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The Parti es,

Deternined to inplenent the Convention on Long-range Transboundary Air
Pol | uti on,

Concerned that em ssions of certain heavy nmetals are transported across
nati onal boundari es and nmay cause danage to ecosystens of environnental and
econom ¢ i nportance and rmay have harnful effects on hunan health,

Consi dering that conbustion and industrial processes are the predom nant
ant hr opogeni ¢ sources of enissions of heavy netals into the atnosphere,

Acknowl edgi ng that heavy netals are natural constituents of the Earth’'s
crust and that nmany heavy netals in certain fornms and appropriate
concentrations are essential to life,

Taking into consideration existing scientific and technical data on the
em ssi ons, geochem cal processes, atnospheric transport and effects on human
heal th and the environment of heavy netals, as well as on abatenent techniques
and costs,

Awar e that techniques and nanagenent practices are available to reduce
air pollution caused by the em ssions of heavy netals,

Recogni zi ng that countries in the region of the United Nations Economic
Conmi ssion for Europe (UV ECE) have different econom c conditions, and that in
certain countries the econonmies are in transition

Resol ved to take nmeasures to anticipate, prevent or ninimze em ssions of
certain heavy netals and their related conpounds, taking into account the
application of the precautionary approach, as set forth in principle 15 of the
Ri o Decl arati on on Environnent and Devel opnent,

Reaf firm ng that States have, in accordance with the Charter of the
United Nations and the principles of international |law, the sovereign right to
exploit their own resources pursuant to their own environmental and
devel opnent policies, and the responsibility to ensure that activities within
their jurisdiction or control do not cause danage to the environment of other
States or of areas beyond the limts of national jurisdiction

M ndf ul that neasures to control em ssions of heavy netals would al so
contribute to the protection of the environnent and hunman health in areas
out side the UN ECE region, including the Arctic and international waters,

Noti ng that abating the em ssions of specific heavy netals may provide
addi ti onal benefits for the abatenent of emni ssions of other pollutants,

Aware that further and nore effective action to control and reduce
em ssions of certain heavy netals nmay be needed and that, for exanple,
ef fect s-based studi es nay provide a basis for further action,
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Noting the inportant contribution of the private and non-governnent a
sectors to knowl edge of the effects associated with heavy netals, available
alternatives and abatenent techniques, and their role in assisting in the
reduction of em ssions of heavy netals,

Bearing in nmind the activities related to the control of heavy netals at
the national level and in international foruns,

Have agreed as foll ows:
Article 1
DEFI NI TI ONS
For the purposes of the present Protocol

1. “Convention” neans the Convention on Long-range Transboundary Air
Pol | ution, adopted in CGeneva on 13 Novenber 1979;

2. “EMEP” neans the Cooperative Progranme for Mnitoring and Eval uation of
Long-range Transnission of Air Pollutants in Europe;

3. “Executive Body” neans the Executive Body for the Convention constituted
under article 10, paragraph 1, of the Convention

4, “Conmi ssion” means the United Nations Econom ¢ Conm ssion for Europe;

5. “Parties” means, unless the context otherw se requires, the Parties to
t he present Protocol

6. “Geographi cal scope of EMEP" neans the area defined in article 1
paragraph 4, of the Protocol to the 1979 Convention on Long-range
Transboundary Air Pollution on Long-term Fi nanci ng of the Cooperative
Programme for Monitoring and Eval uation of the Long-range Transm ssion of Air
Pol lutants in Europe (EVEP), adopted in Ceneva on 28 Septenber 1984;

7. “Heavy netal s” nmeans those netals or, in some cases, netalloids which are
stabl e and have a density greater than 4.5 g/cnf and their conpounds;

8. “Em ssion” neans a release froma point or diffuse source into the
at nospher e;
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9. “Stationary source” nmeans any fixed building, structure, facility,
installation, or equipnment that emts or nay enmit a heavy netal listed in
annex | directly or indirectly into the atnosphere;

10. “New stationary source” neans any stationary source of which the
construction or substantial nodification is commenced after the expiry of two
years fromthe date of entry into force of: (i) this Protocol; or (ii) an
anmendnent to annex | or |Il, where the stationary source beconmes subject to the
provisions of this Protocol only by virtue of that anendment. It shall be a
matter for the conpetent national authorities to decide whether a nodification
is substantial or not, taking into account such factors as the environnenta
benefits of the nodification;

11. “Maj or stationary source category” neans any stationary source category
that is listed in annex Il and that contributes at | east one per cent to a
Party’s total em ssions fromstationary sources of a heavy netal listed in

annex | for the reference year specified in accordance with annex |
Article 2
OBJECTI VE

The objective of the present Protocol is to control enissions of heavy
netal s caused by anthropogenic activities that are subject to | ong-range
transboundary at nospheric transport and are likely to have significant adverse
effects on human health or the environnent, in accordance with the provisions
of the following articles.

Article 3
BASI C OBLI GATI ONS

1. Each Party shall reduce its total annual emissions into the atnosphere of
each of the heavy netals listed in annex | fromthe I evel of the emission in
the reference year set in accordance with that annex by taking effective
neasures, appropriate to its particular circumnstances.

2. Each Party shall, no later than the timescales specified in annex |V,
apply:

(a) The best avail abl e techni ques, taking into consideration annex |11,
to each new stationary source within a major stationary source category for
whi ch annex |l identifies best availabl e techniques;
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(b) The Iimt values specified in annex V to each new stationary source
within a nmajor stationary source category. A Party nay, as an alternative
apply different em ssion reduction strategi es that achieve equival ent overal
em ssion | evel s;

(c) The best avail abl e techni ques, taking into consideration annex |11,
to each existing stationary source within a nmajor stationary source category
for which annex Ill identifies best available techniques. A Party may, as an
alternative, apply different emi ssion reduction strategies that achieve
equi val ent overall enission reductions;

(d) The Iimt values specified in annex V to each existing stationary
source within a major stationary source category, insofar as this is
technically and econonically feasible. A Party may, as an alternative, apply
different enission reduction strategi es that achi eve equival ent overal
emni ssi on reductions.

3. Each Party shall apply product control neasures in accordance with the
condi tions and tinmescal es specified in annex VI.

4, Each Party shoul d consi der applying additional product managemnent
neasures, taking into consideration annex VI

5. Each Party shall develop and nmaintain enission inventories for the heavy
netals listed in annex |, for those Parties w thin the geographical scope of
EMEP, using as a mnimumthe nethodol ogi es specified by the Steering Body of
EMEP, and, for those Parties outside the geographical scope of EMEP, using as
gui dance the net hodol ogi es devel oped through the work plan of the Executive
Body.

6. A Party that, after applying paragraphs 2 and 3 above, cannot achieve the
requi renents of paragraph 1 above for a heavy netal listed in annex |, shal
be exenpted fromits obligations in paragraph 1 above for that heavy netal

7. Any Party whose total land area is greater than 6,000,000 kn? shall be
exenpted fromits obligations in paragraphs 2 (b), (c), and (d) above, if it
can denonstrate that, no later than eight years after the date of entry into

force of the present Protocol, it will have reduced its total annual em ssions
of each of the heavy netals listed in annex | fromthe source categories
specified in annex Il by at |least 50 per cent fromthe |evel of emissions from

these categories in the reference year specified in accordance with annex |
A Party that intends to act in accordance with this paragraph shall so specify
upon signature of, or accession to, the present Protocol
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Article 4
EXCHANGE OF | NFORMATI ON AND TECHNOLOGY
1. The Parties shall, in a manner consistent with their |aws, regul ations

and practices, facilitate the exchange of technol ogi es and techni ques desi gned
to reduce em ssions of heavy netals, including but not linmted to exchanges
t hat encourage the devel opment of product managenent neasures and the
application of best available techniques, in particular by pronoting:

(a) The conmerci al exchange of avail abl e technol ogy;

(b) Direct industrial contacts and cooperation, including joint
vent ur es;

(c) The exchange of information and experience; and

(d) The provision of technical assistance.
2. In pronoting the activities specified in paragraph 1 above, the Parties
shall create favourable conditions by facilitating contacts and cooperation
anong appropriate organi zations and individuals in the private and public
sectors that are capable of providing technol ogy, design and engi neering
servi ces, equi prment or finance.

Article 5
STRATEQ ES, POLI Cl ES, PROGRAMMES AND MEASURES

1. Each Party shall devel op, w thout undue del ay, strategies, policies and
programes to discharge its obligations under the present Protocol

2. A Party may, in addition:

(a) Apply econonic instrunents to encourage the adoption of
cost-effective approaches to the reduction of heavy netal enissions;

(b) Devel op governnent/industry covenants and vol untary agreenents;
(c) Encourage the nore efficient use of resources and raw materi al s;
(d) Encourage the use of less polluting energy sources;

(e) Take measures to devel op and introduce |less polluting transport
syst ens;

(f) Take measures to phase out certain heavy netal emtting processes
where substitute processes are avail able on an industrial scale;

(9) Take measures to devel op and enpl oy cl eaner processes for the
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prevention and control of pollution.

3. The Parties may take nore stringent neasures than those required by the
present Protocol

Article 6
RESEARCH, DEVELOPMENT AND MONI TORI NG

The Parties shall encourage research, devel opnent, nonitoring and
cooperation, primarily focusing on the heavy netals listed in annex |
related, but not linmted, to:

(a) Em ssions, |ong-range transport and deposition levels and their
nodel i ng, existing levels in the biotic and abiotic environnent, the
fornmul ati on of procedures for harnonizing rel evant nethodol ogi es;

(b) Pol | ut ant pat hways and inventories in representative ecosystens;

(c) Rel evant effects on human health and the environnent, including
qguantification of those effects;

(d) Best avail abl e techni ques and practices and eni ssion control
techni ques currently enployed by the Parties or under devel opnent;

(e) Col l ection, recycling and, if necessary, disposal of products or
wast es contai ning one or nore heavy netals;

(f) Met hodol ogi es permitting consideration of socio-econonmic factors in
the eval uation of alternative control strategies;

(9) An effects-based approach which integrates appropriate infornmation
i ncludi ng i nformation obtai ned under subparagraphs (a) to (f) above, on
neasured or nodel | ed environnental |evels, pathways, and effects on hunan
heal th and the environment, for the purpose of formulating future optinm zed
control strategies which also take into account econom ¢ and technol ogi ca
factors;

(h) Alternatives to the use of heavy netals in products listed in
annexes VI and VI
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(i) Gat hering information on |evels of heavy netals in certain
products, on the potential for em ssions of those netals to occur during the
manuf acture, processing, distribution in comerce, use, and di sposal of the
product, and on techni ques to reduce such em ssions.

Article 7
REPORTI NG

1. Subject to its Iaws governing the confidentiality of comerci al
i nformati on:

(a) Each Party shall report, through the Executive Secretary of the
Conmi ssion, to the Executive Body, on a periodic basis as determ ned by the
Parties neeting within the Executive Body, information on the nmeasures that it
has taken to inplenent the present Protocol

(b) Each Party within the geographi cal scope of EMEP shall report,
t hrough the Executive Secretary of the Comm ssion, to EMEP, on a periodic
basis to be determ ned by the Steering Body of EMEP and approved by the
Parties at a session of the Executive Body, infornmation on the |evels of
emi ssions of the heavy netals listed in annex |, using as a mininmmthe
net hodol ogi es and the tenporal and spatial resolution specified by the
Steering Body of EMEP. Parties in areas outside the geographical scope of
EMEP shal | nake available sinmlar information to the Executive Body if
requested to do so. 1In addition, each Party shall, as appropriate, collect
and report relevant information relating to its enissions of other heavy
netal s, taking into account the gui dance on the methodol ogi es and the tenpora
and spatial resolution of the Steering Body of EMEP and the Executive Body.

2. The information to be reported in accordance with paragraph 1 (a) above
shall be in conformity with a decision regarding format and content to be
adopted by the Parties at a session of the Executive Body. The terns of this
deci sion shall be reviewed as necessary to identify any additional elenents
regarding the format or the content of the information that is to be included
in the reports.

3. In good tinme before each annual session of the Executive Body, EMEP shal
provide informati on on the |Iong-range transport and deposition of heavy
net al s.
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Article 8
CALCULATI ONS
EMEP shal |, using appropriate nodels and neasurenents and in good tine

bef ore each annual session of the Executive Body, provide to the Executive
Body cal cul ati ons of transboundary fluxes and depositions of heavy netals

wi thin the geographi cal scope of EMEP. In areas outside the geographica
scope of EMEP, nodels appropriate to the particular circunstances of Parties
to the Convention shall be used.

Article 9
COVPLI ANCE

Conpl i ance by each Party with its obligations under the present Protoco
shall be reviewed regularly. The Inplenmentation Conmittee established by
deci sion 1997/2 of the Executive Body at its fifteenth session shall carry out
such reviews and report to the Parties neeting within the Executive Body in
accordance with the terns of the annex to that decision, including any
amendnent s thereto.

Article 10
REVI EW6 BY THE PARTI ES AT SESSI ONS OF THE EXECUTI VE BCDY

1. The Parties shall, at sessions of the Executive Body, pursuant to
article 10, paragraph 2 (a), of the Convention, review the infornation
supplied by the Parties, EMEP and ot her subsidiary bodies and the reports of
the Inplenentation Conmittee referred to in article 9 of the present Protocol

2. The Parties shall, at sessions of the Executive Body, keep under review
t he progress made towards neeting the obligations set out in the present
Pr ot ocol

3. The Parties shall, at sessions of the Executive Body, review the
sufficiency and effectiveness of the obligations set out in the present
Pr ot ocol

(a) Such reviews will take into account the best available scientific
i nformation on the effects of the deposition of heavy netals, assessnents of

t echnol ogi cal devel oprnents, and changi ng econoni ¢ conditions;

(b) Such reviews will, in the light of the research, devel opnent,
noni toring and cooperation undertaken under the present Protocol

(i) Eval uate progress towards neeting the objective of the
present Protocol

(ii) Evaluate whether additional emission reductions beyond the
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levels required by this Protocol are warranted to reduce
further the adverse effects on human health or the
envi ronnent; and

(iii) Take into account the extent to which a satisfactory basis
exi sts for the application of an effects-based approach

(c) The procedures, nethods and tining for such reviews shall be
specified by the Parties at a session of the Executive Body.

4, The Parties shall, based on the conclusion of the reviews referred to in
par agraph 3 above and as soon as practicable after conpletion of the review,
devel op a work plan on further steps to reduce enissions into the atnosphere
of the heavy netals listed in annex |

Article 11
SETTLEMENT OF DI SPUTES

1. In the event of a dispute between any two or nore Parties concerning the
interpretation or application of the present Protocol, the Parties concerned
shal |l seek a settlenent of the dispute through negotiation or any other
peaceful means of their own choice. The parties to the dispute shall inform
t he Executive Body of their dispute.

2. When ratifying, accepting, approving or acceding to the present Protocol
or at any tine thereafter, a Party which is not a regional econonic

i ntegration organi zati on may declare in a witten instrunent subnmtted to the
Depositary that, in respect of any dispute concerning the interpretation or
application of the Protocol, it recognizes one or both of the foll owi ng neans
of dispute settlenent as conpul sory ipso facto and wi thout special agreenent,
inrelation to any Party accepting the sane obligation

(a) Submi ssion of the dispute to the International Court of Justice;

(b) Arbitration in accordance with procedures to be adopted by the
Parties at a session of the Executive Body, as soon as practicable, in an
annex on arbitration.

A Party which is a regional economc integration organization may nake a
declaration with like effect in relation to arbitration in accordance with the
procedures referred to in subparagraph (b) above.

3. A decl arati on nmade under paragraph 2 above shall remain in force until it
expires in accordance with its ternms or until three nonths after witten
notice of its revocation has been deposited with the Depositary.

4, A new decl aration, a notice of revocation or the expiry of a declaration
shall not in any way affect proceedi ngs pending before the International Court
of Justice or the arbitral tribunal, unless the parties to the dispute agree
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ot herwi se.

5. Except in a case where the parties to a dispute have accepted the sane
neans of dispute settlenent under paragraph 2, if after twelve nonths
following notification by one Party to another that a dispute exists between
them the Parties concerned have not been able to settle their dispute through
t he nmeans nentioned in paragraph 1 above, the dispute shall be subnmitted, at
the request of any of the parties to the dispute, to conciliation

6. For the purpose of paragraph 5, a conciliation conm ssion shall be
created. The conmmi ssion shall be conposed of equal nunbers of nenbers

appoi nted by each Party concerned or, where the Parties in conciliation share
the sane interest, by the group sharing that interest, and a chairnan chosen
jointly by the nenbers so appointed. The conmission shall render a
reconmendat ory award, which the Parties shall consider in good faith.

Article 12
ANNEXES

The annexes to the present Protocol shall forman integral part of the
Protocol. Annexes Ill and VIl are recomendatory in character

Article 13
AMENDMVENTS TO THE PROTOCCL
1. Any Party may propose amendnments to the present Protocol

2. Proposed anendnents shall be submitted in witing to the Executive
Secretary of the Commi ssion, who shall conmunicate themto all Parties. The
Parties neeting within the Executive Body shall discuss the proposed
anmendnents at its next session, provided that the proposals have been
circulated by the Executive Secretary to the Parties at |east ninety days in
advance.
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3. Amendnents to the present Protocol and to annexes I, Il, IV, V and VI
shal | be adopted by consensus of the Parties present at a session of the
Executive Body, and shall enter into force for the Parties which have accepted
themon the ninetieth day after the date on which two thirds of the Parties
have deposited with the Depositary their instrunents of acceptance thereof.
Anmendnents shall enter into force for any other Party on the ninetieth day
after the date on which that Party has deposited its instrunent of acceptance
t her eof .

4, Amendnents to annexes II1 and VII shall be adopted by consensus of the
Parties present at a session of the Executive Body. On the expiry of ninety
days fromthe date of its communication to all Parties by the Executive
Secretary of the Conmi ssion, an anmendnent to any such annex shall becone
effective for those Parties which have not subnitted to the Depositary a
notification in accordance with the provisions of paragraph 5 bel ow, provided
that at |east sixteen Parties have not submitted such a notification

5. Any Party that is unable to approve an anendnent to annex 11l or VII
shall so notify the Depositary in witing within ninety days fromthe date of
t he conmuni cation of its adoption. The Depositary shall wi thout delay notify
all Parties of any such notification received. A Party nay at any tine
substitute an acceptance for its previous notification and, upon deposit of an
i nstrunment of acceptance with the Depositary, the amendnent to such an annex
shal | becone effective for that Party.

6. In the case of a proposal to amend annex I, VI or VII by adding a heavy
netal, a product control neasure or a product or product group to the present
Pr ot ocol

(a) The proposer shall provide the Executive Body with the information
specified in Executive Body decision 1998/ 1, including any amendnents thereto;
and

(b) The Parties shall evaluate the proposal in accordance with the
procedures set forth in Executive Body decision 1998/1, including any
amendnent s thereto.

7. Any decision to amend Executive Body decision 1998/ 1 shall be taken by
consensus of the Parties neeting within the Executive Body and shall take
ef fect sixty days after the date of adoption
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Article 14
S| GNATURE
1. The present Protocol shall be open for signature at Aarhus (Denmark) from

24 to 25 June 1998, then at United Nations Headquarters in New York until

21 Decenber 1998 by States nenbers of the Commission as well as States having
consul tative status with the Comm ssion pursuant to paragraph 8 of Econonic
and Social Council resolution 36 (I1V) of 28 March 1947, and by regiona
econom ¢ integration organi zations, constituted by sovereign States nmenbers of
t he Conmi ssion, which have conpetence in respect of the negotiation

concl usion and application of international agreements in nmatters covered by
the Protocol, provided that the States and organi zati ons concerned are Parties
to the Convention

2. In matters within their conpetence, such regional econom c integration
organi zations shall, on their own behal f, exercise the rights and fulfil the
responsi bilities which the present Protocol attributes to their menber States.
In such cases, the nenber States of these organi zations shall not be entitled
to exercise such rights individually.

Article 15
RATI FI CATI ON, ACCEPTANCE, APPROVAL AND ACCESSI ON

1. The present Protocol shall be subject to ratification, acceptance or
approval by Signatories.

2. The present Protocol shall be open for accession as from 21 Decenber 1998
by the States and organi zations that neet the requirenents of article 14,
par agraph 1.
Article 16
DEPOSI TARY
The instrunments of ratification, acceptance, approval or accession shal

be deposited with the Secretary-Ceneral of the United Nations, who will
performthe functions of Depositary.
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Article 17
ENTRY | NTO FORCE
1. The present Protocol shall enter into force on the ninetieth day

following the date on which the sixteenth instrunment of ratification
acceptance, approval or accession has been deposited with the Depositary.

2. For each State and organi zation referred to in article 14, paragraph 1,
which ratifies, accepts or approves the present Protocol or accedes thereto
after the deposit of the sixteenth instrument of ratification, acceptance,
approval or accession, the Protocol shall enter into force on the ninetieth
day followi ng the date of deposit by such Party of its instrunent of
ratification, acceptance, approval or accession

Article 18
W THDRAWAL

At any tine after five years fromthe date on which the present Protoco
has conme into force with respect to a Party, that Party nay wi thdraw fromit
by giving witten notification to the Depositary. Any such w thdrawal shal
take effect on the ninetieth day following the date of its receipt by the
Depositary, or on such |ater date as nmay be specified in the notification of
the withdrawal .

Article 19
AUTHENTI C TEXTS
The original of the present Protocol, of which the English, French and
Russi an texts are equally authentic, shall be deposited with the

Secretary-General of the United Nations.

I N WTNESS WHEREOF t he under si gned, being duly authorized thereto, have
signed the present Protocol

Done at Aarhus (Denmark), this twenty-fourth day of June, one thousand
ni ne hundred and ninety-eight.
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Annex 1

HEAVY METALS REFERRED TO IN ARTICLE 3, PARAGRAPH 1,
AND THE REFERENCE YEAR FOR THE OBLIGATION

Heavy metal Reference year

Cadmi um (Cd) 1990; or an alternative year from 1985 to 1995
i nclusive, specified by a Party upon ratification
acceptance, approval or accession

Lead (Pb) 1990; or an alternative year from 1985 to 1995
i nclusive, specified by a Party upon ratification
acceptance, approval or accession

Mercury (Hg) 1990; or an alternative year from 1985 to 1995
i nclusive, specified by a Party upon ratification
acceptance, approval or accession
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Annex 11
STATIONARY SOURCE CATEGORIES
l. | NTRODUCTI ON
1. Installations or parts of installations for research, devel opnment and the

testing of new products and processes are not covered by this annex.

2. The threshol d val ues given bel ow generally refer to production capacities
or output. Where one operator carries out several activities falling under

t he sane subheading at the sane installation or the sanme site, the capacities
of such activities are added toget her

. LI ST OF CATEGORI ES

Category Description of the category
1 Conbustion installations with a net rated thermal input exceeding
50 MW/
2 Metal ore (1 ncluding sulphide ore) or concentrate roasting or

sintering installations with a capacity exceedi ng 150 tonnes of
sinter per day for ferrous ore or concentrate, and 30 tonnes of
sinter per day for the roasting of copper, lead or zinc, or any gold
and mercury ore treatnent.

3 Installations for the production of pig-iron or steel (primary or
secondary fusion, including electric arc furnaces) including
continuous casting, with a capacity exceeding 2.5 tonnes per hour

4 Ferrous nmetal ftoundries wth a production capacity exceedi ng
20 tonnes per day.
5 Installations for the production of copper, lead and zinc fromore,

concentrates or secondary raw naterials by netallurgical processes
with a capacity exceeding 30 tonnes of netal per day for prinmary
installations and 15 tonnes of netal per day for secondary
installations, or for any primary production of mercury.

6 Installations tor the snelting (refining, tfoundry casting, etc.),

i ncluding the alloying, of copper, lead and zi nc, including
recovered products, with a nelting capacity exceeding 4 tonnes per
day for lead or 20 tonnes per day for copper and zinc.

7 Installations tor the production of cement clinker 1n rotary kilns
with a production capacity exceedi ng 500 tonnes per day or in other
furnaces with a production capacity exceedi ng 50 tonnes per day.

8 Installations for the manufacture of glass using lead 1 n the process
with a nelting capacity exceedi ng 20 tonnes per day.

9 Installations for chlor-alkali production by electrolysis using the
nmercury cell process.

10 Installations for the 1 ncineration of hazardous or nedi cal waste

with a capacity exceeding 1 tonne per hour, or for the
co-incineration of hazardous or mnedical waste specified in
accordance with national |egislation
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Category Description of the category

11 Installations for the incineration of mnmunicipal waste with a
capacity exceeding 3 tonnes per hour, or for the co-incineration of
nuni ci pal waste specified in accordance with national |egislation
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Annex 111

BEST AVAILABLE TECHNIQUES FOR CONTROLLING EMISSIONS OF HEAVY METALS AND
THEIR COMPOUNDS FROM THE SOURCE CATEGORIES LISTED IN ANNEX 11

I. INTRODUCTION

1. This annex ainms to provide Parties w th guidance on identifying best
avai | abl e techni ques for stationary sources to enable themto neet the
obligations of the Protocol

2. “Best avail abl e techni ques” (BAT) neans the nost effective and advanced
stage in the devel opnment of activities and their nethods of operation which
indicate the practical suitability of particular techniques for providing in
principle the basis for emission linmt values designed to prevent and, where
that is not practicable, generally to reduce enissions and their inpact on the
envi ronnent as a whol e:

- “Techni ques’ includes both the technol ogy used and the way in which
the installation is designed, built, naintained, operated and
deconmi ssi oned;

- “Avai l abl e’ techni ques neans those devel oped on a scal e which
allows inplementation in the relevant industrial sector, under
econom cally and technically viable conditions, taking into
consi deration the costs and advant ages, whether or not the
techni ques are used or produced inside the territory of the Party
in question, as long as they are reasonably accessible to the
operator;

- ‘Best’ neans nost effective in achieving a high general |evel of
protection of the environnent as a whol e.

In determ ning the best avail abl e techni ques, special consideration should be
given, generally or in specific cases, to the factors below, bearing in nmind
the Iikely costs and benefits of a neasure and the principles of precaution
and prevention:

- The use of | owwaste technol ogy;

- The use of |ess hazardous substances;

- The furthering of recovery and recycling of substances generated
and used in the process and of waste;

- Conpar abl e processes, facilities or nethods of operation which have
been tried with success on an industrial scale;

- Technol ogi cal advances and changes in scientific know edge and
under st andi ng;

- The nature, effects and vol unme of the em ssions concerned,;

- The conmi ssioning dates for new or existing installations;

- The tine needed to introduce the best avail abl e techni que;

- The consunption and nature of raw materials (including water) used
in the process and its energy efficiency;

- The need to prevent or reduce to a mninmmthe overall inpact of
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the emi ssions on the environnent and the risks to it;
- The need to prevent accidents and to minimze their consequences
for the environnent.

The concept of best avail able techniques is not ainmed at the prescription of
any specific technique or technol ogy, but at taking into account the technica
characteristics of the installation concerned, its geographical |ocation and
the | ocal environnental conditions.

3. The information regardi ng em ssion control performance and costs is based
on official documentation of the Executive Body and its subsidiary bodies, in
particul ar docunents received and revi ewed by the Task Force on Heavy Meta

Emi ssions and the Ad Hoc Preparatory Wrking Group on Heavy Metal s.
Furthernore, other international information on best avail able techniques for
em ssion control has been taken into consideration (e.g. the European
Conmunity’s technical notes on BAT, the PARCOM reconmendati ons for BAT, and

i nformati on provided directly by experts).

4, Experience with new products and new plants incorporating | ow emn ssion
techniques, as well as with the retrofitting of existing plants, is grow ng
continuously; this annex may, therefore, need anendi ng and updati ng.

5. The annex lists a nunber of measures spanning a range of costs and
efficiencies. The choice of nmeasures for any particular case will depend on
and may be linmited by, a nunber of factors, such as econonic circunstances,
technol ogi cal infrastructure, any existing em ssion control device, safety,
energy consunption and whether the source is a new or existing one.

6. This annex takes into account the enissions of cadm um |ead and nercury
and their conpounds, in solid (particle-bound) and/or gaseous form

Speci ation of these conpounds is, in general, not considered here.
Neverthel ess, the efficiency of emi ssion control devices with regard to the
physi cal properties of the heavy netal, especially in the case of mercury, has
been taken into account.

7. Em ssi on val ues expressed as ng/nf refer to standard conditions (vol une
at 273.15 K, 101.3 kPa, dry gas) not corrected for oxygen content unless

ot herwi se specified, and are calculated in accordance with draft CEN (Conité
européen de nornalisation) and, in sonme cases, national sanpling and

noni tori ng techni ques.
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11. GENERAL OPTIONS FOR REDUCING EMISSIONS OF HEAVY METALS AND THEIR
COMPOUNDS

8. There are several possibilities for controlling or preventing heavy neta
emi ssions. Emission reduction neasures focus on add-on technol ogi es and
process nodifications (including maintenance and operating control). The
foll owi ng neasures, which may be inpl enented dependi ng on the w der technica
and/ or econom c conditions, are avail abl e:

(a) Application of |ow em ssion process technologies, in particular in
new i nstall ati ons;

(b) O f-gas cleaning (secondary reduction neasures) with filters,
scrubbers, absorbers, etc.

(c) Change or preparation of raw materials, fuels and/or other feed
materials (e.g. use of raw materials with | ow heavy netal content);

(d) Best nanagenent practices such as good housekeepi ng, preventive
mai Nt enance progranmmes, or primary neasures such as the encl osure of
dust-creating units;

(e) Appropriate environnental nmanagenent techniques for the use and
di sposal of certain products containing Cd, Pb, and/or Hg.

9. It is necessary to nonitor abatenment procedures to ensure that
appropriate control neasures and practices are properly inplenented and

achi eve an effective emission reduction. Mnitoring abatenent procedures will
i ncl ude:

(a) Devel opi ng an inventory of those reduction nmeasures identified
above that have al ready been inpl enented;

(b) Conparing actual reductions in Cd, Pb and Hg enissions with the
obj ectives of the Protocol;

(c) Characterizing quantified em ssions of Cd, Pb and Hg fromrel evant
sources with appropriate techniques;

(d) Regul atory authorities periodically auditing abatenent neasures to
ensure their continued efficient operation

10. Em ssi on reduction neasures should be cost-efficient. Cost-efficient
strategy considerations should be based on total costs per year per unit
abated (including capital and operating costs). Em ssion reduction costs
shoul d al so be considered with respect to the overall process.

111. CONTROL TECHNIQUES

11. The maj or categories of available control techniques for Cd, Pb and Hg
em ssi on abatenent are prinmary nmeasures such as raw nmaterial and/or fue
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substitution and | ow eni ssion process technol ogi es, and secondary neasures
such as fugitive enission control and off-gas cleaning. Sector-specific
techni ques are specified in chapter |V.

12. The data on efficiency are derived from operating experience and are
considered to reflect the capabilities of current installations. The overal
efficiency of flue gas and fugitive em ssion reductions depends to a great
extent on the evacuation performance of the gas and dust collectors (e.g.
suction hoods). Capture/collection efficiencies of over 99% have been
denonstrated. In particular cases experience has shown that control measures
are able to reduce overall enissions by 90% or nore.

13. In the case of particle-bound em ssions of Cd, Pb and Hg, the netals can
be captured by dust-cl eaning devices. Typical dust concentrations after gas
cleaning with selected techniques are given in table 1. Most of these
neasures have generally been applied across sectors. The mi ni num expected
performance of selected techniques for capturing gaseous nercury is outlined
in table 2. The application of these nmeasures depends on the specific
processes and is nost relevant if concentrations of nercury in the flue gas
are high.

Table 1: Per f ormance of dust-cl eani ng devi ces expressed as hourly average
dust concentrations

Dust concentrations after cleaning (nmg/ nf)
Fabric filters < 10
Fabric filters, menbrane type <1
Dry electrostatic precipitators < 50
Wet el ectrostatic precipitators < 50
Hi gh-efficiency scrubbers < 50
Not e: Medi um  and | ow pressure scrubbers and cycl ones general |y show
| ower dust renoval efficiencies.
Table 2: M ni mum expect ed perfornance of mercury separators expressed as

hourly average nercury concentrati ons

Mercury content after cleaning (ng/nf)
Seleniumfilter < 0.01
Sel eni um scr ubber < 0.2
Carbon filter < 0.01
Carbon injection + dust separator < 0.05
Qdda Nor zi nk chl ori de process <0.1
Lead sul phide process < 0.05
Bol kem ( Thi osul phat e) process <0.1
14. Care should be taken to ensure that these control techni ques do not

create other environnental problens. The choice of a specific process because
of its low enission into the air should be avoided if it worsens the tota
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envi ronnental inpact of the heavy netals’ discharge, e.g. due to nore water
pollution fromliquid effluents. The fate of captured dust resulting from
i mproved gas cl eaning nmust al so be taken into consideration. A negative
environnental inpact fromthe handling of such wastes will reduce the gain
fromlower process dust and funme emi ssions into the air.

15. Emi ssion reduction nmeasures can focus on process techniques as well as on
of f-gas cleaning. The two are not independent of each other; the choice of a
speci fic process might exclude sonme gas-cl eani ng nethods.

16. The choice of a control technique will depend on such paraneters as the
pol | utant concentration and/or speciation in the raw gas, the gas volune flow,
the gas tenperature, and others. Therefore, the fields of application my
overlap; in that case, the nost appropriate technique nust be sel ected
according to case-specific conditions.

17. Adequat e neasures to reduce stack gas enmissions in various sectors are
descri bed below. Fugitive enissions have to be taken into account. Dust

em ssion control associated with the discharging, handling, and stockpiling of
raw materials or by-products, although not relevant to | ong-range transport,
may be inportant for the local environment. The em ssions can be reduced by
novi ng these activities to conpletely encl osed buil di ngs, which may be

equi pped with ventilation and dedusting facilities, spray systenms or other
suitable controls. Wen stockpiling in unroofed areas, the material surface
shoul d be otherw se protected against wind entrai nnent. Stockpiling areas and
roads shoul d be kept clean
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18. The investnent/cost figures listed in the tables have been collected from
various sources and are highly case-specific. They are expressed in 1990

US$ (US$ 1 (1990) = ECU 0.8 (1990)). They depend on such factors as pl ant
capacity, renmoval efficiency and raw gas concentration, type of technol ogy,

and the choice of new installations as opposed to retrofitting.

IV.  SECTORS

19. This chapter contains a table per relevant sector with the main em ssion
sources, control neasures based on the best avail able techni ques, their
specific reduction efficiency and the related costs, where available. Unless
stated otherw se, the reduction efficiencies in the tables refer to direct
stack gas em ssions.

Combustion of fossil fuels in utility and industrial boilers (annex 1|
category 1)

20. The conbustion of coal in utility and industrial boilers is a mgjor
source of anthropogenic nercury em ssions. The heavy netal content is
normal |y several orders of magnitude higher in coal than in oil or natura
gas.

21. | nproved energy conversion efficiency and energy conservati on nmeasures
wWill result in a decline in the em ssions of heavy netal s because of reduced
fuel requirements. Conbusting natural gas or alternative fuels with a | ow
heavy netal content instead of coal would also result in a significant
reduction in heavy netal emissions such as nercury. Integrated gasification
conbi ned-cycle (1 GCC) power plant technology is a new plant technology with a
| ow eni ssion potenti al

22. Wth the exception of mercury, heavy netals are emitted in solid formin
association with fly-ash particles. Different coal conbustion technol ogies
show di fferent magnitudes of fly-ash generation: grate-firing boilers 20-40%
fluidized-bed conbustion 15% dry bottom boilers (pulverized coal conbustion)
70-100% of total ash. The heavy netal content in the small particle size
fraction of the fly-ash has been found to be higher.

23. Beneficiation, e.g. “washing” or “bio-treatnent”, of coal reduces the
heavy netal content associated with the inorganic matter in the coal
However, the degree of heavy metal renoval with this technol ogy varies widely.
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24, A total dust renoval of nore than 99.5% can be obtained with

el ectrostatic precipitators (ESP) or fabric filters (FF), achieving dust
concentrations of about 20 nmg/n? in many cases. Wth the exception of mercury,
heavy netal enissions can be reduced by at |east 90-99% the lower figure for
the nore easily volatilized elements. Low filter tenperature hel ps to reduce
t he gaseous nercury of f-gas content.

25. The application of techniques to reduce em ssions of nitrogen oxides,
sul phur dioxide and particulates fromthe flue gas can al so renove heavy
netals. Possible cross nmedia inpact should be avoi ded by appropriate waste
wat er treatnent.

26. Usi ng the techni ques nentioned above, nmercury renoval efficiencies vary
extensively fromplant to plant, as seen in table 3. Research is ongoing to
devel op nmercury renoval techniques, but until such techniques are avail able on
an industrial scale, no best available technique is identified for the

speci fic purpose of renoving nercury.

Table 3: Control neasures, reduction efficiencies and costs for fossil-fue
conbusti on em ssi ons

Emission source Control measure(s) |Reduction efficiency (%)| Abatement costs

Conbusti on of Switch fromfuel oil Cd, Pb: 100; Hi ghly
fuel oil to gas Hg: 70 - 80 case-specific
Conbusti on of Switch fromcoal to Dust: 70 - 100 H ghly
coal fuels with | ower heavy case-specific
netal s em ssions
ESP (col d-si de) Cd, Pb: > 90; Specific
Hg: 10 - 40 i nvest ment

US$ 5-10/ nt waste
gas per hour
(> 200, 000 nt/ h)

Wet fl ue-gas desul - Cd, Pb: > 90;
phurization (FGD) a/ Hg: 10 - 90 b/
Fabric filters (FF) Cd: > 95; Pb: > 99; Specific
Hg: 10 - 60 i nvest ment
US$ 8- 15/ nf waste
gas per hour
(> 200, 000 nt/ h)
al Hg renoval efficiencies increase with the proportion of ionic

nmercury. High-dust selective catalytic reduction (SCR) installations
facilitate Hg(ll) formation
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b/ This is primarily for SO, reduction. Reduction in heavy netal
em ssions is a side benefit. (Specific investnent US$ 60-250/ kW,.)

Primary iron and steel industry (annex Il, category 2)

27. This section deals with enmi ssions fromsinter plants, pellet plants,

bl ast furnaces, and steelworks with a basic oxygen furnace (BOF). Em ssions
of Cd, Pb and Hg occur in association with particulates. The content of the
heavy netals of concern in the emtted dust depends on the conposition of the
raw materials and the types of alloying nmetals added in steel-naking. The
nost rel evant emission reduction nmeasures are outlined in table 4. Fabric
filters shoul d be used whenever possible; if conditions nake this inpossible,
el ectrostatic precipitators and/or high-efficiency scrubbers may be used.

28. VWhen using BAT in the primary iron and steel industry, the total specific
em ssion of dust directly related to the process can be reduced to the
followi ng | evels:

Sinter plants 40 - 120 g/ My
Pell et plants 40 g/ My
Bl ast furnace 35 - 50 g/ My
BOF 35 - 70 g/ My.
29. Purification of gases using fabric filters will reduce the dust content

to less than 20 ng/ nf, whereas electrostatic precipitators and scrubbers wll
reduce the dust content to 50 ng/nf (as an hourly average). However, there are
many applications of fabric filters in the primary iron and steel industry

t hat can achi eve much | ower val ues.
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Table 4: Em ssi on sources, control neasures, dust reduction efficiencies and
costs for the primary iron and steel industry
Emission Control measure(s) Dust reduction Abatement costs
source efficiency (%) (total costs US$)
Sinter plants Emi ssi on optim zed ca. 50
sintering
Scrubbers and ESP > 90
Fabric filters > 99
Pell et plants ESP + |linme reactor + > 99
fabric filters
Scr ubber s > 95 ..
Bl ast furnaces |FF / ESP > 99 ESP: 0.24-1/My pig-iron
Bl ast furnace |Wet scrubbers > 99
gas cl eani ng Wet ESP > 99 ..
BOF Primary dedusting: wet > 99 Dry ESP: 2.25/My stee
separ at or / ESP/ FF
Secondary dedusting: dry > 97 FF: 0.26/ My stee
ESP/ FF
Fugi tive Cl osed conveyor belts, 80 - 99
emni ssi ons encl osure, wetting
stored feedstock,
cl eani ng of roads
30. Direct reduction and direct snelting are under devel opnent and nay reduce

t he need for

sinter

pl ants and bl ast furnaces in the future.

The application

of these technol ogi es depends on the ore characteristics and requires the
resulting product to be processed in an electric arc furnace, which should be
equi pped with appropriate controls.

Secondary iron _and steel

industry (annex 11

category 3)

31. It

evacuati on.

is very inmportant to capture al
possi bl e by installing doghouses or
The captured eni ssions mnust

processes in the secondary iron and stee

filters,

consi dered as BAT.

whi ch reduces the dust content to |l ess than 20 ng/ n?,
When BAT is used al so for

i ndustry,
shal |

the emi ssions efficiently. That is
novabl e hoods or by total building
be cleaned. For all dust-emtting

dedusting in fabric

be

m nimzing fugitive emn ssions,

the specific dust em ssion (including fugitive enmission directly related to

the process) will

many exanpl es of clean gas dust content

used.

not exceed the range of 0.1 to 0.35 kg/ My steel
bel ow 10 ng/ nf when fabric filters are
The specific dust emission in such cases is normally below 0.1 kg/ M.

There are
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32. For the nelting of scrap, two different types of furnace are in use:
open-hearth furnaces and el ectric arc furnaces (EAF) where open-hearth
furnaces are about to be phased out.

33. The content of the heavy netals of concern in the enmitted dust depends on
the conposition of the iron and steel scrap and the types of alloying netals
added in steel-nmaki ng. Measurenments at EAF have shown that 95% of emitted
nmercury and 25% of cadmi um eni ssions occur as vapour. The nost rel evant dust
emi ssion reduction neasures are outlined in table 5.

Table 5: Em ssi on sources, control neasures, dust reduction efficiencies and
costs for the secondary iron and steel industry

Emi ssion source |Control neasure(s) Dust reduction Abat enent costs
efficiency (% (total costs USS$)

EAF ESP > 99 ..

FF > 99.5 FF: 24/ My stee
Iron foundries (annex ||, category 4)
34. It is very inportant to capture all the enmissions efficiently. That is
possi bl e by installing doghouses or novabl e hoods or by total building
evacuation. The captured em ssions nust be cleaned. In iron foundries,

cupol a furnaces, electric arc furnaces and induction furnaces are operated.
Direct particulate and gaseous heavy netal em ssions are especially associated
with nelting and sonetines, to a small extent, with pouring. Fugitive

emi ssions arise fromraw nmaterial handling, nmelting, pouring and fettling.

The nost rel evant emi ssion reduction neasures are outlined in table 6 with

t hei r achi evabl e reduction efficiencies and costs, where available. These
neasures can reduce dust concentrations to 20 ng/nf, or |ess.

35. The iron foundry industry conprises a very wi de range of process sites.
For existing smaller installations, the nmeasures listed may not be BAT if they
are not economically viable.
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Table 6: Em ssi on sources, control neasures, dust reduction efficiencies and
costs for iron foundries
Emission source Control measure(s) Dust reduction| Abatement costs
efficiency (%) | (total costs US$)
EAF ESP > 99 ..
FF > 99.5 FF: 24/ My iron
I nducti on furnace |FF/ dry absorption + FF > 99
Col d bl ast cupol a |Bel owt he-door take-off: FF > 98
Above-t he-door take-off:
FF + pre-dedusting > 97 8-12/ My iron
FF + chemi sorption > 99 45/ Mg iron
Hot bl ast cupola |FF + pre-dedusting > 99 23/ My iron
Di si ntegrator/
venturi scrubber > 97

Primary and secondary non-ferrous metal

industry (annex 11

and 6)

36.

This section deals with em ssions and em ssion control

categories 5

of Cd, Pb and Hg

in the primary and secondary production of non-ferrous netals like |ead,

copper, zinc,

tin and nickel

Due to the | arge nunber of different

materials used and the various processes appli ed,

netal s and heavy netal
heavy netal s of concern in this annex,

conpounds mi ght

are particularly relevant.

37.

soneti mes screening.

be enmitted fromthis sector
t he production of copper

Mercury ores and concentrates are initially processed by crushing,
O e beneficiation techniques are not

raw
ki nds of heavy

G ven the
| ead and zinc

nearly al

and
used extensively,

al though flotation has been used at sone facilities processing | ow grade ore.
The crushed ore is then heated in either

furnaces, at
subl i mat es.

col l ected as nmercury netal

shoul d be renoved,

| arge operati ons,
The resulting nercury vapour
Soot fromthe condensers and settling tanks
treated with linme and returned to the retort or

retorts,

at snmall operations, or

to the tenperatures at which nercuric sul phide

is condensed in a cooling system and

f ur nace.
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38. For efficient recovery of nercury the follow ng techni ques can be used:

- Measures to reduce dust generation during mining and stockpiling,
i ncluding minimzing the size of stockpiles;

- I ndi rect heating of the furnace;

- Keeping the ore as dry as possible;

- Bringing the gas tenperature entering the condenser to only 10 to
20° C above the dew point;

- Keepi ng the outlet tenperature as |ow as possible; and

- Passi ng reaction gases through a post-condensation scrubber and/or
a seleniumfilter.

Dust formation can be kept down by indirect heating, separate processing of

fine grain classes of ore, and control of ore water content. Dust should be
renoved fromthe hot reaction gas before it enters the nmercury condensation

unit with cyclones and/or electrostatic precipitators.

39. For gold production by amal gamation, sinilar strategies as for nmercury
can be applied. Gold is also produced using techni ques other than

amal gamati on, and these are considered to be the preferred option for new

pl ant s.

40. Non-ferrous netals are nainly produced from sul phitic ores. For
techni cal and product quality reasons, the off-gas must go through a thorough
dedusting (< 3 ng/n?¥) and could also require additional nmercury renoval before
being fed to an SO, contact plant, thereby also ninimzing heavy netal

emni ssi ons.

41. Fabric filters should be used when appropriate. A dust content of |ess
than 10 ng/ nf can be obtained. The dust of all pyronetallurgical production
shoul d be recycled in-plant or off-site, while protecting occupational health.

42. For primary | ead production, first experiences indicate that there are
interesting new direct snelting reduction technol ogies without sintering of
the concentrates. These processes are exanples of a new generation of direct
aut ogenous | ead snelting technol ogi es which pollute | ess and consune | ess
ener gy.

43. Secondary lead is nmainly produced fromused car and truck batteries,
whi ch are disnantl ed before being charged to the snelting furnace. This BAT
shoul d i nclude one nelting operation in a short rotary furnace or shaft
furnace. Oxy-fuel burners can reduce waste gas volunme and flue dust
production by 60% Cdeaning the flue-gas with fabric filters nakes it
possi bl e to achieve dust concentration |levels of 5 ng/nt.
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44, Primary zinc production is carried out by nmeans of roast-leach electrowin
technol ogy. Pressure |eaching may be an alternative to roasting and nay be
consi dered as a BAT for new plants dependi ng on the concentrate
characteristics. Enissions frompyronetallurgical zinc production in Inperial
Smelting (I'S) furnaces can be nmininmized by using a double bell furnace top and
cl eaning with high-efficiency scrubbers, efficient evacuation and cl eani ng of
gases fromslag and | ead casting, and thorough cleaning (< 10 ng/nf) of the
CO-rich furnace of f-gases.

45, To recover zinc from oxidized residues these are processed in an IS
furnace. Very |ow grade residues and flue dust (e.g. fromthe steel industry)
are first treated in rotary furnaces (Wel z-furnaces) in which a high-content
zinc oxide is manufactured. Metallic naterials are recycled through nelting
in either induction furnaces or furnaces with direct or indirect heating by
natural gas or liquid fuels or in vertical New Jersey retorts, in which a
large variety of oxidic and netallic secondary naterial can be recycled. Zinc
can al so be recovered fromlead furnace slags by a slag fum ng process.

Table 7 (a): Emi ssion sources, control neasures, dust reduction efficiencies
and costs for the primary non-ferrous netal industry

Emission source Control measure(s) Dust reduction Abatement
efficiency (%)| costs (total
costs US$)
Fugi tive emi ssions|Suction hoods, enclosure, etc.
of f-gas cl eaning by FF > 99 ..
Roast i ng/ sintering|Updraught sintering: ESP + .. 7 - 10/ My
scrubbers (prior to double H, SO,

contact sul phuric acid plant) +
FF for tail gases

Conventi onal Shaft furnace: closed top/
snel ting (bl ast efficient evacuation of tap
furnace reduction) |holes + FF, covered | aunders,
doubl e bell furnace top

I nperial smelting |Hi gh-efficiency scrubbing > 95
Venturi scrubbers .. ..
Doubl e bell furnace top . 4/ My neta

pr oduced

Pressure | eaching |Application depends on |eaching > 99 site-specific
characteristics of concentrates

Direct snelting Fl ash snelting, e.g. Kivcet,

reduction Qut okurmpu and M t subi shi

processes processes
Bath snelting, e.g. top bl own Ausnelt: Pb QSL:
rotary converter, Ausnelt, 77, Cd 97, operating
I sasnelt, QSL and Nor anda QSsL: costs

processes Pb 92, Cd 93 60/ My Pb
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Table 7 (b): Emi ssion sources, control neasures, dust reduction efficiencies
and costs for the secondary non-ferrous netal industry

Emission source Control measure(s) Dust reduction Abatement
efficiency (%) | costs (total
costs, US$)

Lead production Short rotary furnace: suction 99.9 45/ My Pb
hoods for tap holes + FF; tube
condenser, oxy-fuel burner

Zi nc production I nperial smelting > 95 14/ My Zn

46. In general, processes should be conmbined with an effective dust
collecting device for both prinmary gases and fugitive emnissions. The nost

rel evant emission reduction neasures are outlined in tables 7 (a) and (b).

Dust concentrations bel ow 5 ng/nf have been achi eved in sone cases using fabric
filters.

Cement industry (annex |1, category 7)

47. Cenent kilns may use secondary fuels such as waste oil or waste tyres.
Where waste is used, emi ssion requirenents for waste incineration processes
may apply, and where hazardous waste is used, depending on the amount used in
the plant, emission requirements for hazardous waste incineration processes
may apply. However, this section refers to fossil fuel fired kilns.

48. Particulates are enitted at all stages of the cenment production process,
consisting of material handling, raw material preparation (crushers, dryers),
clinker production and cenent preparation. Heavy nmetals are brought into the
cenent kiln with the raw naterials, fossil and waste fuels.

49, For clinker production the following kiln types are available: |ong wet
rotary kiln, long dry rotary kiln, rotary kiln with cyclone preheater, rotary
kiln with grate preheater, shaft furnace. |In ternms of energy demand and

em ssi on control opportunities, rotary kilns with cyclone preheaters are
preferabl e.

50. For heat recovery purposes, rotary kiln off-gases are conducted through
the preheating systemand the nill dryers (where installed) before being
dedusted. The collected dust is returned to the feed nateri al

51. Less than 0.5% of |ead and cadmiumentering the kiln is released in
exhaust gases. The high alkali content and the scrubbing action in the kiln
favour metal retention in the clinker or kiln dust.

52. The em ssions of heavy netals into the air can be reduced by, for

i nstance, taking off a bleed streamand stockpiling the collected dust instead
of returning it to the raw feed. However, in each case these considerations
shoul d be wei ghed agai nst the consequences of releasing the heavy netals into
the waste stockpile. Another possibility is the hot-neal bypass, where
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cal ci ned hot - neal

and fed to the cenent
Anot her

to the clinker.

is in part discharged right

preparation plant.
i mportant

nmeasure is a very well

in front of the kiln entrance
t he dust can be added
control | ed steady

Al ternatively,

operation of the kiln in order to avoid enmergency shut-offs of the

el ectrostatic precip
concentrations. It

itators. These may
is inportant to avoi

be caused by excessive CO

d hi gh peaks of heavy netal emnissions

in the event of such an energency shut-off.

53. The nost

To reduce direct dust enissions fromcrushers,

rel evant enission reduction neasures are outlined in table 8.

mlls, and dryers, fabric

filters are mainly used, whereas kiln and clinker cooler waste gases are

controlled by electrostatic precipitators.
concentrations bel ow 50 ng/nf. When FF are used,

Wth ESP, dust can be reduced to
the cl ean gas dust content

can be reduced to 10 ng/ nt.
Table 8: Emi ssion sources, control neasures, reduction efficiencies and
costs for the cement industry
Emission source Control measure(s) |Reduction efficiency (%)|Abatement costs
Direct em ssions FF Cd, Pb: > 95
from crushers,
mlls, dryers
Direct em ssions ESP Cd, Pb: > 95
fromrotary kil ns,
clinker coolers
Direct em ssions Car bon adsor ption Hg: > 95
fromrotary Kilns

Glass industry (anne

54. In the gl ass

the various types of glass in which lead is introduced as raw nateri al
In the case of soda-line container glass,

crystal glass, catho

x |Il, category 8)

ndustry, |ead em ssi

de ray tubes).

ons are particularly relevant given
(e.qg.

| ead emi ssions depend on the quality of the recycled glass used in the

process. The lead c
about 20-60%

55.
from furnace opening
depend notably on th
gl ass produced. Oxy
production by 60%

ont ent

Dust emissions stemmainly from batch m xing,
and finishing and bl asting of glass products.

S!
e type of fue
- fuel

used,

The | ead eni ssions fromelectrica

in dusts fromcrysta

glass nelting is usually

furnaces, diffuse |eakages
They

the furnace type and the type of

burners can reduce waste gas volunme and fl ue dust

heating are

consi derably lower than fromoil/gas-firing

56.

greatly.

The batch is nelted in continuous tanks,
the nmelting cycle using discontinuous furnaces,
The dust enissions fromcrystal

day tanks or crucibles.
t he dust emi ssion varies
gl ass tanks (<5 kg/ My nelted gl ass)

Duri ng

are higher than fromother tanks (<1 kg/Mj nelted soda and potash gl ass).
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57. Sone neasures to reduce direct netal -containing dust em ssions are:
pelleting the glass batch, changing the heating systemfromoil/gas-firing to
el ectrical heating, charging a larger share of glass returns in the batch, and
applying a better selection of raw naterials (size distribution) and recycled
gl ass (avoiding | ead-containing fractions). Exhaust gases can be cleaned in
fabric filters, reducing the em ssions below 10 ng/nf. Wth electrostatic
precipitators 30 ng/nf is achieved. The correspondi ng em ssion reduction
efficiencies are given in table 9.
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58. The devel opnent of crystal glass wthout |ead conpounds is in progress.
Table 9: Emi ssi on sources, control neasures, dust reduction efficiencies

and costs for the glass industry
Emission source Control measure(s) Dust reduction Abatement costs

efficiency (%) (total costs)
Direct em ssions FF > 98
ESP > 90

Chlor-alkali _industry (annex |Il, category 9)
59. In the chlor-alkali industry, d,, alkali hydroxides and hydrogen are

produced through electrolysis of a salt solution. Comonly used in existing
plants are the nercury process and the di aphragm process, both of which need
the introduction of good practices to avoid environnmental problens. The
nmenbrane process results in no direct mercury enissions. Moreover, it shows a
| ower electrolytic energy and higher heat denmand for al kali hydroxide
concentration (the global energy balance resulting in a slight advantage for
nmenbrane cell technology in the range of 10 to 15% and a nore conpact cel
operation. It is, therefore, considered as the preferred option for new
plants. Decision 90/3 of 14 June 1990 of the Conmi ssion for the Prevention of
Mari ne Pollution from Land-based Sources (PARCOM reconmends that existing
mercury cell chlor-alkali plants should be phased out as soon as practicable
wi th the objective of phasing themout conpletely by 2010.

60. The specific investnent for replacing nmercury cells by the nmenbrane
process is reported to be in the region of US$ 700-1000/ My C , capacity.

Al t hough additional costs may result from inter alia, higher utility costs
and brine purification cost, the operating cost will in nbst cases decrease.
This is due to savings mainly fromlower energy consunption, and | ower waste-
wat er treatnent and waste-di sposal costs.

61. The sources of mercury enissions into the environnment in the nercury
process are: cell roomventilation; process exhausts; products, particularly
hydr ogen; and waste water. Wth regard to enissions into air, Hg diffusely
emitted fromthe cells to the cell roomare particularly relevant. Preventive
neasures and control are of great inportance and should be prioritized
according to the relative inportance of each source at a particul ar
installation. In any case specific control neasures are required when nercury
is recovered fromsludges resulting fromthe process.
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62. The foll owi ng neasures can be taken to reduce emni ssions from existing
nmercury process plants:

- Process control and technical measures to optimze cell operation
mai nt enance and nore efficient working nethods;

- Coverings, sealings and controlled bl eeding-off by suction

- Gl eaning of cell roons and neasures that nake it easier to keep
t hem cl ean; and

- Cleaning of Iimted gas streans (certain contaninated air streans
and hydrogen gas).

63. These neasures can cut nmercury em ssions to values well below 2.0 g/ My

of O, production capacity, expressed as an annual average. There are
exanpl es of plants that achieve enissions well below 1.0 g/My of O, production
capacity. As a result of PARCOM deci sion 90/3, existing mercury-based chl or-
alkali plants were required to neet the level of 2 g of Hg/ My of O, by 31
Decenmber 1996 for emi ssions covered by the Convention for the Prevention of
Mari ne Pollution from Land-based Sources. Since enissions depend to a |arge
extent on good operating practices, the average shoul d depend on and incl ude
mai nt enance periods of one year or |ess.

Municipal, medical and hazardous waste incineration (annex |1, categories 10
and 11)
64. Emi ssions of cadmium lead and nercury result fromthe incineration of

nmuni ci pal, medi cal and hazardous waste. Mercury, a substantial part of
cadmi um and minor parts of lead are volatilized in the process. Particular
actions should be taken both before and after incineration to reduce these
em ssi ons.

65. The best avail able technol ogy for dedusting is considered to be fabric
filters in conbination with dry or wet methods for controlling volatiles.

El ectrostatic precipitators in conbination with wet systens can al so be
designed to reach | ow dust em ssions, but they offer fewer opportunities than
fabric filters especially with pre-coating for adsorption of volatile

pol | ut ants.

66. When BAT is used for cleaning the flue gases, the concentration of dust
will be reduced to a range of 10 to 20 ng/n?; in practice |ower concentrations
are reached, and in sone cases concentrations of |ess than 1 ng/nf have been
reported. The concentration of mercury can be reduced to a range of 0.05 to
0.10 ng/n? (normalized to 11% 0,).
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67. The nost
table 10. It

rel evant secondary em ssion reduction nmeasures are outlined in
is difficult to provide generally valid data because the

relative costs in US$/tonne depend on a particularly w de range of

site-specific variabl es,

68.
(e.g. products,

r educed.
strat egi es,
mat eri al s.

| andfill ed.

Heavy netals are found in al
paper,
quantity of nunicipal

In addition,

wast e t hat

organic materials).
i s incinerated, heavy neta
Thi s can be acconplished through vari ous waste managenent

i ncl udi ng recycling programes and the conposting of organic
sone UN ECE countries allow rmunici pa
In a properly managed | andfill,

such as waste conposition

fractions of the nunici pal

Ther ef or e,

wast e stream
by reducing the
en ssi ons can be

waste to be
em ssions of cadmi um and | ead are

elimnated and nercury em ssions nay be |lower than with incineration
Research on emi ssions of mercury fromlandfills is taking place in severa

UN ECE countri es.

Table 10:

Em ssi on sources,
costs for

control
nmuni ci pal, nedi ca

neasur es,

reduction efficiencies and
and hazardous waste incineration

Emission source

Control measure(s)

Reduction efficiency

Abatement costs

) (total costs US$)
Stack gases Hi gh-efficiency Pb, Cd: > 98;
scrubbers Hg: ca. 50
ESP (3 fields) Pb, Cd; 80 - 90 10- 20/ My wast e
Wet ESP (1 field) Pb, Cd: 95 - 99 ..
Fabric filters Pb, Cd: 95 - 99 15-30/ My waste
Carbon injection + FF |Hg: > 85 operating costs:
ca. 2-3/ My waste

Carbon bed filtration |Hg: > 99 operating costs:

ca. 50/ My waste
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Annex 1V

TIMESCALES FOR THE APPLICATION OF LIMIT VALUES AND BEST AVAILABLE
TECHNIQUES TO NEW AND EXISTING STATIONARY SOURCES

The tinescales for the application of Iinmit values and best avail able
t echni ques are:

(a) For new stationary sources: two years after the date of entry into
force of the present Protocol

(b) For existing stationary sources: eight years after the date of
entry into force of the present Protocol. |If necessary, this period may be
ext ended for specific existing stationary sources in accordance with the
anortization period provided for by national |egislation.
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Annex V
LIMIT VALUES FOR CONTROLLING EMISSIONS FROM MAJOR STATIONARY SOURCES
1. INTRODUCTION
1. Two types of limt value are inportant for heavy netal enission control

- Val ues for specific heavy nmetals or groups of heavy netals; and
- Val ues for emissions of particulate matter in general

2. In principle, limt values for particulate matter cannot replace
specific limt values for cadmum |ead and nmercury, because the quantity of
netal s associated with particulate em ssions differs fromone process to

anot her. However, conpliance with these linmts contributes significantly to
reduci ng heavy netal emissions in general. Mreover, nonitoring particul ate
em ssions is generally | ess expensive than nonitoring individual species and
conti nuous nonitoring of individual heavy netals is in general not feasible.
Therefore, particulate limt values are of great practical inportance and are
also laid down in this annex in nost cases to conplenment or replace specific
l[imt values for cadmiumor |ead or nercury.

3. Limt values, expressed as ng/n?, refer to standard conditions (vol une at
273.15 K, 101.3 kPa, dry gas) and are cal cul ated as an average val ue of

one- hour neasurenents, covering several hours of operation, as a rule 24
hours. Periods of start-up and shutdown shoul d be excluded. The averaging

ti me may be extended when required to achieve sufficiently precise nonitoring
results. Wth regard to the oxygen content of the waste gas, the val ues given
for selected major stationary sources shall apply. Any dilution for the

pur pose of | owering concentrations of pollutants in waste gases is forbidden
Limt values for heavy netals include the solid, gaseous and vapour form of
the netal and its conmpounds, expressed as the netal. Wenever limt values
for total em ssions are given, expressed as g/unit of production or capacity
respectively, they refer to the sumof stack and fugitive em ssions,

cal cul ated as an annual val ue.

4, In cases in which an exceeding of given linit values cannot be excl uded,
ei ther emi ssions or a perfornance paraneter that indicates whether a control
device is being properly operated and nai ntai ned shall be nonitored.

Moni toring of either em ssions or performance indicators should take place

continuously if the emtted nass flow of particulates is above 10 kg/h. If
emi ssions are nonitored, the concentrations of air pollutants in gas-carrying
ducts have to be neasured in a representative fashion. |If particulate matter

is monitored di scontinuously, the concentrations should be nmeasured at regul ar
intervals, taking at |east three i ndependent readi ngs per check. Sanpling and
analysis of all pollutants as well as reference nmeasurenent methods to
cal i brate automated neasurenent systens shall be carried out according to the
standards laid down by the Conité européen de normalisation (CEN) or the
International Oganization for Standardization (1SO. Wile awaiting the
devel opnent of the CEN or |SO standards, national standards shall apply.
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Nat i onal standards can al so be used if they provide equivalent results to CEN
or | SO st andar ds.

5. In the case of continuous nonitoring, conpliance with the Iimt val ues
is achieved i f none of the cal cul ated average 24-hour emni ssion concentrations
exceeds the limt value or if the 24-hour average of the nonitored paraneter
does not exceed the correlated value of that paranmeter that was established
during a performance test when the control device was being properly operated
and nmaintained. In the case of discontinuous em ssion nonitoring, conpliance
is achieved if the average readi ng per check does not exceed the val ue of the
[imt. Conpliance with each of the [inmt values expressed as total em ssions
per unit of production or total annual emi ssions is achieved if the nonitored
val ue i s not exceeded, as described above.

1. SPECIFIC LIMIT VALUES FOR SELECTED MAJOR STATIONARY SOURCES

Conbustion of fossil fuels (annex I, category 1):

6. Limt values refer to 6% O, in flue gas for solid fuels and to 3% G, for
[iquid fuels.

7. Limt value for particulate emssions for solid and Iiquid fuels:
50 ng/ nt.

Sinter plants (annex |I, category 2):

8. Limt value for particulate em ssions: 50 ng/nf.

Pell et plants (annex Il, category 2):

9. Limt value for particulate eni ssions:

(a) Ginding, drying: 25 ng/nf; and

(b) Pel l etizing: 25 ng/nf; or

10. Limt value for total particulate em ssions: 40 g/ My of pellets
pr oduced.

Bl ast furnaces (annex |l, category 3):

11. Limt value for particulate em ssions: 50 ng/nt.

Electric arc furnaces (annex |l, category 3):

12. Limt value for particulate em ssions: 20 ng/n?.

Production of copper and zinc, including Inperial Snelting furnaces (annex Il
categories 5 and 6):

13. Limt value for particulate em ssions: 20 ng/nf.
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Production of lead (annex Il, categories 5 and 6):

14. Limt value for particulate em ssions: 10 ng/n?.

Cenent industry (annex |1, category 7):

15. Limt value for particulate em ssions: 50 ng/nt.

G ass industry (annex |1, category 8):

16. Limt values refer to different O, concentrations in flue gas dependi ng

on furnace type: tank furnaces: 8% pot furnaces and day tanks: 13%

17. Limt value for | ead em ssions: 5 ng/nt.
Chlor-alkali industry (annex |l, category 9):
18. Limt values refer to the total quantity of nercury rel eased by a pl ant

into the air, regardless of the em ssion source and expressed as an annua
nean val ue.

19. Limt values for existing chlor-alkali plants shall be evaluated by the
Parties nmeeting within the Executive Body no later than two years after the
date of entry into force of the present Protocol

20. Limt value for new chlor-alkali plants: 0.01 g Hg/ My O, production
capacity.

Muni ci pal , nedi cal _and hazardous waste incineration (annex Il, categories 10
and 11):

21. Limt values refer to 11% O, concentration in flue gas.

22. Limt value for particulate enissions:

(a) 10 ng/ nm? for hazardous and nedical waste incineration

(b) 25 ng/n? for nunicipal waste incineration
23. Limt value for mercury em ssions:

(a) 0.05 ng/ n? for hazardous waste incineration

(b) 0.08 ng/ n? for munici pal waste incineration

(c) Limt values for mercury-containing em ssions fromnmedi cal waste
i ncineration shall be evaluated by the Parties neeting within the Executive

Body no later than two years after the date of entry into force of the present
Pr ot ocol
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Annex VI
PRODUCT CONTROL MEASURES
1. Except as otherwi se provided in this annex, no later than six nonths

after the date of entry into force of the present Protocol, the |ead content
of marketed petrol intended for on-road vehicles shall not exceed 0.013 g/I.
Parties marketing unl eaded petrol with a | ead content |ower than 0.013 g/l
shall endeavour to maintain or |ower that |evel.

2. Each Party shall endeavour to ensure that the change to fuels with a
| ead content as specified in paragraph 1 above results in an overall reduction
in the harnful effects on hunman health and the environnent.

3. Where a State determines that linmting the | ead content of marketed
petrol in accordance with paragraph 1 above would result in severe

soci o-econom ¢ or technical problenms for it or would not |lead to overal

envi ronnental or health benefits because of, inter alia, its climte
situation, it nmay extend the time period given in that paragraph to a period
of up to 10 years, during which it may nmarket |eaded petrol with a | ead
content not exceeding 0.15 g/l. In such a case, the State shall specify, in a
declaration to be deposited together with its instrunment of ratification
acceptance, approval or accession, that it intends to extend the tine period
and present to the Executive Body in witing information on the reasons for
this.

4, A Party is permitted to market small quantities, up to 0.5 per cent of
its total petrol sales, of |eaded petrol with a | ead content not exceedi ng
0.15 g/l to be used by old on-road vehicles.

5. Each Party shall, no later than five years, or ten years for countries
with economies in transition that state their intention to adopt a ten-year
period in a declaration to be deposited with their instrunent of ratification
acceptance, approval or accession, after the date of entry into force of this
Prot ocol, achi eve concentration | evels which do not exceed:

(a) 0.05 per cent of nercury by weight in alkaline manganese batteries
for prolonged use in extreme conditions (e.g. tenperature bel ow 0°C or above
50°C, exposed to shocks); and

(b) 0.025 per cent of mercury by weight in all other alkaline
nmanganese batteri es.
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The above limts nmay be exceeded for a new application of a battery

technol ogy, or use of a battery in a new product, if reasonabl e safeguards are
taken to ensure that the resulting battery or product w thout an easily
renovabl e battery will be disposed of in an environnentally sound manner.

Al kal i ne manganese button cells and batteries conposed of button cells shall

al so be exenpted fromthis obligation.
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Annex VII
PRODUCT MANAGEMENT MEASURES
1. This annex ainms to provide guidance to Parties on product nanagenent
measur es.
2. The Parties may consider appropriate product nmanagenent neasures such as

those |isted bel ow, where warranted as a result of the potential risk of
adverse effects on human health or the environnent from emnissions of one or
nore of the heavy netals listed in annex |, taking into account all relevant
ri sks and benefits of such neasures, with a viewto ensuring that any changes
to products result in an overall reduction of harnful effects on human health
and the environnent:

(a) The substitution of products containing one or nore intentionally
added heavy netals listed in annex I, if a suitable alternative exists;

(b) The minimzation or substitution in products of one or nore
intentionally added heavy netals listed in annex |

(c) The provision of product information including |abelling to ensure
that users are infornmed of the content of one or nore intentionally added
heavy netals listed in annex | and of the need for safe use and waste
handl i ng;

(d) The use of econom c incentives or voluntary agreenents to reduce
or elimnate the content in products of the heavy netals listed in annex |
and

(e) The devel opnent and i npl enentati on of programes for the
collection, recycling or disposal of products containing one of the heavy
netals in annex | in an environnentally sound manner

3. Each product or product group listed bel ow contains one or nore of the
heavy netals listed in annex | and is the subject of regulatory or voluntary
action by at least one Party to the Convention based for a significant part on
the contribution of that product to emnissions of one or nore of the heavy

netals in annex |I. However, sufficient information is not yet available to
confirmthat they are a significant source for all Parties, thereby warranting
inclusion in annex VI. Each Party is encouraged to consider avail able

i nformati on and, where satisfied of the need to take precautionary neasures,
to apply product nmanagenent mneasures such as those listed in paragraph 2 above
to one or nore of the products listed bel ow
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(a) Mer cury-contai ning el ectrical conmponents, i.e. devices that
contain one or several contacts/sensors for the transfer of electrical current
such as relays, thernostats, |evel switches, pressure switches and ot her
switches (actions taken include a ban on nost nercury-containing electrica
conponents; voluntary progranmes to replace sone nercury switches with
el ectronic or special switches; voluntary recycling programes for swtches;
and vol untary recycling programes for thernostats);

(b) Mer cury- cont ai ni ng nmeasuri ng devi ces such as thernoneters,
nmanomnmet ers, baroneters, pressure gauges, pressure switches and pressure
transmitters (actions taken include a ban on nercury-containing thernmoneters
and ban on neasuring instrunents);

(c) Mer cury-contai ning fluorescent |anps (actions taken include
reductions in nmercury content per |anp through both voluntary and regul atory
programes and vol untary recycling progranmes);

(d) Mer cury- cont ai ni ng dental amal gam (actions taken include voluntary
neasures and a ban with exenptions on the use of dental amal gans and vol untary
programes to pronote capture of dental anmal gam before rel ease to water
treatment plants fromdental surgeries);

(e) Mer cury- cont ai ni ng pesticides including seed dressing (actions
taken include bans on all mercury pesticides including seed treatnents and a
ban on nercury use as a disinfectant);

(f) Mer cury-contai ning paint (actions taken include bans on all such
pai nts, bans on such paints for interior use and use on children' s toys; and
bans on use in antifouling paints); and

(9) Mer cury-contai ning batteries other than those covered in annex VI
(actions taken include reductions in mercury content through both voluntary
and regul atory programes and environmental charges and voluntary recycling
programes) .



