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1. Executive summary

Mercury is a naturally occurring element, and is regulated by a number of European rules. Elemental mercury (Hg(0)) is the only metal in liquid form at room temperature. Mercury is an extremely rare element in the earth's crust. It is found either as a native metal (rare) or in cinnabar, corderoite, livingstonite, and other minerals, with cinnabar (HgS) being the most common ore. The metal is extracted by heating cinnabar in a current of air and condensing the vapour. Mercury is used in various industry and in products commonly consumed. At present, some mercury applications are limited or forbidden. Mercury is emitted into the environment from a number of natural as well as anthropogenic sources. In contrast with the other heavy metals, mercury and many of its compounds behave exceptionally in the environment due to their volatility and capability for methylation. Mercury is outstanding among the global environmental pollutants of continuing concern. Mercury contamination of water is caused by production processes and major uses, followed by various manufacturing processes and uses. The main route of water contamination with mercury is the direct and indirect discharge from point sources. The most important sources of direct emissions to water are dental amalgam use, chlor-alkali plants, power plants, ferrous and non-ferrous industries along with waste disposal. The Material Flow Analysis for mercury is presented in the figure below (Figure 1).
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Figure 1. MFA diagram for Hg in Europe in 2000 (numbers in tonnes/year)

Options for reducing mercury emissions into water comprise source control options in particular and end-of-pipe options of water treatment technologies. These abatement measures are presented below.

Table 1 shows possible emissions abatement measures related to the most weighing sources of mercury emissions to water.

Table 1. Emission sources and possible emission abatement measures



Sources



Large Combustion

Plant
Iron & steel production
Non-ferrous

metal
Uses






Chlor-alkali
Measuring & control

equipment
Electric products
Pharmaceuticals
Dental 


Source control









Process
Recycling and reuse
X
X
X







Pre-treatment of waste water from technological process
X
X
X
X






Run-off management
X
X
X
X





Substitution
Chlor alkali substitution



X






Dentistry materials substitution







X


Electric products substitution





X
 



Management
Separated collection, recycling and save disposal 




XP
XP
XP



Good management practices



XPC
XPC
XPC
XPC
XPC


End-of-pipe









Air
Air deposition reduction
X









Crematoria – emission reduction techniques







X

Water general
Optimisation of basic wastewater treatment

X
X
X
X
XP
XP
XP



Ion exchange
X
X
X
X
XP
XP
XP


Water special 
Membrane filtration
X
X
X
X
XP
XP
XP



Nanofiltration







X


Riverse osmosis
X




X
X



Electrochemical techniques






X


Note: X – available measure, XP – producer, XC – consumer.

Table 2 presents the evaluation of source abatement measures.

Table 2. Assessment of source abatement measures


Assessment
Remarks reduction potential 

Measure / source
Technical feasibility
Performances
Costs
State of the art


Source control






Recycling and reuse (ferrous and non-ferrous industries LCP)
Total score: +
Total score: ++
Total score: ++
Total score: ++
-
low


Pol.: point source

Cmp.: high

Imp.: low

Lim.: specific processes
Eff.: high

En.: low

CE: low

W: low
IC: medium

OC: medium


St: BAT

App: large


Pre-treatment of wastewater from technological processes
Total score: ++
Total score: ++
Total score: +?
Total score: ++
-
high regional or local - older plants


Pol.: point source

Cmp.: high

Imp.: medium

Lim.: low
Eff.: high

En.: medium

CE: medium

W: medium
IC: high

OC: mediun


St: BAT

App: large


Run-off management
Total score: +
Total score: ++
Total score: +
Total score: ++
-
moderate on regional/local level


Pol.: diffuse

Cmp.: medium

Imp.: low

Lim.: no
Eff.: medium

En.: no

CE: no

W: no
IC: high

OC: low


St: BAT

App: large


Chlor alkali substitution
Total score: ++
Total score: ++
Total score: +
Total score: ++
-
high regional and local level


Pol.: point source

Cmp.: high

Imp.: low

Lim.: no
Eff.: 100%

En.: reduction of energy

CE: no

W: low
IC: high

OC: low
St: BAT

App: medium


Dentistry materials substitution
Total score: ++
Total score: ++
Total score: ++
Total score: ++
-
moderate on global/ regional scale 


Pol.: diffuse

Cmp.: low

Imp.: no

Lim.: low
Eff.: 100%

En.: no

CE: no

W: no
IC: low

OC: low
St: existing

App: common


Crematoria – emission reduction techniques
Total score: +
Total score: +
Total score: +
Total score: ++
- moderate on  regional level 


Pol.: diffuse

Cmp.: medium

Imp.: low

Lim.: low
Eff.: high

En.: low

CE: no

W: waste
IC: medium

OC: low
St: in same country BAT

App: low


Electric products substitution
Total score: ++
Total score: ++
Total score: +
Total score: ++
- generally low moderate on regional/local scale


Pol.: diffuse, point source

Cmp.: high

Imp.: medium

Lim.: restriction for same applications
Eff.: 100%

En.: energy reduction

CE: no

W: no
IC: low

OC: low
St: regulation

App: large


Separated collection, recycling and save disposal
Total score: ++
Total score: ++
Total score: ++
Total score: ++
- moderate/low on regional/local scale


Pol.: diffuse,

Cmp.: high

Imp.: medium

Lim.: low
Eff.: depends on product (50 – 95%)

En.: low

CE: positive other aspect

W: no additional
IC: low

OC: low
St: regulation

App: large


Good management practices
Total score: ++
Total score: ++
Total score: +
Total score: ++
- low important for older plants


Pol.: diffuse, point source

Cmp.: no

Imp.: no

Lim.: no
Eff.: high

En.: no

CE: no

W: no
IC: very low

OC: no
St: BAT, standards regulation

App: large


End-of-pipe

Optimisation Basic wastewater treatment

Total score: ++
Total score: +
Total score: +
Total score: ++
- moderate,

mostly implemented improvements in older plants 


Pol.: point source

Cmp.: low

Imp.: low

Lim.: no
Eff.: > 95%

En.: medium

CE: need chemicals use

W: medium
IC: high

OC: low
St: BAT

App: large


Ion exchange
Total score: ++
Total score: +
Total score: ++
Total score: ++
- high on local scale and specific situations


Pol.: point source

Cmp.: low

Imp.: low

Lim.: depends on effluence quality
Eff.: > 99%

En.: medium

CE: low

W: medium
IC: medium

OC: low
St: BAT

App: ?


Membrane filtration
Total score: ++
Total score: +
Total score: ++
Total score: ++
- high on local scale specific situations


Pol.: point source

Cmp.: low

Imp.: low

Lim.: depends on effluence quality
Eff.: > 99%

En.: medium

CE: low

W: low
IC: medium

OC: low
St: BAT

App: ?


Electrochemical techniques
Total score: ++
Total score: +
Total score: ++
Total score: ++
- low


Pol.: point source

Cmp.: no

Imp.: no

Lim.: depends on effluence quality
Eff.: > 99%

En.: medium

CE: low

W: low
IC: medium

OC: low
St: BAT

App: ?


Scores (five levels): – – for very bad; – for bad; o for average; + for good; ++ for very good;

Sub-criteria (with possible values): Pol. = Type of pollution (point source, diffuse); Rge = Range of concentration (small, medium, wide); Lim. = Limits and restrictions (low, medium, high); Cmp. = Complexity of implementation (low, medium, high); Imp. = Impact on the process, on the factory (low, medium, high); Eff. = Efficiency of emission reduction (in %); Oth. = Removal of other pollutants (list of other pollutants removed); En. = Consumption of energy (no, low, medium, high); CE = Cross-effects (list of cross-effects); W = Production of waste (list of waste); IC = Investment costs (no, low, medium, high); OC = Operational costs (no, low, medium, high); St. = Status of the technique (BAT, existing, emerging); App. = Number of applications (none, some, numerous).
2. Introduction

The overall objective of this document is the inventory and assessment of technical options for reducing the water emissions of mercury in Europe. Options include end-of-pipe techniques (e.g. wastewater treatment) and process-integrated technical options (e.g. substitution or closed-circuit operation). The document aims to identify main uses and emission sources for mercury and to assess in terms of costs, effectiveness, and feasibility the technical means to abate emissions in water. It has been developed to give stakeholders a background material and an overview of possible reduction options at the European scale in the perspective of future emission reduction strategies to be developed.

The document is a result of project SOCOPSE, which is a European research project funded by the EU 6th framework program for research. The goal of this project is to support the implementation process of the Water Framework Directive by providing guidelines and decision support system for the management of priority substances.

The scope of the document is the pollution in continental waters. It covers the most important sectors responsible for direct and indirect emissions, discharges and losses to aquatic environment in Europe. Therefore, the control of pollution to air and land is out of the scope, and polluted air and land will be considered only as potential sources of pollution to water.

The document was prepared as follows. The identification of main uses and emission sources for mercury was achieved in a separate project task based on literature review and expert judgement. As concerns the assessment of technical options, a literature review was conducted on both existing and emerging options to abate emissions to water. At the same time a survey was carried out with the main contributors to emissions to evaluate the options applied or considered in practice. Both information sources were compared and compiled in a first draft document which then was sent to stakeholders and debated during a one-day technical workshop. A second draft document included the workshop remarks. The final document takes into account the results of case studies conducted at the latter stages of project SOCOPSE.

Survey questionnaire, list of contacted organisations and list of participants to workshop are attached in appendices.

The document plan is as follows. Section 3 gives general information on mercury. Section 4 presents results on main uses and emissions of the substance. Section 5 reviews the technical options to reduce emissions, with a synthesis in Section 6. Section 7 concludes the document, including acknowledgements in Section 8 and references in Section 9.

3. General information

3.1 Presentation of the substance

Mercury is a heavy, slivery transition metal is liquid at or near room temperature and pressure. Mercury is an extremely rare element in the earth's crust, having an average crustal abundance by mass of only 0.08 parts per million. However, because it does not blend geochemically with those elements that comprise the majority of the crustal mass, mercury ores can be extraordinarily concentrated considering the element's abundance in ordinary rock. At 20 oC, the vapour pressure of the metal is 0.17 Pa, and a saturated atmosphere at this temperature contains 14 (g/m3 of mercury [Gavis and Fergusson, 1972]. Physical properties of mercury are following [Handbook of Chemistry and Physics, 1987]:

· density – 13.534 g cm-3 (liquid),

· atomic weight – 200.59,

· melting point – 234.32 K (-38.83 oC),

· boiling point – 629.88 K (356.73 oC),

· critical point – 1750 K, 120,00 MPa,

· heat of fusion – 2.29 kJ mol-1,

· heat of vaporisation – 59.11 kJ mol-1,

· heat of capacity – 27.983 J mol-1 K-1 (at 25 oC).

Mercury dissolves to form amalgam with gold, zinc and many metals. When heated, mercury also reacts with oxygen in air to form mercury oxide, which then can be decomposed by further heating to higher temperatures. Since it is below hydrogen in the reactivity series of metals, mercury does not react with most acids, such as dilute sulphuric acid, though oxidizing acids such as concentrated sulphuric acid and nitric acid or aqua regia dissolve it to give sulphate and nitrate and chloride. Similar to silver, mercury reacts with atmospheric hydrogen sulphide. Mercury even reacts with solid sulphur flakes, which is used in mercury spill kits to absorb mercury vapours (spill kits also use activated charcoal and powdered zinc).

Mercury occurs in deposits throughout the world and it is harmless in an insoluble form, such as mercuric sulphide. Mercury is a toxic and persistent metal with significant adverse effects on the environment and human health. It is poisonous in soluble forms such as mercuric chloride or methyl mercury. Mercury is produced and is used in various industrial and commercial applications. Table 3 shows chemical identity of mercury and its selected compounds.

Table 3. Identity of mercury and its selected compounds

Substance
Formula
CAS #
EINECS #

Mercury

Mercury dichloride

Mercury dinitrate

Dimethyl mercury
Hg

HgCl2

Hg(NO3)2
Hg(CH3)2
7439-97-6

747-94-7

10045-94-0

539-74-8
231-106-7

231-299-8

233-152-3

209-805-3

Mercury enters the environment as a pollutant from various industries: coal-fired power plants, industrial processes, incineration of waste, medical application and laboratory work involving mercury compounds.
3.2 Classification and labelling

European Chemical Substances Information System (JRC, 2007) gives the classification for mercury and its selected compounds, according to the criteria set up in the amended Annex VI of Directive 67/548/EEC (last amendment: Directive 2001/59/EC). Mercury and its selected compounds are not listed in apriority list as foreseen under Council Regulation (EEC) No 793/93 on the evaluation and control of the risks of existing substances.

Mercury and most of its compounds are extremely toxic and are generally handled with care, in cases of spills involving mercury (such as from certain thermometers or fluorescent light bulbs) specific cleaning instructions should be used to avoid toxic exposure [US EPA, 1997]. It can be inhaled and absorbed through the skin and mucous membrane, so containers of mercury are securely sealed to avoid spills and evaporation. Heating of mercury, or compounds of mercury that may decompose when heated, should always be carried out with adequate ventilation in order to avoid exposure to mercury vapour. The most toxic forms of mercury are its organic compounds, such as methyl mercury.

Table 4 gives the meaning of the indications of danger, the toxic to reproduction classification, the risk phrases (R-phrases), and the safety phrases (S-phrases) for mercury and its selected compounds.

Table 4. Toxic categories for mercury and its selected compounds

Classification/

Labelling
Meaning
Hg
HgCl2
Hg(CH3)2

 + T
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: Toxic
Yes
Very toxic
Very toxic

+ N
[image: image4.png]



: Dangerous for the environment
Yes
Yes
Yes

Risk Phrases + R23
Toxic by inhalation.
Yes



+R26/27/28
Very toxic by inhalation, in contact with skin and if swallowed.


Yes

+R28
Very toxic if swallowed.

Yes


+ R33 :
Danger of cumulative effects.
Yes

Yes

+R34
Causes burns.

Yes


+R48/24/25
Toxic: danger of serious damage to health by prolonged adverse effects in contact with skin and if swallowed.

Yes


+ R50/53 :
Very toxic to aquatic organisms, may cause long-term adverse effects in the aquatic environment.
Yes
Yes
Yes

Safety Phrases
+ S1/2: Keep locked up and out of the reach of children.
Yes
Yes
Yes


+ S7 : Keep container tightly closed.
Yes




+S13: Keep away from food, drink and animal feeding stuffs.


Yes


+S28: After contact with skin, wash immediately with plenty of ….(to be specified by the manufacture).


Yes




+S36: Wear suitable protective clothing.


Yes


+S36/37/39: Wear suitable protective clothing, gloves and eye/face protection.

Yes
Yes


+ S45: In case of accident or if you feel unwell, seek medical advice immediately (show the label where possible).
Yes


Yes


Yes




+ S60: This material and its container must be disposed of as hazardous waste.
Yes
Yes
Yes


+ S61: Avoid release to the environment. Refer to special instructions/Safety data sheets.
Yes
Yes
Yes

3.3 Regulations and controls for the substance

Mercury is regulated by a number of European rules. The Water Framework Directive [2000/60/EC], so-called WFD, including the final Decision 2455/2001/EC identifies mercury as a priority substance, which means this substance has been shown to be of major concern for European waters. As a priority substance, mercury is subject to controls for the progressive reduction of discharges, emissions and losses (article 16.6 of WFD). Moreover mercury is subject to a review for identification as possible priority hazardous substance (annex X of WFD).

In its communication COM(2006) 397 final, the Commission has recently made a formal proposal for directive which addressed the review issue and also fixed some environmental quality standards. The proposal identify mercury as a priority hazardous substance and sets environmental quality standards for it (Table 5). At this point, either the European Parliament or the Council has not adopted the proposal for directive. It is important to mention that in case of metals the surface water EQSs refer to the dissolved concentration rather than the total.

Table 5. Environmental quality standards in surface waters for mercury 
[COM(2006) 397 final]

AA-EQS
MAC-EQS

Inland surface waters
Other surface waters
Inland surface waters
Other surface waters

0.05 μg/L
0.05 μg/L
0.07 μg/L
0.07 μg/L

Note:
AA-EQS stands for annual average - environmental quality standards
MAC- EQS for maximum allowable concentration - environmental quality standards.

It is important to mention that in addition to surface water EQSs, COM (2006) 397 final also specifies limit of 20 (g/kg (wet weight) for methylmercury in aquatic biota. In addition to the WFD the Groundwater Directive [2006/118/EC] has been recently adopted and established a regime that sets groundwater quality standards with measures to prevent or limit inputs of pollutants into groundwater. Mercury is concerned by this directive; compliance with the threshold values to be established by the member countries. For comparison, the World Health Organization accepted for drinking water a guideline value of 1.0 μg/L [WHO, 2004].

Up to now there is no Best Available Technique (BAT) dedicated specifically for mercury in the BREF documents under the IPPC Directive [Directive 96/61/EC]. There are some BAT related to mercury in many BREFs; for instance in BREF for: waste treatments industries, waste incineration, common waste water and waste gas treatment / management systems in the chemical sector, large combustion plants, chlor-alkali manufacturing industry, or production of iron and steel.

Mercury is the subject of international conventions and legislation. The following conventions take into account the problem of mercury contamination:

· The 1998 Protocol on Heavy Metals under the UNECE Convention on Long-Range Transboundary Air Pollution (LRTAP);

· The OSPAR Convention for the Protection of the Marine Environment of the North-East Atlantic;

· The Helsinki Convention on the Protection of the Marine Environment of the Baltic Sea Area;

· The UNEP Mediterranean Action Plan (MAP);

· The Basel Convention on the Control of Transboundary Movements of Hazardous Wastes and their Disposal.

Currently European Commission is developing the Mercury Strategy which aims at reduction of mercury use and mercury emissions to the environment. The review of the current status of the EU policy and state of the problem is presented in the Table 6.

Table 6. Overview of European policy concerning mercury and its results

Possible focus of control
Present/forthcoming EU measures
Quantification
Trend

Use of mercury in the chlor-alkali industry
The mercury cell process is not BAT under the IPPC Directive
Consumption of about 95 tonnes/y in EU 15
Declining as mercury cells are phased out

Use of mercury based dental amalgam
No control of the use, but EU waste legislation covers the fate of amalgam waste
About 70 tonnes/y used in EU 15
Conflicting assessments suggest increasing and decreasing trends

Use of mercury in measuring equipment
No present controls. Under discussion under Directive 76/769 Commission also present proposals for including electrical/electronic medical devices and monitoring/control instruments under Directive 2002/95. In July 2007, the European Parliament approved a ban on mercury thermometers and other mercury instruments for general sale to the public. A two-year exemption is foreseen for barometers
.
About 26 tonnes/y used in EU15
General decline but still major user in relative terms in the foreseeable future

Use of mercury in electrical equipment and lighting
Directive 2002/95 requires substitution of mercury in electrical and electronic equipment by 1.7.06. Exemptions for fluorescent lamps to be reviewed every 4 years
About 21 tonnes/y used in EU 15 for lighting and 25 tonnes/y for other electrical control and switching applications
Declining

Use of mercury in batteries
Mercury content limited by Directives 91/157, 98/101. Since January 2000, the marketing of batteries and accumulators containing >0.0005% Hg by weight is prohibited.  Button cells containing up to 2% Hg by weight are exempted
.
About 15 tonnes used in EU15 in 2000
Probable gradual rise in use of button cells.

Use of mercury in laboratory 
None
Low use relative to others
Probably declining.

Use of mercury in pesticides and biocides
Prohibited by Directive 79/117 and 98/8
Virtually zero (mercury tracers only)
Should be stable at virtually zero

Use of mercury in pharmaceuticals vaccines eye drops
None
Very low levels of use
Probably declining as some alternatives to use mercury are available for some purposes

Use of mercury in cosmetics
Marketing prohibited in EU by Directive 76/768 Limited exception for eye make-up
Virtually zero (mercury tracers only) for most products used in the EU


Coal combustion in power plants above 50 MW
IPPC and Directive 2001/80 (no specific mercury controls in Directive 2001/80 but some mercury removed alongside other pollutants).


Responsible for about 38% of EU27 mercury emissions to air in 2000


Emissions presently decreasing due to IPPC and LCP Directives plus reduced coal use. EU Energy Outlook expects use of solid fuels to fall until 2010, then rise to 2030. Overall risk of increased mercury emissions, although this will depend on fuel used and level of abatement

Paints antifoulant agents
Mercury substances may not be used in marine anti-fouling paints (as well as in wood preservation, textile treatment, industrial water treatment
). prolong the shelf-life of interior latex paint



Coal combustion below 50MW (small combustion plants and residential use)
None
Responsible for about 35% of EU 27 mercury emissions to air in 2000
Declining

Metal industry
IPPC Directive and Directive 84/156. New EQS under Directive 2000/60 would also apply 
About 8 tonnes/y to air from IPPC installations in EU 15, plus 0.5 ton/y to water
Emissions should decline with application of IPPC

Chlor-alkali industry
IPPC Directive and Directive 82/176. Any new EQS under Directive 2000/60 would also apply
About 4-5 tonnes/y to air and 0.5-1 tonne to water in EU 15
Emissions declining and mercury cells will be eventually phased out

Cement production
IPPC Directive
About 2.6 tonnes/y to air in EU 15
Emissions should decline with application of IPPC

Production of basic organic chemicals
IPPC
About 2 tonnes/y to air in EU 15
Emissions should decline with application of IPPC

Waste incineration 
IPPC and waste incineration Directive
About 1 tonne/y to air in EU 15
Emissions declining

Waste landfill
IPPC and Landfill Directive and Directive 84/156
About 125 kg/y direct to water and 387 kg/y indirect to water in EU 15
Emissions should fall as less mercury in waste enters landfills and landfill standards rise

Mineral oil and gas refineries
IPPC Directive
About 1.1 tonnes/y to air in EU 15
Emissions should decline with application of IPPC

Phosphorous fertilisers
Directive 84/156 requires programs to avoid or eliminate pollution caused by discharges from diffuse pollution sources
About 11 tonnes of mercury ws applied to EU 12 agricultural land in 1989
Slight decline

Spreading of sewage sludge on agricultural land
Directive 86/278 and Directive 84/156. Revision of Directive 82/678 already planned
About 4.3 tonnes of mercury brought to the agricultural soil in EU in 1999
Increasing production of sewage sludge due to the urban wastewater Directive

Cremation
None

Several Member States have national legislation. Also, there is an OSPAR recommendation
 encouraging contracting parties to ensure that the operators of crematoria apply BAT to prevent the dispersal of mercury into the environment, and giving examples of techniques that could be used.
1 tonnes/y in 9 countries (BE D, DK, NL, SE, UK, N, Swiss, FR); some countries report cremation as the biggest point source of mercury emission For example, up to 16% of all mercury emitted in the UK comes from crematoria and this is expected to increase to 25% by 2020 without action.
Emissions from crematoria are likely to increase in importance as other sources decline and may become one of the most important point sources (if no action is taken). Increases in numbers of mercury fillings and cremation in some countries. About 1.3-2.2 tonnes in EU citizens’ fillings – largest store behind chlor-alkali industry

Legislative initiatives are undertaken of the EU governing bodies including European Parliament. The European parliament's resolution asks the EU to take more radical steps than those envisaged in a strategy on mercury issued by the European Commission. It calls for:

· A ban on exports from the EU as soon as possible and at the latest by 2008;

· Compulsory separate collection and treatment schemes for all mercury-containing products;

· Legislation to cut down emissions of mercury from crematoria and coal-fired power stations;

· Local air quality limits and national emissions limits;

· An investigation into the health impact of ethyl mercury in vaccines "with a view to restriction of such use and a total ban";

· Proposals from the Commission to restrict the use of mercury in dental amalgam;

· Measures to ensure safe storage of mercury no longer needed by the chemicals industry, with minimum standards and penalties for infringement;

· Encouragement to the other main mining countries, Algeria and Kyrgyzstan, to phase out exports;

· Promotion of gold-mining techniques that do not use mercury.

3.4 Natural background

Mercury occurs in all media of the environment. The background values of mercury are presented in the Table 7.

Table 7. Mercury Levels in the Environment

Compartments
Levels (measured as mercury)


Typical global
Rural Netherlands
Elsewhere

Air
1-4 ng/m3 (rural)

20-50 ng/m3

1.5-2.0 ng/m3 (UK)

Soil
0.03-0.15 mg/kg dw
0.3 mg/kg dw
Rural: 0.03-0.06 mg/kg dw

Urban: 0.09-0.16 mg/kg dw (means, Germany)

0.033-0.058 mg/kg dw (Polish regions)

Groundwater (>10m depth)
0.5-15 ng/L
50 ng/L (dissolved)

60 ng/L (total)
98% sites < 100 ng/L

Surface water
0.01-6 ng/L (dissolved - rivers)

2-12 ng/L (dissolved - lakes)

0.04-0.8 ng/L (methyl mercury - lakes)
0.3 mg/kg dw


Sediment
0.2-0.4 mg/kg dw

Mean: 0.3 mg/kg dw

Main river lake means:

<0.05-0.28 mg/kg dw

Sea water
0.05-3ng/L

0.2-4ng/L (North Sea)

Marine sediment
0.2-0.4 mg/kg dw



In surface water average of country annual average concentrations of mercury in 1995 was 0.1 (g/l of mercury. In less polluted areas, for example in Nordic countries, concentrations of cadmium and mercury are reported only as low as 1 % of these values.. The situation of mercury in the year 1995 is presented in the figure below (Figure 2).
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Figure 2. Mercury concentrations in European waters

According to FOREGS database soils background values of mercury concentrations in Europe are as follows: in topsoil are in the range 0.005-1.35 mg Hg/kg dw and the mean is 0.061 mg Hg/kg. Subsoil levels of mercury are in the range of 0.002-0.93 mg Hg/kg dw and mean concentration around 0.035 mg Hg/kg. Mercury concentrations in stream sediments are reported in the range of 0.00074 mg Hg/kg up to 13.6 mg/kg with the mean value around 0.081 mg Hg/kg dw. The map bellow presents the mercury concentrations in Europe according to FOREGS database.
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Figure 3. Mercury concentrations in Europe: topsoil. FOREGS data

3.5 Risk assessment

Ecological and health risk of mercury depends on the chemical form in which it occurs. The most important is the methyl mercury compound which is produced in the environment in anaerobic conditions. Exposure estimates for mercury are presented in the Table 8.

Table 8. Exposure Estimates for Methyl mercury and Percentage (%) of Total Exposure Based on Adults in the General Population

Exposure source
Exposure Estimate

(mg/kg day)
Percent of Total Exposure

Ambient water intake
4.3x10-9
0.005%

Drinking water intake
4.3x10-8
0.061%

Nonfish dietary intake
4.3x10-5
0.0%

Freshwater estuarine fish intake
4.3x10-5
70.6%

Marine fish intake
4.3x10-9
29.3%

Air intake
4.3x10-9
0.005%

Soil intake
4.3x10-9
0.001%

Total intake
4.3x10-8
100%

Assessing the risk from different anthropogenic sources it is shown that currently the risks are low on global and regional levels. The risk alleviation can be expected only on a local scale.

Risk characterisation of the use of mercury in the main product groups: dental amalgam, batteries, discharge lamps, measuring (and control) equipment and electrical control and switching equipment shows that further risk reduction measures (over and beyond those already planned) would not be required on the basis of the risk assessment alone. However, it is recognised that there is widespread concern over the presence of mercury in the environment and a desire to further limit the potential impacts of mercury usage
. 

4. Production, uses and emissions

4.1 Production and uses

a) Production

The two main routes of mercury production are primary production and recycling. Primary production of mercury is generally achieved by extracting, crushing, and heating cinnabar (HgS). In Europe, the mercury ore was extracted in three important cinnabar mines: Idrija in Slovenia (closed), Mt. Amiata in Italy (closed in 1982), and Almadén in Spain (mining activities closed, only recycling activities). Other primary production comes from other metal processing including gold, silver, and zinc, where mercury represents a by-product.

Secondary production consists in recycling products containing mercury such as batteries, fluorescent lamps, and industrial wastes.

Nowadays, most of the mercury produced in Europe comes from recycling. Europe is currently the largest exporter of metallic mercury, selling about 1,000 tonnes per year, compared with an overall global supply of 3,600 tonnes per year (RPAL, 2002).
b) Uses

After manufacturing, mercury is used as commercial product and raw material for production of various mercury compounds (e.g. mercury dichloride, mercury dinitrate, mercury sulphate and organic compounds). In particular, mercury is used in chlor-alkali plants, in paints as preservatives or pigment, in electrical switching equipment and batteries, in measuring and control equipment, in mercury vacuum apparatus, as a catalyst in chemical processes, in mercury quartz and luminescent lamps, in the production and use of high explosives using mercury fulminate, in copper and silver amalgams in tooth-filling materials.
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Figure 4. Mercury consumption in the EU

4.2 Emissions

a) Environmental fate

Mercury is released to the atmosphere, aquatic environment, and terrestrial environment. The natural global bio-geochemical cycling of mercury is characterized by degassing of the element from soils and surface waters, followed by atmospheric transport, deposition of mercury back to land and surface waters, and sorption of the compound to soil or sediment particulates. Mercury deposited on land and open water is in part revolatilized back into the atmosphere. Particulate-bound mercury can be converted to insoluble mercury sulphide and precipitated or bioconverted into more volatile or soluble forms that re-enter the atmosphere or are bioaccumulated in aquatic and terrestrial food chains.
Mercury emitted to the environment usually stays on the surface of sediments or soil and does not move through the soil to groundwater. Note that mercury and its inorganic compounds may be converted into mercury organic compounds. Mercury associated with soils can be directly washed into surface waters during rain events. Surface runoff is an important mechanism for transporting mercury from soil into surface waters, particularly for soils with high humic content.

The assessment of atmospheric emissions is more advanced and accurate than the assessment of discharges to the two other compartments of the environment Atmospheric deposition of mercury from both natural and anthropogenic sources has been identified as an indirect source of mercury emission to soil and sediments. Major portion of atmospheric emissions of Hg in Europe is deposited with wet and dry deposition to aquatic and terrestrial surfaces in Europe. If atmospheric deposition is not counted as a source of the aquatic and terrestrial discharges, then the releases of Hg to the atmospheric and aquatic environment in Europe seem to be comparable and at the level of 200 – 250 tonnes each year. Releases to the terrestrial environment seem to be somewhat higher, possibly up to 350 tonnes per year
. Within Europe (both EU and non-EU countries), it has been estimated that the total anthropogenic emissions have reduced from 860 t/year in 1980 to about 340 t/year by 1995 due, largely, to acombination of improved emission control measures and changes in industrial processes (EC, 2001b). In the EU, the most recent estimate for natural emissions is of the order of 200 t/year (EC, 2001b). Mercury is released to cultivated soils through the direct application of inorganic and organic fertilizers (e.g., sewage sludge and compost), lime, and fungicides containing mercury. Once in the atmosphere, mercury is widely disseminated and can circulate for years, accounting for its wide-spread distribution.

b) Emission sources

Natural sources of atmospheric mercury include volcanoes, geologic deposits of mercury, and volatilisation from the ocean. Although all rocks, sediments, water, and soils naturally contain small but varying amounts of mercury, scientists have found some local mineral occurrences and thermal springs that are naturally high in mercury.  For information, in early 90s, Lindquist (1991) estimated global natural emissions of Hg at 3,000 t/y against 4,500 t/y for global human emissions.
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Figure 5. MFA diagram for Hg in Europe in 2000 (numbers in tonnes/year)

Table 9 presents the main emission sources of mercury to air, land, and water, including for water the direct and indirect routes.

Table 9. Mercury and its compounds emissions to air, land, and water

Compartment
Sources
Importance
[% of total Hg emissions to the atmosphere in Europe, 2000]

Air
Combustion of fossil fuels
47.6


Cement production
12.6


Primary (smelters) non-ferrous metal production
6.5


Secondary non-ferrous metal production
Very low emissions


Iron and steel production, including coke production
5.2


Major uses of mercury
About 17


Waste disposal – incineration
4.8


Crematories
Very low


Road transport and Other mobile sources and machinery
Very low

Compartment
Sources
Importance
[% of total Hg emissions to the land in Europe, 2000]

Land
Land-filling of various food and agriculture wastes
10


Land-filling of urban refuse
Low


Municipal sewage sludge application
5


Disposal of wastes from various manufacturing processes except food
10


Disposal of fly ash and bottom ash from power plants and waste incineration
30


Wastage of commercial products on land
10


Atmospheric deposition to terrestrial ecosystems
30

Compartment
Sources
Importance
[% of total Hg emissions to the water in Europe, 2000] 

Water
Direct emissions



Domestic Waste disposal – waste treatment plants central WWTP, non-central WWTP
8


Combustion of fossil fuels, incl. cooling tower waters
35


Base metal mining and dressing
Low contribution


Primary non-ferrous metal production – hydrological technology
Low


Iron and steel production
Low


Manufacturing processes: metals, chemicals, petroleum products
25


Major uses of mercury: dentistry, chlor-alkali production
Low


Road transport and Other mobile sources and machinery
Very low


Agriculture related sources
Very low


Atmospheric deposition to European seas and their catchments
25


Sediment re-suspension
Probably low

As shown in Table 9, major sources of mercury to water are combustion of fuels to produce electricity and heat and disposal of wastes. Impact of these sources on aquatic environment is indirect through air deposition and leaching from landfills. Those sources are taken into account in the strategy only in general terms. The waste management and air deposition are the subject of separate policies and it is recommended to take into account the water issue in defining the options. In this document technological options for sources emitting directly to water are discussed.

Emissions to air and contamination with mercury can have impact on water on a local and a global scale For curbing mercury emissions to air several effective technologies exists and new are under development. For land contaminated with mercury there exists two main methods: thermal desorption method and stabilisation/solidification technology. For water and sediment remediation capping, dredging and natural attenuation are applied [Wang et al., 2004].

Combustion of fuels to produce electricity and heat and disposal of wastes seem to be the major sources of mercury measured in the environment, followed by various manufacturing processes. These sources should be in focus when discussing the technological and non-technological measures for emission and exposure reduction of mercury in Europe.

The following sectors are taken into account:

· Combustion of fossil fuels, including cooling tower waters;

· Manufacturing processes:

· metals,

· chemicals,

· Major uses of mercury:

· dentistry,

· chlor-alkali production,

· Primary non-ferrous metal production;

· Iron and steel production;

· Municipal waste treatment plants.

5. Options for reducing emissions: detailed information

5.1 Source control options

a) Process oriented options

Here are described the measures for limiting the emissions of mercury by producers in various production processes including the limitations of surface runoff, the control of point source pollution and the implementation of good housekeeping practices. Most of the relevant producers and users are covered by Directive IPPC.

(i) Improvements and control of Industrial processes

· Description of the phenomenon

Waste water contaminated with mercury and its compounds is generated in various technological processes in industrial sectors: chemical industry processes, ferrous and non-ferrous metals (production of copper, lead, zinc and cadmium, production of precious metals, production of mercury, production of refractory metals, production of ferro-alloys) and ferrous (pig iron) and coke production. Improvements in the production technologies can result in essential reduction of the mercury emissions to water. Mercury occurrence and amount in the liquid effluent and the achievable emission values differs for the individual process.

Emissions reduction of mercury depends on the ways to reduce the volume of wastewater, the practice of recycling water and the effluent treatment type: in a local or central wastewater treatment plant (presented in chapter 5.2).
· Mitigation measures

Based on the relevant BREFs document there can be distinguished main technological approaches such as closed water cycles, pre-treatment, drainage system design, management of raw materials. The technologies for large combustion plants (LCP), and ferrous and non-ferrous metal industries is presented in Table 10.

Table 10. Good practice and technology improvements in industrial processes

Mitigation measure
Large Combustion Plants
Non-ferrous industry
Ferrous industry

Recycling of the process water
Cooling waters recycling
Mercury, lead, cadmium and copper production process water return
Pig iron production process waters

Reuse of the process water
Re - use of the effluents in Flue Gas Desulphurisation units
Direct and indirect cooling water, electrolysing, thermal processes, hydrometallurgy
-

Drainage system design
Separation of waste water destination for further treatment

Pre-treatment of technological water
Elimination of biocides based on mercury compounds, decarbonisation process  

Pre-treatment of wastewater from technological process
Simple treatment units: sedimentation, precipitation, filtration, neutralisation and advanced techniques as reverse osmosis

Management of the raw material
Design of the storage facilities for fuel and chemicals
Not applicable
Not applicable

Regime and control of the processes
Commonly used effluent control

Quality of the feeding material
Fuel with low Hg content 

Pre-treatment of raw material (coal physical cleaning)
Usage of ore with low/moderate Hg content 
Removal of Hg at the peletizing plant- Coal and ore with low Hg content 

Management of by-products and wastes
Fly ash management, wastes from desulphurisation of fuel
Fly ash wastes management

Type of abatement system
Optimised wet-type flue gas cleaning system. Carbon injection into flue gases



Run-off control
Paved areas around installations with drainage system

Sources: BREFs

· Technical feasibility

Implementation of mitigation measures depends on the process characteristics. For example the returning of water to technological process is restrained by the changes in the water parameters. The technical feasibility of identified mitigation measures for preventing mercury pollution  from industrial processes is presented in Table 11.

Table 11. Technical feasibility of technology improvements and good practices in industrial processes

Mitigation measure
Large Combustion Plants
Non-ferrous industry
Ferrous industry

Recycling of the process water
Commonly used
Electrolyses and hydrometallurgy sealed systems
Depends on the process

Reuse of the process water
Depends on the processes

Drainage system design
Good technical practice

Pre-treatment of technological water
Commonly used

Pre-treatment of wastewater from technological process
Generally it is good practice. Improvements require new additional technological unit or process

Regime and control of the processes
Good practice relatively easy to implement, require additional monitoring  and  control equipment

Quality of the feeding material
Require new technological unit and process or market availability of the Hg low content feeding material

Management of by-products and wastes
Good practice: relatively easy improvements in storage facilities and transport

Type of abatement system
Wet scrubber installed. Older plants can be retrofitted. Hazardous sludge can be produced

Run-off control
Relatively easy technically, require appropriate design of the surface sealing and drainage

Sources: BREFs

· Performance

The presented below (Table 12) options are assessed according to the potential impact on the reduction of process water contamination with mercury on plant scale. Implementation of BAT techniques gives a high level of efficiency in reducing mercury content in wastewater discharged. The BAT requires complex approach concerning all processes including cooling and water run-off. The mercury concentration in effluents depends also on the initial mercury content in raw materials and reagents.

Table 12. Technical performance of technological improvements and good practices in industrial process (plant scale)

Mitigation measure
Large Combustion Plants
Non-ferrous industry
Ferrous industry

Recycling of the process water
Reduce the potential of mercury contaminated waste water discharge

Effectiveness depends on the process  and particular situation at the plant

Reuse of the process water


Drainage system design


Pre-treatment of technological water
Substitution of  mercury containing biocides in cooling systems

Pre-treatment of wastewater from technological process
Effectiveness depends on the process and the current technological status of the plant


Regime and control of the processes


Quality of the feeding material
Impact on emissions to air (varies 0-64% of Hg removal)
 cross media issue arise
Depends on mercury concentration in the ore, cross media issue arise

Management of by-products and wastes
Highly effective
Effectiveness depends on the process

Type of abatement system
Wet systems generate additional wastewater; cross media issue arise

Run-off control
Depends on the particular situation at the plant

Sources: BREFs, authors assessment

· Costs

Costs of implementing the mitigation measures varies depending on type of industry, type and scale of production. Costs of the mitigation measures are process flow sheet specific and from the business point of view they can vary from very costly to financially feasible. Some general assumptions can be draw out on the base of the type of action to be taken. They are presented in the Table 13.

Table 13. Costs of technological improvements and good practices in industrial process

Mitigation measure
Large Combustion Plants
Non-ferrous industry
Ferrous industry

Recycling of the process water
Costs usually incurred in the overall technology

In retrofitting of the plant investment and operational costs depends on the process

Reuse of the process water


Pre-treatment of wastewater from technological process


Regime and control of the processes


Quality of the feeding material
Additional investment and operational costs
. 

Management of by-products and wastes
Additional investment costs and operational costs

Type of abatement system
Additional investment and operational costs
 

Run-off control
Depends on the particular situation of the plant

Sources: *BREF

· State of the art

All options are BAT according to the following BREFs: Large Combustion Plants, non-ferrous industry, ferrous industry. These technologies are being implemented in the operating facilities. The information is included in EPER system.

(ii) Technology improvements and good practices in Chlorine industry

· Description of the phenomenon

Mercury cell technology is one of the main technologies applied for chlor-alkali production besides diaphragm and membrane cell electrolysis. In the process the mercury is used in electrolysis. The mercury process results in emissions to air, water and production of  contaminated wastes. Mercury cell plants are now being phased out due to BREF requirements and chlor –alkali industry policy. Many of the sites have a problem with groundwater pollution, due to the Hg leaching down from contaminated soils. Soil contamination is basically inevitable and is always encountered, sometimes even underneath the concrete floor of the cell room.

· Mitigation measures

Best Available Techniques
 specific to mercury cell plants include conversion to membrane technologies, which is presented in this chapter b in (i) and improvement in the existing mercury cell according to IPPC requirements.
Improvement in mercury cell technology - BAT approach

During the remaining life of mercury cell plants, all possible measures should be taken to protect the environment as a whole including management and process control, waste management, and decommissioning. Good process management measures are presented in Table 14.

Table 14. Improvement in mercury cell technology
Mitigation measure

Use of equipment and materials and, when possible, a lay-out of the plant (for example, dedicated areas for certain activities) that minimise losses of mercury due to evaporation and/or spillage;

Good housekeeping practices and motivation of personnel to work in such a way;

Good maintenance routines including planning of periodical maintenance and repair works;

Collection and treatment of mercury-containing gas streams from all possible sources, including hydrogen gas;

Minimising the amount of waste water and treatment of all mercury-containing waste water streams;

Reduction of mercury levels in caustic soda.

Sources: BREF

Decommissioning of the mercury cell-plants should be carried out in a way that prevents environmental impact during and after the shutdown process as well as safeguarding human health.

· Technical feasibility

This option require mostly training and improvements in operations.

· Performance

The best performing mercury cell plants are achieving total mercury losses to air, water and with products in the range of 0.2-0.5 g Hg per tone of chlorine capacity as a yearly average. Water process emissions is calculated as 0.004-0.055 g Hg/tonne chlorine capacity [Report Euro Chlor, 2007].

There can also be considerable emissions of mercury with run-off water. The soil at many sites is contaminated with mercury due to deposition of diffuse emissions and/or historical disposal of mercury-contaminated wastes. The mercury leaches from the soil and ends up in the run-off water. One of the important measure is management of mercury contaminated wastes. Fulfilling the BAT requirements in that aspect is generally sufficient in achieving the environmental goals on local scale. The technological improvements has moderate influence (mostly indirect) on the reduction of mercury emissions to water.

· Costs

There are not additional operational costs and the investment costs are relatively low.

· State of the art

Improvements in the technology can be viewed as a transition solution substituted in the future by the membrane technology. Figure 6 presents changes in mercury emission to water from chlor-alkali industry [report Euro Chlor, 2007].
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Figure 6. Changes of mercury emission to water in the period 1985 – 2006 
[report Euro Chlor, 2007]

Enzymatic reduction of Hg(II) to water insoluble Hg(0) is possible by mercury resistant strains of Pseudomonas culture. Although a 99 % removal efficiency of mercury is possible, addition of a activated carbon filter allows for remaining concentration in the order of 10 (g/L. Treatment costs - about 25 US $/m3 [Cyr et al, 2002].
b) .Product-oriented options

Mercury is used in various applications. Product oriented policies has been implemented to phase out use of mercury based products in individual consumption e.g. thermometers, in industry and in medicine. The important uses are presented in Table 15.

Table 15. Overview of uses

Type of use
Substitution
Good practices and techniques

Wiring devices and switching equipment
Feasible with exemptions There are no technical obstacles to replacing electrical components, conventional relays and other contacts
Waste management, separate collection, recycling requirements

Measuring and control equipment
Exists without any loss of accuracy or reliability e.g. thermometers pressure gauges, pressure switches and pressure transmitters. Three main technologies are used: flexible membranes, piezoelectric crystals and other sensors, and fiber-optic pressure sensors, based on light transmission. 
Waste management, separate collection, recycling requirements

Dental equipment and supplies silver and copper amalgams
various possible substitutes. Option of replacing of the amalgam at dentist  and removal at death is also taken into account
Best Management Practices implementation including treatment of dental wastewater and amalgam separators.
Issue of emissions from crematoria


Pharmaceuticals
Exist, is required by law and applied for selected uses
Wastewater treatment from hospitals and from production plants

Electric lighting luminescent lights
Feasible with exemptions (no Hg-free alternatives yet for fluorescent lamps
) Low pressure xenon-lamps and argon-nitrogen fluorescent lamps are potential mercury-free alternatives, but at the research stage

Waste management: separate collection and recycling. Mercury can be recovered and recycled from spent lamps. Recycling systems should be operated under negative pressure to minimise emissions to the atmosphere.

Laboratories mercury: vacuum apparatus
Excluding use in school laboratories, Restriction of use and substitution in professional laboratories 
Waste management – special collection system, good house keeping 

Paints/pigments
Required by law, feasible with exemptions and applied
Waste management, separate collection and recycling

Batteries
Feasible with exemptions, possible limitation of Hg content in the product
Waste management, separate collection and recycling

For example: Best Management Practices (BMPs) for the management of mercury within hospitals might involve:

· Use of alternatives for products that contain mercury;

· Recycling of mercury-containing products when they can no longer be used;

· Correct handling and disposal of mercury, mercury-containing equipment and laboratory chemicals;

· Proper cleanup of spills involving mercury.

· Technical feasibility

The technical feasibility of the substitution and good practices options are presented in Table 16.

Table 16. Technical feasibility of the mercury substitution and good practices of product use

Type of use
Substitution
Good practices

Wiring devices and switching equipment
Feasible with exemptions
Used in the industry what gives a high possibility to manage the wastes

Measuring and control equipment
Exists e.g. thermometers 
Used in the industry what gives a high possibility to manage the wastes

Dental equipment and supplies
Feasible, various possible substitutes. Replacing of the amalgam filling at dentist  and removal at death can be restricted due to cultural reasons
-BMP gives high reduction of mercury emission to water from the dentistry.

- Pre-treatment techniques for dental wastewater;

- Abatement techniques for crematoria in use at a number of installations in Europe (e.g. Germany, Austria, Sweden, Switzerland)
.

Pharmaceuticals
Already applied
In limited cases  pre-treatment methods are used

Electric lighting luminescent lights
Feasible with exemptions
Used in the industry applications and consumers alike. Essential uncertainty concerning the waste management

Laboratories
Feasible (schools) with exemptions
High possibilities to manage the wastes

Batteries
Feasible with exemptions, possible limitation of Hg content 
The mercury base batteries are used in the industry what gives a high possibility to manage the wastes

· Performances

Mercury substitution is effective in eliminating the risk to water by lowering the impact in the whole cycle of the substance on European scale are shown in Table 17.

Table 17. Global scale effectiveness of mercury product substitution

Type of use
Substitution
Good practices

Wiring devices and switching equipment 
Moderate/low reduction
Moderate/low reduction 

Measuring and control equipment
Moderate/low reduction 
Moderate/low  reduction

Dental equipment and supplies
High/moderate reduction
High/moderate reduction in use and  in connection with crematoria emissions
 

Pharmaceuticals
Low reduction

Low reduction

Electric lighting luminescent lights
High/moderate reduction
moderate reduction

Laboratories 
Low reduction
Low reduction

Batteries
Moderate/low reduction
Moderate/low reduction

· Cost

The costs of the substitution options are difficult to estimate. The assumption for the estimations are presented in Table 18.

Table 18. Cost evaluation of product substitution 

Type of use
Substitution
Good practices

Wiring devices and switching equipment
Operation costs of mercury containing devices removal and substitutes
Moderate costs of waste segregation at the facilities

Measuring and control equipment
Operation costs of mercury containing devices removal and substitutes
Moderate costs of waste segregation at the facilities

Dental equipment and supplies
The costs are connected with the price of the substitute. The costs are transferred to the patients. Replacing of the amalgam filing at dentists is estimated as 129 000 US$/kg of Hg. Replacing of the removal of the filing at death at 400 US$/kg of Hg (Sweden) [Hylander and Goodsite, 2006].
- BMP require investment costs in  the equipment, the operational costs are not important

- amalgam separators installation 33 000-1 300 000 US$/ kg Hg removed. [Hylander and Goodsite, 2006].

- Costs of abatement techniques for crematoria: High. Costs will most likely be passed on to the public. (In the Netherlands the cost range from €27270 to €48180 per year for cold start furnaces and from €45460 to €74550 for hot start furnaces)
.
- Flue gas cleaning with carbon in crematoria is estimated at 29 000 – 340 000 US$/kg Hg (Sweden, UK) [Hylander and Goodsite, 2006].

Pharmaceuticals
Cost issue is not important
Costs are important issue

Electric lighting luminescent lights
Investment and operational costs depends on the plant life cycle, costs transferred to consumers 
Products with high Hg content require separation from the waste  stream what incur additional costs.

Laboratories
20 –1400 US$/kg Hg removed [Hylander and Goodsite, 2006].
Costs are important issue

Batteries
Cost issue is not crucial The potential for product substitutions requires that

the specific circumstances of each situation be examined; general cost estimates are not possible
Costs are very community specific
; 

· State of the art

Substitution of mercury in many applications and products was applied successfully in many cases. Especially it concerns batteries, thermometers, wiring and electrical equipment.

Hospital and clinics: Thimerosal, an organic mercury compound, is widely present in waste streams from hospitals, clinical laboratories, and pharmaceutical industries. Medical laboratories use thimerosal for standard lab tests such as albumin, drugs of abuse, antifungal/anti-infectious/bacteriostatic enzyme/ammonia, herpes EIA, cytology, hepatitis B core, hepatitis A AG, hepatitis C, HIV, Ca 125, clostridium difficile, group Areptococcous, and giardia. In the pharmaceutical industry, thimoresal is used in nasal spray and as an antiseptic and preservative in topical medicants and vaccines. Thimerosal is a toxic compound. Granular activated carbon is used for removal [Cyr et al., 2002; Velicu et al., 2007].

(i) Conversion to membrane technologies in chlor alkali industry

· Technical feasibility

This technology can be viewed as a strategic approach for the whole branch with some exceptions off very low impact due to low production scale. The mercury process is being progressively phased out by 34 companies operating 50 (January 2005) plants in 15 European countries with the exception of some capacity used for the production of special chemicals. According to Euro Chlor, mercury cell chlor-alkali production is declared by the industry to be eliminated by 2010
.

· Performances

This technology conversion to membrane technology process for chlorine production allows for full elimination of mercury use. Fulfilling the BAT recommendation on implementation of membrane technology is potentially sufficient approach to eliminate impact of chlor-alkali industry on water environment on European scale.

· Costs

It is estimated that replacing the Hg-cell process in chlor-alkali plants costs 10 000 US$/Hg removed [Hylander, Goodsite, 2006]. For chlor-alkali firms it is estimated € 3,000 million investment required to effect the phase-out. The capital cost of cell room conversion vary from plant to plant, even on a capacity-normalised basis. The capital cost of conversion for a typical mercury cell-room include besides the cost of the electrolysers, as a minimum base case, the capital costs associated with caustic recycle, caustic evaporation and brine secondary purification and dechlorination.

In many cases additional capital is required for additional gas cooling, new rectiformers (and possibly new electrical supply and switchgear), changes to the supply of utilities and gaseous HCl, new building structures, decommissioning and site remediation. Reported capital costs range from 194 up to 700 euros per tonne of chlorine capacity
. A typical conversion cost according to Euro Chlor is around 530 euros per tonne chlorine capacity. This cost include engineering, equipment and construction as well as dismantling and cleaning of the old mercury cells and piping. It do not include new buildings, additional services or site remediation. The calculation is further complicated since trade-offs exist between capital and operating costs
.
· State of the art

There is visible decline in the mercury cell technology use (Figure 7). Euro Chlor members have voluntarily agreed not to use the mercury process for any new plants built and will not sell or transfer decommissioned mercury cells for reuse. At present around 30% of the plants operates the membrane technology
.
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Figure 7. Evaluation of chlorine routes by process [Report Euro Chlor, 2007]

5.2 End-of-pipe options for the substance

a) Wastewater treatment techniques

Wastewater treatment techniques are important in industry, municipality and waste management.

(i) Wastewater treatment technologies in industry
· Description of the phenomenon

The waste water has to be treated regarding the concentrations of mercury and the pattern of the expected flows from the various sources as to make a configuration of the most appropriate waste water treatment plant for each specific case. To reduce the concentration of water pollutants, end-of-pipe techniques such as neutralisation, flocculation, sedimentation, and filtration may be used. These techniques are normally used together in a final or central on-site waste water treatment plant. Due to that fact reduction of the mercury emission to water requires a complex approach.

Because emissions to water arise from a number of sources, a variety of minimisation and treatment options are applicable depending on the source and the components present. In general the wastewaters can contain soluble and non-soluble mercury compounds. See Table 19.

Table 19. Sources of waste water in industry

Sources

Large combustion plants
Non-ferrous industry
Ferrous industry
Chemical industry

Waste water from water treatment plants (when Hg based biocides are used),

Waste water from the cooling circuit systems,

Waste water from other origins in steam generation process,

Waste water from flue-gas cleaning systems,
Waste water from flue-gas cleaning systems,

Indirect cooling water,

Direct cooling water,

Electrolysis

Slug granulation,

Hydrometallurgy,

Run-off
Washing water

Waste water from flue-gas cleaning systems,


Technological processes when Hg and its compounds are used

Sources: BREFs

Surface run-off water arises from the contamination of rainwater that is collected from building roofs, paved areas and fuel storage (e.g. coal stoke piles). Contamination of rainwater occurs when materials such as dust (coal particulates) from fuel storage, surface deposition, etc. or oils are washed into the drainage system. The contamination of surface water can be prevented or minimised by the use of sedimentation basins, good practice in the storage of fuel and other raw materials, as well as by good maintenance, and cleaning of the whole plant.

Surface run-off may be collected separately. After a sedimentation step or chemical treatment it can be re-used for other purposes in the production process, for instance for water sprays to prevent dust formation from the storage of solid fuels.

· Mitigation measures

The removal of polluting substances from the waste water prior to discharge to the environment is effected by the application of the appropriate combination of a wide range of physical, chemical and biochemical processes. There are two complementary techniques of mercury wastewater content:

· application of wastewater technologies,

· process control for effluent treatment.

The technologies of treatment waste water is given in Table 20.

Table 20. Existing waste water treatment technologies


Mitigation measure
Large combustion plants
Non-ferrous industry
Ferrous industry
Chemical industry

Baseline techniques
Basic approach


Precipitation
X
X
X
X


Oxidation/Flocculation
X
X
X
X


Sedimentation
X
X
X
X


Filtration
X
X
X
X


Neutralisation
X
X
X
X

Additional measures
Additional measures


Ultrafiltration/nanofiltration
Xb
X
X
X


Ion exchange

X
X
X


Activated carbon
Xa
X
X
X


Electrochemical techniques

P
P
P


Reverse osmosis
Xb
P
P
P

X – currently used, P- not used but possible

Sources: BREFs; a – Nabais et al., 2006; b - industry source

The technologies are used in a complex technological process with a few steps in which particular technologies are applied. The basic technologies are sedimentation, precipitation, neutralization, filtration and flotation. These technologies clean the wastewater of suspended matter and at the same time the mercury which is absorbed on the particles. Precipitation with sulphides is a common approach. Precipitating is carried out in the sulphides solubility at low concentrations.

The removal of soluble mercury is different with the removal of particle mercury (not soluble). Technology effectiveness is different for various chemical forms that mercury can take, including metallic mercury, methylmercury, ionic mercury, organic mercury, inorganic mercury, etc. Basic water treatment: sedimentation and filtration only removes not soluble mercury. By using precipitation before, also soluble mercury can be partly removed.

A given treatment system design depends highly on the specificity of the industrial branch, process flow sheet applied in a given plant and local conditions. Furthermore note that the removal of cadmium is and should be coupled with removal of other contaminants, e.g. mercury.

Ion exchange
, nanofiltration
 and electrochemical techniques are characterised with a high efficiency in removing mercury and are used for treatment of specific wastewater and in specific conditions. 

For some of the technologies cross media issue arise due to hazardous waste generation.

For example effluents containing high amounts of suspended solids, present in LCPs burning solid fuels (ash handling and removal system, slag extraction and removal system, boiler and air preheaters washing, open fuel storage areas, etc.) are normally subjected to a primary settling stage for the removal of heavier suspended solids. This is followed by flocculation, with coagulant and organic polymer dosing aided by pH adjustment, before final settling and removal of the sludge. A final pH adjustment of the treated effluent may be required before discharge to the receiving water. Wastewater treatment systems in non-ferrous industry can maximise the removal of metals using sedimentation and possibly filtration. The reagents used for precipitation may be hydroxide, sulphide or a combination of both, depending on the mix of metals present. It is also practicable in many cases to re-use treated water.

Process control techniques for effluent treatment
Process operation and control may be important in preventing mercury emissions to water in all sectors, especially in non-ferrous metal production and chemical industry. The following techniques are used: reagent metering systems, microprocessor control of reagent feed and plant performance, on-line monitoring of the wastewater quality, operators training and dedicated maintenance staff mobilisation, supervision optimisation, use of environmental management, quality and maintenance systems.

· Technical feasibility

All technologies are applicable in reduction of mercury in wastewater in the selected branches: large combustion plants, non-ferrous and ferrous industry and chemical industry. There is possibility to improve the technological process of water treatment through adding to the treatment process chain the advanced techniques. These end-of-pipe techniques can also be applied to wastewater in case of mercury contamination, and they are mentioned as Best Available Techniques (BAT) in the BREF document on common wastewater and waste gas treatment [EIPPC Bureau, 2003]. Other techniques like ultrafiltration or reverse osmosis are also used for removing mercury compounds [EIPPC Bureau, 2003] and could be possible for removing mercury but are not discussed further.

· Performance

The techniques described in BREFs has a high efficiency in removing mercury in waste water in the industries of concern up to 95% with the mercury concentration in the effluents depending on the industry type. For example in Chlor-alkali use of activated carbon the reduction of mercury concentration in waste water was between 77-99%. In Ferrous industry the wastewater treatment precipitation, neutralization and sand filtration the mercury concentration of the effluents is below 0.1 mg/L [EIPPC, 2001]. The performance of the stand alone treatment techniques are presented in the Table 21.

Table 21. Summary of Achievable Effluent Mercury concentrations in various treatment techniques

Treatment Process
Achievable concentration (g/L

Sulphide precipitation (+filtration)
10-100

Co-precipitation
0.5-5.0

Activated carbon
0.5-20

Starch xanthate
5-20

Ion exchange
0.5-5.0

Reduction
10->100

Membrane separation
Membrane technology typically achieves 80-90 percent rejection

Achieving higher efficiency in mercury removal might require a multi stage treatment process with application of technologies effective in removing mercury in very low concentrations. For example ultrafiltrations. Applications of these technologies depends in the quality and quantity of the wastewater discharged. The examples are presented in the table below (Table 22).

Table 22. Examples of various treatment techniques combination

Industry or site
Waste 
Initial Hg concentration

(g/L
Final mercury concentration

(g/L
Technology 

Natural gas production
Wastewater
9,600
0.035
Thiol-based chelating agent. Full scale

Commercial hazardous waste combustor
Wastewater from quench tank and a wet scrubber
3.3
ND
Sulphide precipitation followed by filtration and carbon adsorption. Full scale

Centralized Waste Treatment Facility
Wastewater from metal bearing liquids and solids
115 - 362
0.20
Selective metals precipitation, liquid solid separation, secondary precipitation liquid solid separation tertiary precipitation and clarification. Full scale

Wastewater is neutralised with caustic soda and treated with sodium sulphide to precipitate mercury sulphide. The effluent passes through a carbon filter before discharge. The achievable emission to water is < 50 ppb mercury.
· Costs

For achieving the BAT standard according to relevant BREFs requirements the compliance costs are difficult to assess. Achieving higher efficiency in mercury removal might require investments in waste water treatment infrastructure (extension of the technological processes). The investments costs are high. They depend on the particular situation. Operational costs could be also very high. They depend on the chosen wastewater treatment technology. For example it is estimated that the costs of Ion Exchange Treatment
 in DOE Savannah River side $l/gallon (around 260 $/m3).

· State of the art

BAT according to BREFs are commonly used in many application.

(ii) Municipal wastewater treatment
Municipal waste water treatment plants are capable of removing 95 % of the mercury that enters their systems resulting in an effluent of about 5 ng/L. During collection and transport to the treatment plant, Hg(II) is likely subjected to reducing conditions and various bacteria, resulting in some conversion to Hg(0). Elemental mercury thus can be stripped off at any stage of treatment that is open to the atmosphere, but particularly those units subject to forced aeration, such as aerated grit chambers and activated sludge tanks. In the primary settling tank, mercury adsorbed to and incorporated into settleable solids will be removed in the sludge. About 30 - 60 % of mercury of the initial mercury could in this way be removed. Micro-organisms present in the activated sludge incorporate mercury in flocculent biological material, separated latter from the aqueous medium in the final clarifier. This material will eventually be removed as wasted sludge. Bacteria at this stage may also interconvert inorganic Hg(II), methylmercury. Hg(0) may be stripped from the system by aeration. Various sludge digestion and handling processes employed at municipal facilities may produce additional transformations, and elementary mercury may be stripped off. Chemical treatment for phosphorous removal (alum and ferric chloride are most commonly used) may contribute to mercury removal. However, the effect on mercury removal has so far not been documented. If very low levels of effluent biochemical oxygen  demand and suspended solids are required, effluent filtration is employed. Adsorbed mercury to suspended solids will also be removed [Zhang et al., 2005]. No specific processes for mercury removal at municipal waste water treatment plants are employed, therefore no cost can be attributed to.

(iii) Small scale water treatment 

Chairside filters of vatrious porosity can be used to remove particulate-based mercury (Hg) from dental-unit wastewater. Chairside filtration systems, with nominal filter pore sizes of, or with no filter, were installed in five dental operatories. The mean Hg per chair per day when no filter was installed was 1,087.38 mg (SD = 993.92). Calculated removal efficiencies for filters with pore size 50 μm, 15 μm, 1 μm, 0.5 μm were 92.72%, 97.83%, 98.76%, and 99.61%, respectively. Tukey post-hoc comparisons indicated that the 50 μm filter removed less mercury than all other filters, and the 0.5 μm removed more mercury than the 50 μm and 15 μm filters. Chairside vacuum levels were not adversely impacted. Chairside filtration systems substantially reduce Hg emissions into wastewater, at low cost and with minimal maintenance
.

b) Emerging wastewater treatment techniques

In all technologies wastes are generated and require appropriate management. At the same time they require expensive materials. Emerging technologies allow for overcoming those two disadvantages.

Biological Mercury Remediation (BIOMER)

The technology is suitable for industrial wastewater containing mercury in the milligram per litre range [Gluszcz et al., 2007 and 2007a].

-
Description
A new bioremediation technology for the removal of mercury from industrial wastewater employs natural mercury resistant bacteria in a packed-bed bioreactor. The overall treatment process consists of a pre-treatment stage, pH adjustment, bioreactor, and polishing activated carbon filter. The process has the advantage of low cost, robustness, high space time yield, and low energy demand and does not require the addition of toxic chemicals, and is therefore a cost-effective and environmentally friendly alternative to conventional treatment technologies. An other emerging bioremediation could be the use of “cleaning” plants native from South- America (Crucifer of the turnip and colza family).

-
Technical feasibility
A pre-requisite for the applicability of the BIOMER process is that the mercury in the wastewater is present in ionic form (Hg(II)), i.e. the technology is not applicable to waste streams containing elemental Hg, such as dental wastewater. Mercury concentrations should be in the milligram per litre range and will be reduced to less than 50 µg L-1, which fulfils the discharge limit for industrial wastewater.

Since the process is mercury-specific, it is particularly interesting for companies that generate liquid waste streams where mercury is the main or sole contaminant of concern, such as Hg-cell chlor-alkali plants. The technology has already been proven to be effective to clean wastewater from two chlor-alkali factories at industrial scale. Typical Hg concentrations were in the range between 1 and 10 mg/L, but higher concentrations have also been tested.

Further applications could lie in the remediation of other types of mercury-polluted wastewater, e.g. soil wash water from contaminated sites and gas scrubber solutions from waste incineration, both of which were tested successfully at the laboratory scale. In the future, the process may also be modified and applied to pharmaceutical wastewater contaminated with organomercurials. This has already been tested at the laboratory scale.

-
Performance
In the tested plant with a bioreactor of 1 m3 volume, outflow concentrations below 50 µg Hg L-1 were achieved at operating flow rates of up to 4 m3 h-1. The process was robust and showed high efficiency and stability against fluctuations of inflow parameters linked to the production process (conductivity, pH, Hg concentration and temperature). The overall Hg removal efficiency was >90%. When the bioreactor is saturated with mercury (after approximately 2 years), the packed bed material is removed and may be deposited, or the metallic mercury that has been generated may be recovered by distillation.

Depending on the wastewater conditions
, a pre-treatment stage should consist of pH adjustment, oxidation of total mercury to Hg(II), removal of chlorine, and sand filtration (to remove solid fines which may block the reactor). The bioreactor is protected automatically by a bypass if the wastewater inflow parameters are outside of pre-set ranges. The BIOMER plant is completely automated and can be controlled via remote control through user shared process software. Performance of the technology is presented in the Table 23.

Table 23. Biological treatment performance

Industry and site type
Waste 
Initial Hg concentration

(g/L
Final mercury concentration

(g/L
Technology 

Chlor alkali manufacturing pilot scale
Electrolysis waste water 
2,000 – 5,600 
30.7-40.7
Fixed bed aerobic bioreactor packed with granular AL2O3 and SiO2 and inoculated with mercury resistant strains of Pseudomonas species

Metal ore mining pilot scale
Mine pilot wastewater
151-164
3-11
Aerobic and anaerobic fixed bed bioreactors packed with porous ceramic medium and inoculated with a consortium of site specific and proprietary microbial cultures

-
Cost
Investment and operating costs are low compared to physic-chemical methods. A cost calculation based on the treatment of 8 m3 d-1 (70,000 m3 a-1) of wastewater with an average mercury concentration of 4 mg L-1 shows that the total costs for consumption of materials and electricity for the pre-treatment unit and bioreactor are in the order of € 72,500. Initial investment costs are estimated at €0.5 million and annual operating costs (including labour) are about € 90,000. A cost comparison with an ion-exchanger system has shown that the BIOMER plant is ~50% less expensive. The cost calculations represent pilot scale.

-
State of the art

The technology has already been successfully demonstrated at two chlor-alkali plants. A pilot-plant installation was tested for eight months at a German chlor-alkali plant and was subsequently operated at a Czech chlor-alkali electrolysis factory for more than three years. A new application will start in 2007 at a chlor-alkali factory in Tarnow, Poland.

Mercury removal by using efficient sorption materials

-
Description
Metals in the range of mg/l can be easily reduced by electrochemical treatment, reverse osmosis or chemical treatment of the wastewater. However, these conventional technologies may be inadequate, expensive or originate secondary problems. Moreover, the application of these methods becomes more costly at lower concentrations of the mercury. Attention is focused on biopolymers, natural zeolites, clays, natural oxides, carbonaceous wastes which are cheap and able to remove heavy metals from contaminated waters e.g. using titanosilicates.

· Technical feasibility


The applicability of natural and synthetic zeolites has a high potential, but depends on the mercury recovery efficiency. More investigations of the promising technology are required before wider technical use. Potentially they can be used only for low volume wastewater streams.

-
Performance
The efficiency of Hg removal for titanosilicates is >98% when starting from a mercury concentration of 50 μg/L down to 2 μg Hg/L [Lopes et al., 2007]. The treatment is possible only for low volume. It is not possible to achieve the results for high volume effluents.

-
Cost

The adsorption processes are probably the most attractive and efficient methods for metal decontamination of water the cost of the adsorbent is an important limiting factor. The use of new low cost materials enable to replace materials like activated carbon and resin.
-
State of the art

Technologies applied on a pilot scale. 

6. Options for reducing emissions: synthesis

Table 24 and Table 25 synthesise the main sources with the possible emission abatement measures, and the assessment of source abatement measures, respectively. For the assessment, all the measures are scored on four criteria: their technical feasibility, their performance, their costs, and their actual implementation (state of the art). For each criterion, the five possible scores are, in descending order: very good (++), good (+), average (o), bad ((), and very bad (( (). Note that each criterion is divided into a number of sub-criteria and the combination of sub-criteria gives the criterion score.

Table 24. Emission sources and possible emission abatement measures



Sources



Large Combustion

Plant
Iron & steel production
Non-ferrous

metal
Uses






Chlor-alkali
Measuring & control

equipment
Electric products
Pharmaceuticals
Dental 


Source control









Process
Recycling and reuse
X
X
X







Pre-treatment of waste water from technological process
X
X
X
X






Run-off management
X
X
X
X





Substitution
Chlor alkali substitution



X






Dentistry materials substitution







X


Electric products substitution





X
 



Management
Separated collection, recycling and save disposal 




XP
XP
XP



Good management practices



XPC
XPC
XPC
XPC
XPC


End-of-pipe









Air
Air deposition reduction
X









Crematoria – emission reduction techniques







X

Water 
Optimisation of basic wastewater treatment

X
X
X
X
XP
XP
XP



Ion exchange
X
X
X
X
XP
XP
XP


Water special 
Membrane filtration
X
X
X
X
XP
XP
XP



Nanofiltration







X


Riverse osmosis
X




X
X



Electrochemical techniques






X


Note: X – available measure, XP – producer, XC – consumer.

Table 25. Assessment of source abatement measures

Assessment
Remarks global scale ranking potential

Measure / source
Technical feasibility
Performances
Costs
State of the art


Source control






Recycling and reuse (ferrous and non-ferrous industries LCP)
Total score: +
Total score: ++
Total score: ++
Total score: ++
-
low


Pol.: point source

Cmp.: high

Imp.: low

Lim.: specific processes
Eff.: high

En.: low

CE: low

W: low
IC: medium

OC: medium


St: BAT

App: large


Pre-treatment of wastewater from technological process
Total score: ++
Total score: ++
Total score: +?
Total score: ++
-
high regional or local - older plants


Pol.: point source

Cmp.: high

Imp.: medium

Lim.: low
Eff.: high

En.: medium

CE: medium

W: medium
IC: high

OC: mediun


St: BAT

App: large


Run-off management
Total score: +
Total score: ++
Total score: +
Total score: ++
-
moderate on regional/local level


Pol.: diffuse

Cmp.: medium

Imp.: low

Lim.: no
Eff.: medium

En.: no

CE: no

W: no
IC: high

OC: low


St: BAT

App: large


Chlor alkali substitution
Total score: ++
Total score: ++
Total score: +
Total score: ++
-
high regional and local level


Pol.: point source

Cmp.: high

Imp.: low

Lim.: no
Eff.: 100%

En.: reduction of energy

CE: no

W: low
IC: high

OC: low
St: BAT

App: medium


Dentistry materials substitution
Total score: ++
Total score: ++
Total score: ++
Total score: ++
-
moderate on global/ regional scale 


Pol.: diffuse

Cmp.: low

Imp.: no

Lim.: low
Eff.: 100%

En.: no

CE: no

W: no
IC: low

OC: low
St: existing

App: common


Crematoria – emission reduction techniques
Total score: +
Total score: +
Total score: +
Total score: ++
- moderate on  regional level 


Pol.: diffuse

Cmp.: medium

Imp.: low

Lim.: low
Eff.: high

En.: low

CE: no

W: waste
IC: medium

OC: low
St: in same country BAT

App: low


Electric products substitution
Total score: ++
Total score: ++
Total score: +
Total score: ++
- generally low moderate on regional/local scale


Pol.: diffuse, point source

Cmp.: high

Imp.: medium

Lim.: restriction for same applications
Eff.: 100%

En.: energy reduction

CE: no

W: no
IC: low

OC: low
St: regulation

App: large


Separated collection, recycling and save disposal
Total score: ++
Total score: ++
Total score: ++
Total score: ++
- moderate/low on regional/local scale


Pol.: diffuse,

Cmp.: high

Imp.: medium

Lim.: low
Eff.: depends on product (50 – 95%)

En.: low

CE: positive other aspect

W: no additional
IC: low

OC: low
St: regulation

App: large


Good management practices
Total score: ++
Total score: ++
Total score: +
Total score: ++
- low important for older plants


Pol.: diffuse, point source

Cmp.: no

Imp.: no

Lim.: no
Eff.: high

En.: no

CE: no

W: no
IC: very low

OC: no
St: BAT, standards regulation

App: large


End-of-pipe

Optimisation Basic wastewater treatment

Total score: ++
Total score: +
Total score: +
Total score: ++
- moderate,

mostly implemented improvements in older plants 


Pol.: point source

Cmp.: low

Imp.: low

Lim.: no
Eff.: > 95%

En.: medium

CE: need chemicals use

W: medium
IC: high

OC: low
St: BAT

App: large


Ion exchange
Total score: ++
Total score: +
Total score: ++
Total score: ++
- high on local scale and specific situations


Pol.: point source

Cmp.: low

Imp.: low

Lim.: depends on effluence quality
Eff.: > 99%

En.: medium

CE: low

W: medium
IC: medium

OC: low
St: BAT

App: ?


Membrane filtration
Total score: ++
Total score: +
Total score: ++
Total score: ++
- high on local scale specific situations


Pol.: point source

Cmp.: low

Imp.: low

Lim.: depends on effluence quality
Eff.: > 99%

En.: medium

CE: low

W: low
IC: medium

OC: low
St: BAT

App: ?


Electrochemical techniques
Total score: ++
Total score: +
Total score: ++
Total score: ++
- low


Pol.: point source

Cmp.: no

Imp.: no

Lim.: depends on effluence quality
Eff.: > 99%

En.: medium

CE: low

W: low
IC: medium

OC: low
St: BAT

App: ?


Scores (five levels): – – for very bad; – for bad; o for average; + for good; ++ for very good;

Sub-criteria (with possible values): Pol. = Type of pollution (point source, diffuse); Rge = Range of concentration (small, medium, wide); Lim. = Limits and restrictions (low, medium, high); Cmp. = Complexity of implementation (low, medium, high); Imp. = Impact on the process, on the factory (low, medium, high); Eff. = Efficiency of emission reduction (in %); Oth. = Removal of other pollutants (list of other pollutants removed); En. = Consumption of energy (no, low, medium, high); CE = Cross-effects (list of cross-effects); W = Production of waste (list of waste); IC = Investment costs (no, low, medium, high); OC = Operational costs (no, low, medium, high); St. = Status of the technique (BAT, existing, emerging); App. = Number of applications (none, some, numerous).
7. Conclusion

Combustion of fuels to produce electricity and heat, manufacturing processes (metals, chemicals and petroleum products), and major uses are most important sources of the emission to water from technological processes. Impact of these sources on aquatic compartment is direct form point sources, indirect through atmospheric deposition and leaching from landfills. For last two decades, the production and the uses of mercury and its compounds has decreased in many EU member states. Mercury and its compounds is still used in industry and in products commonly consumed. Production and use patterns are presently changing, as indicated by reduced consumption in recent years of mercury for chlor-alkali industry, and mercury containing products (e.g. batteries, electrical and electronic equipment, thermometers) in several countries as a results of implemented regulations. In the uses of mercury the main substitution which are possible are in the dentistry which is very important due to life cycle impact.

There are a number of possible mercury and its compounds abatement measures for particular issues:

· source control options in industry processes and major uses (recycling and reused, pre-treatment of wastewater from technological processes, run-off management, chlor-alkali substitution, crematoria – emission reduction techniques, electric and electronic products substitution, separated collection, recycling and save disposal, and good management practices); and

· end-of-pipe options (basic wastewater treatment
, biotrasformation, sorption on zeolites, ion exchange, membrane filtration and electrochemical techniques).

In the industry there are two important strategies:

· baseline strategy: 

· reduction at the source – 90 -100% reduction possible by using pre-treatment and recycling or reuse of the process water e.g. LCP,

· wastewater treatment using BAT – high level of efficiency but with relatively high costs,

· additional strategy which can be site specific or problem specific  

· use of cost efficient techniques to reduce the current cost of wastewater treatment,

· advanced techniques and cost-efficient techniques to reduce the mercury concentrations in waste water at low concentration of mercury - below 0.5 mg/L or eliminate the cross media issue.

The baseline strategy comprise the source control options which are widely used as standard approaches in the industries; non ferrous, ferrous and heat and power generation. This strategy is generally effective enough to achieve the required levels of mercury and its compounds emissions to water. There is no major potential to reduce mercury discharge except for old facilities. Some optimisation of the strategy is possible to achieve higher efficiency or lower costs by improving the technologies already used.

The already implemented technologies are sufficient form a global point of view to achieve the required by the newly proposed Directive environmental quality standards. In particular cases on a regional or local scale application of more efficient technologies might be necessary.

Problem specific solutions should be also being developed for particular issues (e.g. low volume, low concentrations wastewater dentistry). One of the important is waste management of products in which mercury is used or occurs (electric equipment). For those applications new possibilities are researched and new technological approaches are proposed.

It should be noted that pollution of surface water and groundwater by mercury is caused by both anthropogenic and natural sources. Mercury occurs in the environment also by volcanic eruptions and by natural degassing of earth’s surface and by re-evaporation for mercury vapour previously deposited on earth’s surface. Even if measures for reducing emissions including end-of-pipe techniques are taken, it will still remain in the environment for several hundred years. But as the chosen options for controlling release progresses, the pollution by mercury and its compounds will decrease.
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� Restrictions in use of mercury and its compounds are already imposed that the potential reduction effects are of small scale


� precipitation, flocculation/flocation, sedimentation, filtration, neutralisation


� precipitation, flocculation/flocation, sedimentation, filtration, neutralisation


� Consultation document Development Of An EU Mercury Strategy Invitation To Comment Commission Of The European Communities Directorate-General Environment Env. G - Sustainable Development & Integration ENV.G.2 – Industry Brussels, 15 March 2004 /COMMISSION OF THE EUROPEAN COMMUNITIES Brussels, 28.1.2005, SEC(2005)101 COMMISSION STAFF WORKING PAPER Annex to the Communication from the Commission to the Council and the European Parliament on Community Strategy Concerning Mercury EXTENDED IMPACT ASSESSMENT {COM(2005)20 final}


� http://www.europarl.europa.eu/news/expert/infopress_page/064-8949-190-07-28-911-20070706IPR08897-09-07-2007-2007-false/default_en.htm


� Consolidated Marketing and Use Directive 76/769/EEC, available at http://ec.europa.eu/enterprise/chemicals/legislation/markrestr/consolid_1976L0769_en.pdf


� Consolidated Marketing and Use Directive 76/769/EEC


� OSPAR Recommendation 2003/4 on Controlling the Dispersal of Mercury from Crematoria, June 2003, available at http://www.ospar.org/measures/recommendations/or03-04e.doc.


� Risks to Health and the Environment Related to the Use of Mercury Products Final Report prepared for The European Commission, DG Enterprise by Risk & Policy Analysts Limited, Farthing Green House, 2002


�Data from UK Belgium, France, Germany, Ireland, Netherlands, 


 http://dataservice.eea.europa.eu/atlas/viewdata/viewpub.asp?id=554


� Risks to Health and the Environment Related to the Use of Mercury Products Final Report prepared for The European Commission, DG Enterprise Risk & Policy Analysts Limited, 2002


� Consultation document  Development Of An EU Mercury Strategy Invitation To Comment Commission Of The European Communities  Directorate-General  Environment  Env. G - Sustainable Development & Integration ENV.G.2 – Industry Brussels, 15 March 2004. Measuring and control cover the banned already thermometers 


� Estimations according to WP2 SOCOPSE


� estimations  according to WP2 SOCOPSE


� In Huta Łaziska S.A. Poland in decarbonisation process with coagulation and filtration the Hg removal efficiency is in the range 36-90%. The wastewater after pre-treatment are used as cooling waters - survey results


� J.H. Pavlish et al., 2003.


� Coal cleaning, conventional, chemical or both 1 000-128 000 US$/kg Hg removed (US) [Hylander and Goodsite, 2006].


� Carbon injection into flue gases at power plants estimated 20 000 – 725 000 US$/kg Hg removed


� European Commission Integrated Pollution Prevention and Control (IPPC) Reference Document on Best Available Techniques in the Chlor-Alkali Manufacturing industry December 2001.


� techniques is given in the OSPAR report on Hg from crematoria [OSPAR Commission 2003. Mercury emissions from crematoria and their control in the OSPAR Convention Area, http://www.ospar.org/documents/dbase/publications/p00179_Mercury%20emissions%20from%20crematoria.pdf 


� Jang et al., 2005.


� Jinno, M., et al., 2005 and Jinno, M., et al., 2007.


� Several countries have BAT provisions for crematoria, such as the presence of after-burners, temperature, residence time and oxygen content of flue gases, cleaning of exhaust gases and furnace operation.


� OSPAR Commission 2003. Mercury emissions from crematoria and their control in the OSPAR Convention Area, available at � HYPERLINK "http://www.ospar.org/documents/dbase/publications/p00179_Mercury%20emissions%20from%20crematoria.pdf" ��http://www.ospar.org/documents/dbase/publications/p00179_Mercury%20emissions%20from%20crematoria.pdf�


� Wastewater from hospitals, clinical laboratories and the pharmaceutical industry is often contaminated with organic mercury (thimerosal). A pilot-scale investigation of the removal of mercury from pharmaceutical wastewater using granular activated carbon was recently carried out. The wastewater contained 2.5 mg L-1 organic mercury and 1.3 mg L-1 Hg(II) from vaccine production.  It was found that the system was effective and that the granular activated carbon (GAC) removed 99.8% of the mercury from the wastewater. About 400 L of wastewater could be treated per kg of GAC before breakthrough occurred. Treatment costs were estimated at $ 0.107/gal of wastewater. The total capital cost was $ 7700 and the operational cost $ 884 per treatment cycle [Cyr et al., 2002]. Note that the use of thimerosal in vaccines is now declining (due to health concerns / bad publicity).


� These costs comprise technical installation, which includes the cost of additional emission monitors, transport, assembly and engineering costs (for renovations). Additional costs amount to € 18 180 per furnace per year [OSPAR report]. It is therefore estimated that the cost of cremations due to mercury removal would increase by 15-20%, depending on the type of furnace, and would be even higher for cold start furnaces. The total investment cost for installing flue gas treatment in the ~110 Dutch crematoria was estimated at € 37 – € 55 million. The cost of mercury filtering equipment in Britain is said to be about £ 250 000 [Federation of British Cremation Authorities].


� Results shown are based on one community's program 1,450 $/lb Hg Removed $ 0.37/ton MSW [EPA, 1997]


� Since 2001, some 1,000 tonnes of surplus mercury from decommissioned plants have been re-used through the Euro Chlor agreement with Minas de Almadén whereby it replaces tonne for tonne newly mined-mercury.


� Generally, conversion costs of more than 600 euros/tonne Cl2 include costs not directly related to the conversion such as landfill construction, site clean-up, training of personnel, capacity increase, start-up, etc. Costs between 400-600 euros generally include new cell room, power supply, waste disposal, down stream modifications, etc. Reported minimum conversion costs range from below 200 to 400 euros per tone of chlorine capacity and generally include some costs for waste disposal and/or clean-up of contaminated parts.


� Designing for high current density operation can decrease the initial capital cost but this increases operating costs and energy consumption. The development of lower voltage membranes is tending to shift the balance somewhat towards higher current densities – but regulatory pressure on energy consumption may reverse this trend and increase capital costs.


� Euro Chlor members have committed to converting to membrane technology or closure of mercury cells by 2020. From 1999 to 2004, eight mercury plants converted to non-mercury technology and four closed permanently. The 12 plants represented an annual capacity of 1,145,000 tonnes.


� Ion exchange is used in Corrus Netherlands to remove the mercury from peletising plant watswaters - workshop.


� Nanofiltration is used for example in LCP: Elektrownia Łagisza, Poland for treatment of the technological wastewaters – survey results/workshop.  


� GEPA Capsule Report Aqueous Mercury Treatment U.S. Environmental Protection Agency Office of Research and Development Washington DC 20460,  EPAl625lR971004July 1997


� Treatment Technologies for Mercury in Soil, Waste, and Water U.S. Environmental Protection Agency Office of Superfund Remediation and Technology Innovation Washington, DC 20460 August 2007


� GEPA Capsule Report Aqueous Mercury Treatment U.S. Environmental Protection Agency Office of Research and Development Washington DC 20460,  EPAl625lR971004July 1997


� � HYPERLINK "mailto:mark.stone@yahoo.com" �M.E. S�tone, M.E. Cohen, D.L. Berry, and J.C. Ragain (2007) Evaluation of a Filter-Based Dental Wastewater Mercury Removal System, Naval Institute for Dental and Biomedical Research, Great Lakes, IL, USA, Naval Health Clinic, Great Lakes, IL, USA -IADR/AADR/CADR 85th General Session and Exhibition (March 21-24, 2007), New Orleans


� http://ec.europa.eu/research/rtdinfo/special_inco/05/article_2845_en.html


� Mercury contaminated wastewater with the following characteristics can be handled by the bioreactor:


0.5 – 200 mg L-1 Hg; flow rate up to 4 m3 h-1 (in case of bioreactor volume: 1 m3); pH 7.0 ± 0.5 (after pre-treatment); temperature between 15 and 45°C (optimum 25 – 35°C); salt concentration up to 50 g Cl- L-1; chlorine concentration up to 0.5 mg Cl2 L-1; other heavy metals present in the wastewater are not inhibitory. A space time yield of 1 kg mercury per day and m3 bed volume corresponding to 100 m3 wastewater per day can be reached.


� Restrictions in use of mercury and its compounds are already imposed that the potential reduction effects are of small scale


� precipitation, flocculation/flocation, sedimentation, filtration, neutralisation


� precipitation, flocculation/flocation, sedimentation, filtration, neutralisation


� precipitation, flocculation/flocation, sedimentation, filtration, neutralisation
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