaya oblast, the problem of thermal destouctf hospital waste has not been resolved yet. In
health care facilities of rural areas (districtdewospitals, village primary health care faciltiestc.),
boilers or ovens are used from waste utilisatioel(iding utilisation of organic waste). Only twochd
incinerators are used in the oblast - in the ob&aatl hospital and in Omsk Ambulance Hospital # 2.
Other Omsk clinics (including TB and dermatovertag facilities) dispose of their waste of B and C
hazard classes to municipal landfills. The optibreentralised thermal destruction of hospital wdsds

not been addressed yet.

In Kurskaya oblast, 40% of health care facilitieginerate their class B wastes in boilers after
disinfection. Kursk oblast Centre for AIDS Preventiand Treatment is equipped by a muffle furnace.
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Oblast level Children's Infection Hospital consilénstallation of muffle furnaces for destructioh o
medical and biological wasté.

At the territory of the Republic of Adygeya, 2 maffurnaces are used in Giaginskaya Central Distric
Hospital and Maikop City Hospital for destructiohswirgical organic waste (organs, tissues, etahe©
clinics bury such waste in special burial sites.

Some municipalities of Sverdlovskaya oblast utillsespital waste by incineration in boilers and
crematoria and by disposal of to municipal langfill

In Stavropolskiy krai, incinerators for destructiohhospital waste are used in 5 districts (cerdistirict-
level hospitals of Kochubeevskiy and Neftekumskigtritts, Nevinnomyssk Central City Hospital,
Yessentuky Maternity Hospital and Stavropol TB Rispary). Twelve health care facilities use adjliste
ovens for waste incineration purposes.

In Noviy Urengoi (Yamalo-Nenetshiy Autonomous Didly, hospital waste of all health care facilitiss
destroyed in a muffle furnace. Incineration capacftthe furnace is not sufficiently high now, kaa far
no decisions were made to purchase a new highHhzatkerator.

Pyrolisis

Pyrolisis is an alternative to traditional methadsolid waste incineration - pyrolisis-based temlbgies
use preliminary thermal decomposition of organicponents in oxygen-depleted media with further
after-burning of concentrated gas mixtures gendratontrolled after-burning allows to transfornxito
substances to less hazardous ones.

At the Russian market of medical equipment, twoolsis units are offered: Russian "ECHUTO" and
French "Muller*®,

Plasma treatment technologies

In plasma treatment technologies, an inert gas éegpn) is ionised by electric arch at temperatuie
about 6000°C. Hospital waste in plasma treatmeits us heated up to 1300 - 1700°C. The thermal
impact destroys microorganisms and transforms thstevinto melted slag, compact metals and safe
gases.

Low temperature thermal processing

Physical disinfection technologies include thertngatment at 97 - 177°C or combined thermal treatme
with steam/vacuum. Waste may be heated by hot stbaaters, microwave or IR radiation, or by
mechanical impact.

Moscow

Moscow city authorities abandoned their plant tmstauct new waste incineration plants, but they
decided to construct a facility for incinerationesftremely hazardous hospital waste. Moscow geeerat
annually from 100 to 250 thousand tons of hospiabte. According to Stanislav Khramenkov, the
director of the city water utility, every healthredfacility of the city generates about 300 - 4@0of
different waste daily. He told, that "so far, sulfacility does not exist in Moscow, but relevaender
documentation is being developed n&"

134

135 hitp://www.rumex.ru/products/index.php?cat=c717 .html
138 hitp://infox.ru/science/tech/2010/03/17/0sobo_opsga_otho.phtml
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Official data suggest that hospital waste is disdosf to Moscow landfills with food and industrial
wasté®’. Some part of the hospital waste comes to wastimération plants. Organic surgery waste
(organs, tissues, etc.) are usually treated by Ifution of formaldehyde and incinerated in
crematoria.®

Chelyabinsk

According to official sources, hospital waste ofeGfabinsk and Chelyabinskaya oblast is disposed of
municipal landfills. Every year, up to 50 thousands of hospital waste are generated in the Sauther
Urals region. Chelyabinsk alone generates up tot886 of hospital waste annuafly Hundreds of
thousands of surgeries - each one is accompanigeérmsration of up to 3.5 kg of blood-stained matsri

- are conducted in the city and such waste is féisiad by chlorination and disposed of to the ropail
landfill. Environmental Prosecutor Office of Chdbyaskaya oblast many times warned Chelyabinsk
oblast Hospital on severe violations of the duéslagon on management of hazardous hospital waste
The most recent such warning was registered or2ZB09*.

Another problem is associated with disposablenggs. According to the Russian Consumer Protection
Supervision Service, the oblast generates 7 thouses of such waste every month, and only 2 taesli
process it. However, these waste processing fasilito not accept self-locking syringes (in suatingyes
needles retract after injection, preventing reuag}heir technologies allow to recycle only plasti

So far, the oblast authorities managed to purcbagemicrowave units for RR 10 million, however, a
half of clinics that got these units lack even eged premises for their installation - as a reduk,
equipment stays idle. There were plans to buy denasatment installation for the morbid anatompgtde
but no funds were available for the purpose (RRiliom). So far, only one unit for disinfection and
grinding of hospital waste was purchased in ChehsMaya oblast - it will be installed in
Chelyabinskaya oblast Children's Hospftal

Magadan

The problem of utilisation of medical waste in Mdga became more pressing recently in connection
with growing numbers of diverse health care faetitof different ownership forms, resulting in hégh
generation of hospital waste and associated waatagement costg.

Since 01.07.08, a municipal utility of Magadan dealth hospital waste management. In 2007, the city
authorities installed 2 incinerators for hospitaste with treatment capacity of 20 kg/hour.

Now, at the first stage, hospital waste is collédteplaces of generation, according to relevanttagy
rules, after disinfection and packaging into stadgdastic bags. However, some violations of tHegat

the stage of waste collection, storage and utitisadre observed due to lack of necessary rooms and
equipment (containers, sealed cans, etc.). Attdgesof incineration all types of hospital waste aften
mixed with solid household waste.

Inspections revealed some violations in the cowfseollection and utilisation of SMW and hospital
waste. Hospital waste is offer stored in open doata for household waste at the territory of Healre
facilities.

137 hitp://www.narcom.ru/ideas/common/72.html

138 hitp:/www.fumec.ru/rules/24190.html

139 hitp://health.russiaregionpress.ru/archives/daggm9/15/page/2
140 hitp://chelyabinsk.ru/newsline/254870.html

141 hitp://iwww.nr2.ru/chel/179254.html

142 hitp://www.49.rospotrebnadzor.ru/old/news_021208.ht
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There were some cases of untimely utilisation afsatle medical thermometers and UV lamps and their
storage in workplace areas of health care faglitie

Sometimes hospital waste and solid household veastburned at territories of medical facilities.

Chapter 8
Gold refining from concentrates with high mercury mntents

Now, five key sources of mercury emissions in tharse of gold mining operations may be identified.
Associated quantitative indicators depend on typksleposits, available gold reserves, intensity of
mining operations and application of mercury irhtemlogical process&s:

1. Mercury emissions from used rock, tailings, contated soils, infiltration of mercury from these
materials due to surface washout and pollution efewcourses, soils, aqueous and terrestrial
ecosystems.

2. Commonly used practices of secondary exploitatifoartificial alluvial deposits and processing of

tailings of vein/alluvial gold mining.

lllegal application of mercury for enrichment oflgecontaining concentrates and raw materials.

Gold recovery from deposits with naturally elevateercury contents.

Processing of gold concentrates with elevated nmglewels due to natural/industrial causes at gold

refining plants.

ar®

In this Survey we consider only operations of somgold-refining plants, namely: Schelkovskiy
Secondary Precious Metals Plant (Schelkovo, Modayes oblast) and Kolymskiy Refining Plant
(Khasyn township, Magadanskaya oblast). Overadiietare 10 operational plants in the country e
authorised to refine precious metifs.

According to official information, mercury conteritsgold concentrates of refining plants (up to 898
reached 0.2 - 4.0 g/f. Novosibirskiy Refining Plant (the oldest goldinifig plant in the country, that
processed up to 60% of all primary gold productm@fore early 1990s) seems to be the source of
heaviest mercury releases. Due to processing tf agmcentrates and placer gold with elevated migrcu
contents, soils around the plant site contain 0.08.9 mg/kg of mercury. Concentrations of elemsnta
mercury in soil air exceeded local background lewel100 time¥®.

Today, elevated mercury levels in gold concentratay be attributed to natural factors, such asérigh
mercury contents in cyanine process silt, and tsequences of mercury application earlier (in tsec
of processing secondary artificial alluvial depssiind tailings), as well as to contemporary illegal
application of mercury. It is impossible to assegserall mercury emissions associated with refinifig
gold concentrates as quantities of different cotvesgs (placer gold, ingots, cyanide process eitt,)
and associated mercury levels are not known.

143 Assessment of Mercury Releases to the Environimemt the Territory of the Russian Federation. Pasdlifor
the Arctic Council. The Federal Environmental, Tiealogy and Nuclear Supervision Service, the DaRBIA,
2005.

144 Tereshina T.O. Geography of Russian Gold Industry / Communicatiohithe Moscow University. Series 5.
Geography, 2000, # 4, p. 27-33. (Rus.)

145 Order of the Precious Metals Dept. under the UEBEncil of Ministers # 124 of 29.2.88. On TerminatiUse
of Mercury (Amalgamation) in Technological Procese&Enrichment of Gold-containing Ores and Alldvia
Deposits. (Rus.)

146 Roslyakov N.A., Kirillova O.V. Mercury Pollution of the Environment in the CoutgeGold Mining in Russia //
Chemistry for Sustainable Development, 1995, # 33g55. (Rus.)
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In recent years, some attempts were made to ass®ssiry releases associated with gold mining and
processing operatiol$. However, these estimates were rather rough, merdbey relied on past gold
mining structure and technologies applied (with dation of alluvial gold deposits).

Kolymskiy Refining Plant

Address: Khasyn township, Magadanskaya oblast,i&uss
phone: (41322) 2-7440.
fax: (41322) 2-7440.

"Kolymskiy Refining Plant" Co. operates in the sghef precious metals refining since 1998. The
company is included into the List of Organisatidnghorised to Refine Precious Metals. The analytica
laboratory of the plant is accredited in the systdnsimilar laboratories of Russia. The plant proeki
refined precious metal in ingots (under GOST 2888828595-90) and in pellets (under TU 1753-
33954329-001-2000, 1752-33954329-002-2000). That pésasures minimal unrecoverable losses of
precious metals in production processes.

From 1998 to 2000, the plant exported 25 tons gh lgrade refined gold in ingots (under GOST 28058-
89). The technological equipment of the plant alaw produce 35 tons of pure gold from both high
grade and low grade raw products. In 2000 - 206&, glant commissioned a technological line for
processing of silver from intermediate silver produsupplied from new silver and gold deposits dpein

put into exploitation in Magadanskaya oblast.

In 2007, the plant accepted for processing 1538 t precious metal, including 23.6 tons of gdid(
times higher than in the previous year - 14.5 toasyl 130.2 tons of silver (5.8 times higher tmathie
previous year - 22.4 tons).

Raw products to the plant are predominantly sudpbg mining companies: "Magadan Silver" Co.,

"Omsukchanskaya GGK" Co., "Nelkobazoloto" Co., "&laeem Mine" Co., "Susumanzoloto" Co.

"Chukotskaya GGK" Co. is the key supplier of tharpl- from May to September 2008, the company
supplied 8.5 tons of gold and 89.8 tons of sileethie refining plant.

In 2002, Magadanskaya oblast Prosecutor Office foadd“® that "Kolymskiy Refining Plant" Co.
operated its melting shop since November 2002awithofficial commissioning of a hazardous indutri
facility and without a license. The prosecutor ebwnotifications to the company managers and the
territorial office of the RF Technical Supervisi&ervice, accusing the latter body in lack of aeysit
control over facilities under its supervision.

"Kolymskiy Refining Plant" Co. and the Khasynskiistdict Administration had signed an agreement
stipulating that the plant disposes of its wagte.(Mn; Cu; Hg and Zn) and maintains its tailinghgan
due conditions while the district administratioaintains control of its operatiot{3

Schelkovskiy Secondary Precious Metal Plant

Address: 141100, Moskovskaya oblast, Schelkovo,AL@3rechnaya St.
phone: 495-526-4904

147 Roslyakov N.A., Kirillova O.V. Mercury Pollution of the Environment in the CoutgeGold Mining in Russia //
Chemistry for Sustainable Development, 1995, # 33g55.;Yagolnitser M.A., Sokolov V.M., Ryabtsev AD. et al.
Assessments of Industrial Mercury Emissions in &b Chemistry for Sustainable Development, 1905¢ 1-2.
p. 23-35. (Rus.)

148 hitp://genproc.gov.ru/documents/orders/document-13/

149 hitp://www.ecoindustry.ru/news/view/3894.html
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Production activities:
e processing of primary and secondary products coimigi precious metal, including waste
electronic equipment and photographic waste;
e production of refined gold and silver in ingots ajrenules;
« production of diverse unique silver salts and pas/d®

The plant monitors emissions of NO-M¥OXx , SQ, CO, HCI.

In 1992 - 2006, the plant mainly processed scraptenic components of military hardware, circuit
boards, mixed electronic waste, obsolete compueipenent, switches, transistors and glass insidator
Main valuable elements of electronic waste includiad Ag, Cu, Al, Fe, Ni, Pb, Sb, platinoids andhet
metals.

Detailed studies of composition of different typgselectronic waste and analysis of the statistilzh

obtained allowed to subdivide these types of waste 6 groups depending on their origin (see Table
7.1

Table 7.1

Categories of electronic waste depending on origin

Metals, |Group
% (mass). |1 2 3 4 5 6

Scrap electronic compone|Circuit  |Mixed Computer SwitchesTransistors an

of military hardware boards [|electronic wastgomponents glass insulators
Gold 0.08 0.27 0.02 0.31 0.01 1.00
Silver 0.43 2.50 0.18 2.89 0.2( 0.20
Copper 21.11 23.04 18.60 12.00 33.00 1.31
Aluminium 15.20 15.40 14.60 17.61 13.70 32.78
Iron 7.15 12.30 10.20 7.45 35.26 22.50
Nickel 2.14 3.25 2.85 2.20 1.0 1.25
Lead 3.15 2.80 2.25 0.85 3.97 0.96
Tin 12.41 1.40 4.70 1.23 4.00 1.25
Platinoids 0.70 0.90 0.02 0.15 0.0p 0.11
Other 37.63 38.14 46.58 55.31 8.81 38.64

The plant specialists had developed and introdeceéechnology for hydrometallurgical processing of
electronic waste with selective recovery of presiggold, silver) and non-ferrous metals (copper, ti
zinc). The new technology allowed to reduce envitental pressures. A similar technology was also
introduced in "V.N. Gulidov Krasnoyarskiy Non-feu®Metal Plant" Co.

In addition, specialists of Schelkovskiy plant lteVeloped technological specifications for desigaro
electric cylindrical rotary furnace for incineratiof scrap electronic waste. The furnace with eirgy
capacity of 75 - 80 kg of electronic waste perrheas designed, manufactured and commissioned.

The plant also developed technological specificatifor design of an arc smelting furnace with air
blowing for production of copper from electronic ste (copper concentrates precious metals). EPZ-1.5
(1.5 MW) continuous action furnace was designedjufectured and commissioned

150 hitp://iwww.chem.msu.su/rus/books/analitika/1.html
151 hitp://ivak.ed.gov.ru/common/img/uploaded/fileshaatdouncements/techn/2009/30-11/LoleytSI.doc
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The plant introduced a pyrometallurgical technolégrycomprehensive processing of electronic waste -
the technology allowed to improve recovery of gdiver, platinoids, copper and other non-ferrous
metals, and to enhance production capacity ofetleriological equipment?

JSC "Prioksky ITpuokckuii non-ferrous metal enterprise’391303, Kasimov, Riazan

region

Director General: Alexandr Boguslavsky

Tel: +7(49131)32000

pzcm@zvetmet.ru
http://zvetmet.ru/index.php?option=com_content&taskw&id=13&Itemid=28

Maximum allowable estimated capacity on refining:
Gold - 260 t/year

Silver — 2500 t/year

Platinum— 15 t/year

Palladium — 15/year

Information on leading of estimated capacity in 0%:
Gold — 12,2

Silver — 3,5

Platinum- 2,0

Palladium - 2,5

List of main activities:

- refining;

- production and realization of standard and siveni;

- production and realization pbwders and chemical compounds of precious metals in the form of
solutions;

- pry waste of precious and ferrous metals repsicgsa.

CONCLUSIONS

In the course of collection and analysis of infotima on mercury emission sources in Russia, we
analysed data on the following industrial faciktie

Coal-fired thermoelectric plants (TEPS)

Coal-fired TEPs of "Mosenergo" Co.:

TEP-22 (Dzerzhinskiy)

Installed power generation capacity, MW 1310
Electric energy generation, million kwh (data oD3) 8726.7
Installed heat energy generation capacity, Gcat/hou 3606

Heat energy production Gcal (data of 2008) 8818.1

TEP-17 (Stupino)

Installed power generation capacity, MW 192
Electric energy generation, million kWh (annual) 654.575
Installed heat energy generation capacity, Gcat/hou 712
Heat energy production Gcal (annual) 528.426

152 hitp://ivak.ed.gov.ru/common/img/uploaded/fileshaatdouncements/techn/2009/30-11/LoleytSI.doc
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Coal-fired TEPs of "Fortum" Co.:

Argayashskaya TEP (Ozersk)
Installed capacity: 195 MW electric power, 576 Gualir heat energy.

Chelyabinskaya TEP-1 (Chelyabinsk)
Installed capacity: 149 MW (electric), 1341 Gcalihbeat energy.

Chelyabinskaya TEP-2 (Chelyabinsk).
Installed capacity: 320 MW (electric), 956 Gcal/hou

Krasnodarskaya TEP (Krasnodar)
Generating capacity of Krasnodarskaya TEP: 1 milk@/

Coal-fired TEPs of "Irkutskenergo" Co. : Novoirkutskaya TEP (Irkutsk),

The overall installed generation capacity of thenpany reaches 12.9 GW of electric power (including
over 9 GW of hydroelectric generation capacity) 480 Gcal/hour of heat energy. In terms of cagacit
and production, the company's generating faciliies able to generate more than 70 billion kWh of
electric power and up to 46 million Gcal of heatrgy.

Magadanskaya TEP(Magadan)
Installed generating capacity: 96 MW (electric pow210 Gcal/hour (heat energy).

Chlorine-alkali production facilities

"Kaustik" Co. (Volgograd)

Products 2005 (thousand®006 (thousandl shares in 2005 (%) shares in
tons) tons) 2006 (%)

sodium hydroxidg 210 216 18 18

(solution)

sodium hydroxide solid | 67504 63510 62 60

Mercury emissions were calculated according taMiethodology for Estimation of Air Concentrations of

Hazardous Substances from Industrial Emission 88U{©ND-86, the All-Union Standard, approved by
the State Committee for Hydrometeorology in 1986 agreed by the Public Health Ministry), the

Manual on Setting Discharge (Emission) Limits (amed in 1989), Recommendations on Compiling and
Maintenance of Emission Limits for Industrial Féads (issued in 1989), and the Methodology for
Estimation of Discharge Limits for Substances Withstewater Flows (recommended in 1991).

The facility uses the following instruments for gtitative analysis of emissions:
¢ RA-915 atomic adsorption spectrometer;
* Yulia-5 atomic adsorption spectrometer.

"Plascard" Co. Ltd. (Volgograd)
Annual rated production of the facility: 90,000 $onf PVC-S. In 2008, the facility reached record
production output levels - 93,793 tons of PVC-SI 86,279 tons of VCM.
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"Khimprom" Co. (Volgograd)

Products 2005 (th. tons) 2006 (th. tons)| 2008 (th. tons) 2009 (th. tons)
caustic soda solution 87 90 no data available @ aleailable
caustic soda solid 5768 7115 no data available at® available
VC no data available no data available 21.7 22.7

Mercury emission control (methods, instruments):Photometry, the method for determination of mass

concentrations of mercury dichloride in industeatissions of "Khimprom" Co.

"Sayankhimplast" Co. (Sayansk, Irkutskaya oblast)

Year 1997 2002
Caustic soda production (tons) 51800 121500
Mercury losses absolute (t)| specific absolute (t)| specific
(kglt (kg/t
NaOH) NaOH)
- emissions with ventilation exhaust and off-gases 0.653 1.26 18 0.238 1.96 16
- waste burial (brine and wastewater treatmentgayd | 10.360 0.20 22.908 0.189
- released in products 0.031 5.98'10 | 0.080 6.6 10
- mechanical losses in soils 13.377 0.258 47.687| 39.
- discharges to water bodies no data available an® alvailable
TOTAL 24.421 | 0.471 70913 | 0.583

Cement plants

Voskresenskiy cement plan{Voskresensk, Moskovskaya oblast)

Production capacity: 1 million tons/year.

In 2001, the annual production reached 1.3 miltams of cement.

Schurovskiy cement plant(Kolomna, Moskovskaya oblast)

Production capacity: 0.33 million tons/year.

Sebryakovskiy cement plantMikhailovka, Volgogradskaya oblast)

Production capacity: 2.4 million tons/year.

"Uraltsement” Co. (Korkino, Chelyabinskaya oblast)

Production capacity: 2.3 million tons/year.

Magadanskiy cement plant(Magadan)
Production capacity: 0.15 million ton/year

Angarskiy cement plant(Angarsk, Irkutskaya oblast)

Installed capacity: 2.1 million tons

Spasskiy cement plan{Spassk-Dalniy, Primorskiy Krai)

Production capacity: 3.4 million tons

Non-ferrous metallurgy facilities

Chelyabinskiy zinc plant (Chelyabinsk)
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According to data of April 29, 2010, in 2009, Gredinskiy zinc plant produced 119.9 thousand tins
Special High Grade zinc and alloys or by 20% lesamaratively to 2008 (150 thousand tons).

"Karabashmed" Co. (Karabash, Chelyabinskaya oblast)
Copper production in 2000 - 2001 (thousand tons)

Industrial facility |Copper 2000 2001 2002
"Karabashmed" Blister copper 36.4 41.7 42.4
Co.

In 2001, "Karabashmed" Co. produced more than A84gand tons of copper concentrate.

Kyshtymskiy copper electrolysis plant(Kyshtym, Chelyabinskaya oblast)
Copper production in 2000 - 2001, thousand tons

Industrial facility Copper grade 2000 2001 2002
"Kyshtymskiy Refined copper 77.7 82.1 76.3
Copper Electrolysig

Plant" Co.

In 2001, "Kyshtymskiy Copper Electrolysis Plantd.(oroduced more than 124 thousand tons of copper
concentrate.

Waste incineration plants

Moskovskiy WIP # 3 (Moscow)
Incineration capacity: 360,000 tons SMW/year (4%sthour)

M oskovskiy WIP # 2 (Moscow)
Incineration capacity: 160 thousand tons/year

Solid municipal waste neutralisation plant # 4 if'Rudnevo” industrial zone (Moscow)
Annual waste processing capacity: 250 thousand tons of unsegregated SMW

Incineration of hospital waste -analysis of situation in different regions of Rassi

Metal refining plants

Kolymskiy metal refining plant (Khasyn township, Magadanskaya oblast)

The technological equipment of the plant allowgptoduce 35 tons of pure gold from both high grade
and low grade raw products. In 2007, the plant pigckfor processing 153.8 tons of precious metal,
including 23.6 tons of gold (1.6 times higher tharthe previous year - 14.5 tons), and 130.2 tdns o
silver (5.8 times higher that in the previous ye&@?2.4 tons).

Schelkovskiy Secondary Precious Metal Plant

In 1992 - 2006, the plant mainly processed scraptelnic components of military hardware, circuit
boards, mixed electronic waste, obsolete compueipenent, switches, transistors and glass insidator
Main valuable elements of electronic waste includiad Ag, Cu, Al, Fe, Ni, Pb, Sb, platinoids andet
metals.

JSC "Prioksky Ipuokckuii non-ferrous metal enterprise"Maximum allowable estimated
capacity on refining:

Gold - 260 t/year

Silver — 2500 t/year

Platinum— 15 t/year

Palladium — 18/year
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In the course of analysis of available publishethdae submitted information requests to the Federal
Environmental, Technology and Nuclear Supervisi@mviee of the Russian Federation, the Federal
Service for Consumers Protection and Human Weltard,to chief managers of the facilities surveyed.

The analysis of available information suggests that selected facilities are or may be sources of
mercury emissions.

However, information supplied by these faciliti@edording to the due environmental legislationythe
are obliged to maintain technological/laboratorywimmental control) does not confirm the above
assumption.

A few examples:
Subsidiaries of "Fortum" Co. in Chelyabinskaya oblast

In response to our request on use of mercury-agntairaw materials and control of mercury emissions
by "Fortum" Co. subsidiariegCoal-fired TEPs of "Fortum"Co.: Argayashskaya TEP (Ozersk),
Chelyabinskaya TEP-1 (Chelyabinsk), ChelyabinskegR-2 (Chelyabinsk)), the deputy Chief Engineer
of the company, V.N. Kargapolov answered: "The pany does not maintain any production processes,
that stipulate application of mercury or mercurydzining raw materials. There are no sources of
mercury emissions”. In addition, V.N. Kargapolowesiiied: "Raw materials of the company include
solid and gaseous fuel. Adverse impacts of operatid "Fortum" Co. subsidiaries on the ambienteér
associated with emissions of coal and gas combugiroducts”.

According to our data, three surveyed TEPs of 'lialt Co. (Argayashskaya TEP, TEP-1 and TEP-2)
use coal as a fuel. Coal is supplied from mine£élyabinskiy lignite coalfieldsThe above TEPs
consume annually about 3.3 million tons of coal whit average mercury content of 0.05 mg/kgThe
mercury extraction with the coal reaches about @h7

According to V.N. Kargapolov, "all our subsidiariesaintain individual certified laboratories, that
control emissions on sources according to contobledules, stipulated by draft emission limits".
However, our data suggest that draft ELs of "Foftu@o. subsidiaries do not stipulate limits for
emissions of mercury vapour. Laboratories of "FoittuCo. subsidiaries have not been certified in the
oblast for determination of mercury emissions. Asesult, it is hardly appropriate to claim lack of
mercury emissions by facilities that do not maimta&levant monitoring.

A similar response was provided by chief managérdlavoirkutskaya TEP - they argued that the
power plant "does not use mercury-containing neeland does not have any mercury emissions”.
However, published sources, referred to in this/&grsuggest that the TEP was designed to usadigni
from Eastern Siberia coalfields (with average meraontents from 0.005 to 0.02 g/ton of lignite).

None of the surveyed cement plants does not momtercury emissions in the course of their
technological (laboratory) environmental controlecggions. For example, according to R.G.Snyatkov,
the Director General ofKolymatsement" Co., mercury is not listed among hazardous substances
emitted from production operations of the plant. akeady noted in this Survey, in cement and lime
production processes, mercury releases in the eoofsthermal treatment of carbonates and clay
materials. At high temperatures mercury evaporatekescapes with flue gases. Nevertheless, Russian
cement plants do not measure/estimate mercury iemésd/NVe failed to find any data on actual efficgn

of mercury capture by filters installed at Russiament plants.

None of the surveyed non-ferrous metallurgy fde#itmonitors mercury levels. We received response
letters from "Karabashmed" Co., "Kyshtymskiy coppéectrolysis plant” Co., "Mednogorskiy copper
and sulphur plant" Co. and "Uralelektromed" Co. Séhacilities produce blister and electrolytic cepp
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All of these facilities, according to published sms, including the report of the Federal Environtak
Technology and Nuclear Supervision Service andémish EPA>® are sources of mercury emissions.

However, data submitted by production facilitiesrttselves, suggest the opposite situation. For ebeamp
according to A.P. Rybnikov, the Director GeneraM#dnogorskiy copper and sulphur plant, "the plant
does not use mercury-containing raw materials"sdtinds strange as the plant processes copper
concentrates, copper ores and slag, producingeblipper and sulphuric acid. The plant processes
copper concentrate from Mongolian "Erdenet” Concéabout 40 thousand tons), and copper
concentrates of Gaiskiy Ore Clarifying Plant). cbpper pyrite ores of Gaiskiy deposit mercury cotge
reach 1 - 90 git’. In copper concentrates from Erdenetiyn-Obo dépdébngolia) mercury contents
reach about 1.2 gf.

Mednogorskiy copper and sulphur plant processeparogres by smelting in shaft furnaces with further
converting of copper matte. The production techggplstipulated production of elementary sulphur from
exhaust gases of shaft furnaces. Electrostatergilare used for treatment of exhaust gases otessel
and convertors. In the course of roasting of coppecentrates, 80 - 90% of mercury evapdraten the
course of treatment of exhaust sulphur-containiageg, mercury is partially captured with particesat
(mercury levels in dust reach 15 - 560 g/t), andigiédy comes with gases to the sulphur acid proidnc
shop. Table A shows estimates of mercury emissanms mercury distribution within Mednogorskiy
copper and sulphur plant. Besides that, about 1008teecury come to sulphur acid.

Table A

Production of blister copper at Mednogorskiy copgel sulphur plant.

Producer Blister Hg input Hg Hgin Hg in slag Hg
copper with raw emissions sludge (tons) discharges
(thousand materials (tons) (tons) to the sewer
tons) (tons) (tons)
Mednogorskiy  coppe 23.9 1.43 0.124 0.394 0.029 0.022
and sulphur plant

We received a similar response from "Uralelektrom€d. According to the Chief Engineer of the
Company V.V. Ashikhin: "production processes ofdlglektromed" Co. include application of blister
copper and scrap copper, that do not contain merde do not monitor mercury emissions".

153 Assessment of Mercury Releases to the Environimemt the Territory of the Russian Federation. Polifor
the Arctic Council. The Federal Environmental, Tiealogy and Nuclear Supervision Service, the DaRBIA,

2005.

154 Ozerova N.A. Mercury and Endogenic Ore Formation. - M.: Naul@86l - 232 p. (Rus.).
155 Assessment of Mercury Releases to the Environimemt the Territory of the Russian Federation. Pasdlifor
the Arctic Council. The Federal Environmental, Tiealogy and Nuclear Supervision Service, the DaRBA,

2005.

156 Bobrova L.V., Kondrashova O.V., Fedorchuk N.V. Economy of Geological Survey for Mercury, Antimoayd

Bismuth. M.: Nedra, 1990. 156 p. (Rus.)
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It is worth to note that "Uralelektromed" Co. puoés electrolytic coppef. The facility processes
blister copper from smelters of the Urals regiorsihastantial part of the blister copper is produitech
copper concentrates of Krasnouralskiy and Srediediyaore clarifying plants, that process primarg®

of Safianovskiy copper deposit) and its own secondapper (anode sludge and external scrap copper
and copper alloys). High levels of mercury in cappees of Safianovskiy deposit are confirmed by the
State Balance of Mineral Resources of the Russiaefation.

Differences in reported data of mercury-emittingilfdes themselves and information of published
sources suggest that the majority of Russian ptamuéacilities do not control their mercury emizss.
They lack certified laboratories for mercury enwssicontrol. Mercury is not included into plans of
measures to control compliance with emission lirgtiss).

Lack of references to mercury sources and mercsirg pollutant in draft Emission Limits (ELs), draft
Discharge Limits (DLs) and Waste Disposal Limits ) suggests that mercury escapes from the
system of pollution control and monitoring at thiage of issuance of pollutant emission/discharge
permits by the Federal Environmental, Technologgt &luclear Supervision Service. Every particular
industrial facility maintains technical regulatiofeg particular technologies applied - these reties

list all existing emission/discharge sources of fheility and pollutants that are released to the
environment due to its production operations.

Unfortunately enough, at the stage of developméntaft ELs, DLs and WDLs, some pollution sources

and some pollutants are not accounted for. A fgchias incentives to avoid including mercury (an

extremely hazardous substance) into draft ELs, B¢ WDLs, as its environmental charges and fines
depend on amounts of pollutants released andehgironmental hazard classes.

At the base of draft ELs, DLs and WDLs, the Feddfalvironmental, Technology and Nuclear
Supervision Service issues permits, that specifyima permitted pollutants emissions, discharges an
waste disposal limits for every particular pollutand for every particular facility. Naturally, adility is
obliged to provide reliable information on pollutiGources and individual pollutants to the Federal
Supervision Service. However, in the course daiasse of pollution permits, the Federal Supervision
Service is obliged to check accuracy of the facdidata (e.g. to cross-check them against teahnic
regulations, material balances and raw materisis)li

By the end of the reporting year, the facility sgp its actual annual emissions, discharges arsiewa
disposal in Form 2 TP. Should reported data imFarTP exceed planned ones in draft ELs, DLs and
WDLs, the facility must pay environmental fees éxcessive pollution or a fine.

In Russia, the State Committee for Hydrometeorolisgyesponsible for state monitoring of air quality
water quality in natural water bodies, etc. (lab@ma control), including control of mercury. Howeye
the control is selective.

In the course of state environmental supervisi@edqaling to the Regulations of the Federal Serioce
Supervision of Natural Resources Use, approved egrée # 400 of the Government of the Russian
Federation of July 30, 2004), the Service supesvisel controls compliance with the due environnienta
legislation of the Russian Federation, includingidkative acts on air quality protection and waste
management. In the course of its inspections, #1gi& may use additional analytical data of ciedif
laboratories that were issued certificates forvaté measurements by the State Committee for Teahni
Regulation (the State Committee for Standardisatiblowever, such studies are conducted rarely, in
exceptional cases only.

157 Assessment of Mercury Releases to the Environimemt the Territory of the Russian Federation. Pasdlifor
the Arctic Council. The Federal Environmental, Tiealogy and Nuclear Supervision Service, the DaRBHA,
2005.

158 Mineral Resources of the World in early 1999 @#i publication). - M.: FGUNPP .Aerogeologia, 200011
p. (Rus.)

80



Once in two years, the Federal Service for Supienvisf Natural Resources Use is obliged to conduct
scheduled inspection of an industrial facility teeck its compliance with pollution permits issuece- to
check actual emissions and discharges against Eks/Do check compliance with scheduled
environmental control measures, especially in tseof facilities that handle substances of 1stZati
hazard classes. However, provided substantiategleams of residents or legal entities (e.g. schaols
other facilities nearby), accidents or other emecigss, a relevant Prosecutor Office may order an
emergency inspection.

Facilities themselves report their emissions ifythannot hide them, such as emission of chlorikkakal
plants. However, according to our information, ucls cases they do not comply with the Manual for
Sampling of Pollutants in Emissions of IndustrisdcHities (lack of equipped sampling points for
emission control purposes). These facilities onasure emissions in exhaust gases of emissionotontr
installations, other fixed emission sources aremonitored and are not equipped by sampling points.
Chlorine-alkali facilities do not register inputcaoutput gas flows of emission control installaicras a
result, it is impossible to estimate actual emissiof pollutants quantitatively. In particular, aéstik"

Co. does not monitor mercury pollution levels is $anitary protection zone; the company categorised
mercury-containing sludge after wastewater treatroperations as 4th hazard class waste and dipose
off it with industrial and municipal waste.

As one expert of the Russian Technical SuperviSiervice said: "All these facts are fairly natues,the
state policy in the sphere did not require mangad@ata reporting. In any case, even if a facil&yfdund
to exceed its emission limits, its managers priefepay a minor fine instead of investing real mpmgo
modernisation of production equipment and pollutontrol installations”.

In the course of development of the Survey, we cambe conclusion, that Russian facilities remontly
emissions of substances that are listed in theis Bhcuments. If mercury is not listed in ELs, its
emissions are not measured and controlled. Gepgeiralbrmation on mercury emissions is reportedyonl
by facilities that use mercury in their technol@jiprocesses, such as chlorine-alkali plants. fasilthat
process burnt fluorescent lamps are obliged tosiflathem as 1st hazard class materials according t
specialised legislative acts on waste proces&htiger facilities, that use or process raw materatha
mercury impurities, are obliged to report mercumissions and include mercury into their environraént
reporting according to requirements to industriavienmental control (Article 67 of Law of
Environmental Protection). The Russian Technicgle®Bvision Service is obliged to control compliance
with the above requirements, namely - by requesdifagcility to submit its material balance (the das

its technical regulations). However, actually faigis do not submit reporting on mercury arguingtth
they do not deal with mercury-containing raw maleti The Russian Technical Supervision Service
doest not require industrial facilities to provigdditional evidence of accuracy of their reportitaga, the
Service relies on submitted draft ELs only in tbarse of issuance of relevant permits.
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