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ABOUT THE SOURCEBOOK

How was the Sourcebook prepared?

The United Nations Environment Programme (UNEP)
Governing Council (GC), in decision 25/5, requested
UNEP to enhance capacity for mercury storage and pro-
vide information on the sound management of mercury
and mercury wastes. The project for the preparation of
the ‘Practical Sourcebook on Mercury Waste Storage and
Disposal’ (hereinafter referred to as the ‘Sourcebook’)
is one of UNEP’s responses to this request. The project
is a joint initiative of UNEP Chemicals Branch, Division
of Technology Industry and Economics (DTIE), UNEP’s
International Environmental Technology Centre (IETC),
and the International Solid Waste Association (ISWA)
under the UNEP Global Mercury Partnership. Drawing
on existing work within the Global Mercury Partnership
(notably the Partnership areas on waste management,
supply and storage, products, and chlor-alkali), including
studies, guidance and information material disseminated
by the Partnership, as well as other relevant documents,
reports and publications, the Sourcebook has been pre-
pared in a consultative process, involving experts from
governments, the private sector, civil society, academia
and intergovernmental organizations (IGOs). Selected
experts were partners of the Global Mercury Partnership,
other experts UNEP Chemicals has worked with under the
Partnership umbrella, and members of ISWA’s Working
Group on Hazardous Waste. Their role was to provide
input for preparation of the Sourcebook and to give feed-
back on the various drafts, including at a face-to-face
meeting held in Vienna in August 2014.

Who is the audience?

The main target audience of the Sourcebook are technical
staff, line officers and managers in governmental bodies
involved in the management of mercury wastes, particu-
larly in developing countries and countries with econo-
mies in transition. The Sourcebook may also serve as
a useful reference for other stakeholders involved in the
management of mercury wastes, including industry and
civil society.

What is the purpose?

The overall objective is to enhance the capacity of govern-
ments — but also industry and the general public — to store
and dispose mercury wastes in an environmentally sound
manner. The Sourcebook aims to do so by providing
information on commercially available storage and dispo-
sal technologies. This document is envisaged to address
practical questions such as: What are mercury wastes?
Where are they generated? How can mercury wastes be
recovered and recycled? Which options and experiences
exist for the storage and disposal of mercury wastes?
The Sourcebook synthesizes existing knowledge in the
field of storage and disposal to provide answers to these
questions. It will thus allow relevant stakeholders to make
informed choices and ensure the environmentally sound
management (ESM) of mercury wastes.

What is the format?

The Sourcebook is a practical introduction to mercury
waste storage and disposal. The Sourcebook should
not be used as guidance. Other sources, such as the
‘Updated Technical Guidelines for the Environmentally
Sound Management of Wastes Consisting of, Containing,
or Contaminated with Mercury or Mercury Compounds™
(hereinafter referred to as Basel Technical Guidelines)
provide greater detail regarding mercury waste storage
and disposal and are cross-referenced in this document.
The updated Basel Technical Guidelines were adopted
by the Conference of the Parties (COP) to the Basel
Convention at its twelfth meeting in May 2015.

What is the scope?

The focus is on the environmentally sound storage and dis-
posal of mercury wastes. However, storage and disposal
cannot be understood in isolation. Rather, it is necessary
to take a holistic approach towards mercury waste mana-
gement. To the extent possible, the Sourcebook therefore
also discusses issues such as the types and sources of
mercury wastes, handling, packaging, labelling and trans-
port of mercury wastes, traceability, and recovery/recycling.



Which aspects are not covered?

The Sourcebook does not go into detail regarding the
waste prevention/minimization dimension, for example
green chemistry. Thus, the question of mercury-free
alternatives and similar issues are not discussed. The
Sourcebook also does not address commodity mercury.

What is the relationship with other documents
and processes?

The Sourcebook aims to provide a practical perspec-
tive to existing technical documents, such as the Basel
Technical Guidelines. The Sourcebook may also identify
issues and approaches governments may wish to eva-
luate when planning theirimplementation of the Minamata
Convention on Mercury?, in particular Art. 11 on mercury
wastes. The Minamata Convention on Mercury is a global
treaty to protect human health and the environment from
the adverse effects of mercury. It was agreed at the fifth
session of the Intergovernmental Negotiating Committee
in Geneva, Switzerland, on 19 January 2013 and was
adopted and opened for signature on 10 October 2013,
at the Conference of Plenipotentiaries in Kumamoto,
Japan. The Convention shall enter into force on the nine-
tieth day after the date of deposit of the fiftieth instrument
of ratification, acceptance, approval or accession.

The Sourcebook does not introduce any new definitions
or meanings. In particular, it does not in any way modify or
otherwise affect existing terminology that is consolidated
under the Basel Technical Guidelines. Where devia-
ting terminology is used, this is solely for the purpose
of providing practical language within the framework of
this Sourcebook. Nothing in the Sourcebook is intended
to pre-empt any relevant international processes. This
document is for informational purposes only and is not
intended to create precedents on the issues and topics
covered. This document may not be used to interpret the
obligations of the Basel and Minamata Conventions.
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Towards the Environmentally Sound Storage and Disposal of Mercury Wastes

Make a national inventory
of mercury and mercury wastes

Sources of wastes containing or contaminated

Sources of mercury supply with mercury or mercury compounds
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Sites contaminated
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Figure 1: Towards the Environmentally Sound Storage and Disposal of Mercury Wastes



INTRODUCTION:

Mercury as a Global Pollutant

“Mercury is a chemical of global concern owing to its long-range atmos-
pheric transport, its persistence in the environment once anthropoge-
nically introduced, its ability to bioaccumulate in ecosystems and its
significant negative effects on human health and the environment”
(first preamble of the Minamata Convention on Mercury)

Mercury is a naturally occurring chemical element with
symbol Hg that cannot be destroyed. It exists in several
forms: as elemental/metallic mercury, methylmercury,
and other organic or inorganic compounds. Mercury is
a heavy metal and the only metal that is liquid at room
temperature. It has a very low vapour pressure and
slowly evaporates even at ambient temperature.

Mercury is released to the environment from natural
sources and as a result of human activities. Once it has
been released, mercury persists in the environment,
cycling between air, land and water, and biomagnifies
up the food chain. Mercury is highly toxic, especially
affecting the nervous system, the brain, the heart, the
kidneys, the lungs and the immune system.

Because of its significant negative effects on human health
and the environment, mercury has increasingly become
the focus of decision-makers. In 2013, governments took
decisive action by adopting the Minamata Convention on
Mercury, whose objective is to protect human health and
the environment from anthropogenic emissions and re-
leases of mercury and mercury compounds.

Mercury wastes are recognized as hazardous wastes
for which special precautions are necessary in order

to avoid emissions and releases of mercury into the
environment. Mercury wastes can lead to releases of
mercury into the environment if they are not managed
in an environmentally sound manner.’

In the past, there were a number of cases of mercury
pollution that occurred because mercury wastes were
not managed in an environmentally sound manner. For
example, in Japan, methylmercury was discharged for
several decades in the industrial wastewater into the
bay of Minamata. Due to the consumption of fish, large
parts of the local population suffered from methylmer-
cury poisoning, the so-called ‘Minamata disease’.?

Due to the threats mercury wastes pose to human
health and the environment, these wastes need to be
managed in an environmentally sound manner. This
Sourcebook aims to present ways of doing so. In par-
ticular, the last chapter summarizes options as well as
possible steps for the implementation of environmen-
tally sound storage and disposal of mercury wastes.

As a further source of information on mercury, see for
example the ‘Global Mercury Assessment 2013, the
website of the UNEP Global Mercury Partnership® or
UNEP’s publication ‘Mercury: Time to Act®.






TYPES AND SOURCES
OF MERCURY WASTES

CHAPTER 1:
Types and Sources of Mercury Wastes

In order to ensure environmentally sound storage and disposal of mer-
cury wastes, it is useful to understand the types of mercury wastes
that exist at national level as well as the sources generating them. This
chapter starts with a short introduction on types, characteristics, and in-
ventories of mercury wastes. The idea that mercury supply may exceed
demand is introduced to alert the reader that sufficient capacities may
be needed to manage excess mercury in an environmentally sound
manner. The chapter closes with an overview of the sources of each
of the types of mercury wastes. Each of the types of mercury wastes
may come from different sources. Some sources may generate several
types of mercury wastes.

1.1 Types of Mercury Wastes

The Basel Technical Guidelines as well as the Minamata
Convention on Mercury identify three categories of
mercury wastes: Wastes consisting of mercury or
mercury compounds, wastes containing mercury
or mercury compounds and wastes contaminated
with mercury or mercury compounds (see Box 1,
Box 2, and Box 3). ‘Mercury’ means elemental mercury
(Hg(0), CAS No. 7439-97-6).
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Wastes Consisting of Mercury or Mercury Compounds

For example excess mercury from the decommissioning of chlor-alkali faci-
lities, mercury recovered from wastes containing mercury or mercury com-
pounds or wastes contaminated with mercury or mercury compounds or
surplus stock of mercury or mercury compounds designated as waste.

Photo 1: Mercury

Box 1: Wastes Consisting of Mercury or Mercury Compounds

Wastes Containing Mercury or Mercury Compounds

Wastes of mercury-added products that easily release mercury into the environ-
ment including when they are broken (e.g. mercury thermometers, fluorescent
lamps); other wastes of mercury-added products (e.g. batteries); and wastes
containing mercury or mercury compounds that result from a treatment of mercury.

Q " F.! .'; i :
Photo 2: Example of Spent Mercury-added
Products

Box 2: Wastes Containing Mercury or Mercury Compounds

Wastes Contaminated with Mercury or Mercury Compounds

For example residues generated from mining processes, industrial pro-
cesses, or waste treatment processes.

Photo 3: Example of Waste Contaminated

with Mercury

Box 3: Wastes Contaminated with Mercury or Mercury Compounds

Art. 11, para. 2 of the Minamata Convention provides a
definition of mercury wastes (see Box 4).

Mercury Wastes under the Minamata Convention: Art. 11, Para. 2
“For the purposes of this Convention, mercury wastes means substances or objects:

a) Consisting of mercury or mercury compounds;
b) Containing mercury or mercury compounds; or
c) Contaminated with mercury or mercury compounds,

in a quantity above the relevant thresholds defined by the Conference of the Patrties, in collaboration with the rele-
vant bodies of the Basel Convention in a harmonized manner, that are disposed of or are intended to be disposed
of or are required to be disposed of by the provisions of national law or this Convention. This definition excludes
overburden, waste rock and tailings from mining, except from primary mercury mining, unless they contain mer-
cury or mercury compounds above thresholds defined by the Conference of the Parties.”

Box 4: Mercury Wastes under the Minamata Convention: Art. 11, Para. 2

7
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Wastes contaminated with mercury and wastes con-
taining mercury mainly differ in their origin, not neces-
sarily in their mercury content. It may also be impor-
tant to note that the volume of wastes containing or
contaminated with mercury may be much larger than
the volume of waste consisting of mercury, although
they may contain mercury at very low concentrations.”®

1.2 Characterization of Mercury Wastes

The first step is to determine whether mercury is pre-
sent in the waste. Equipment for this purpose is com-
mercially available at relatively low costs. Some hand-
held equipment such as the X-ray Fluorescence (XRF)
or Lumex can initially determine if mercury is present.
In many mercury-added products it is relatively easy to
determine the type and amount of mercury present. In
industrial cases it may be useful to conduct a chemical
analysis of mercury wastes to determine its characte-
ristics. Among others, information may be gathered on
speciation, mobility of mercury in the waste (see
Box 5), mercury content and concentration, vapour
pressure etc.

Examples of Methods to Determine the Mobility and Leachability of Mercury in Wastes

Detailed laboratory methods are available to determine the mobility of mercury in wastes (also see the Basel
Technical Guidelines), two of which are the ‘Toxicity Characteristic Leaching Procedure’ (TCLP) and the ‘Lea-
ching Environmental Assessment Framework’ (LEAF), designed by the United States (US) Environmental Pro-
tection Agency (EPA). The TCLP analysis simulates landfill conditions to determine the mobility of both organic
and inorganic analytes present in liquid, solid, and multiphasic wastes.®'° The recently-developed LEAF leach
test methods allow assessment of leaching potential over a range of conditions (pH values), or defined site-spe-
cific conditions. In the European Union (EU), the sampling and test methods which have to be used to determine
the leachability of mercury wastes are set in Section 3 of the Annex to the Council Decision 2003/33/EC on waste

acceptance criteria.?

Box 5: Examples of Methods to Determine the Mobility and Leachability of Mercury in Wastes

Among others, this information may be used for the fol-
lowing purposes:

+ Evaluate whether a waste classifies as mercury
waste.

+ Assess compliance with regulatory standards.

+ Determine suitability/necessity of specific recovery
or disposal operations (see for example Table 1).
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: Classification of Mercury Wastes under the :
: US EPA Land Disposal Restrictions Program™ :

Low mercury wastes

Hazardous wastes containing less than 260 mg/kg of :
: total mercury.

Must be treated up to 0.20 mg/L as measured using the
: TCLP for mercury waste from retorting and 0.025mg/L :
. for all others. :

. High mercury wastes
Characteristically hazardous mercury wastes contai- :
: ning greater than 260mg/kg of total mercury.

: Required to undergo roasting or retorting in a thermal :
: processing unit capable of volatilizing mercury and :
: subsequently condensing the volatilized mercury for
: recovery.

Table 1: Classification of Mercury Wastes under the US EPA Land Dispo-
sal Resfrictions Program

Sampling and analysis needs to be done by trained

. professionals, in accredited laboratories, using inter-

nationally accepted or nationally approved methods,

© and subjected to rigorous quality assurance and
: quality control'. An overview of methods to determine
"+ the mobility, concentrations, content and speciation of
: mercury in waste can be found in the Basel Technical
. Guidelines.

1.3 Inventories of Mercury and Mercury Wastes

Inventories can be an important tool for identifying,
. quantifying and characterizing stocks and sources
. of mercury and mercury wastes. Under the Minama-

ta Convention, Parties shall endeavour to identify

. stocks of mercury as well as sources of mercury
: supply above certain thresholds (see Box 6). Govern-

ments may also wish to identify stocks and sources
below the thresholds set by the Minamata Convention
to further refine their knowledge about mercury within

. their country.

Identification of Stocks and Sources of Mercury under the Minamata Convention:

Art. 3, Para. 5 (a)

“Each party shall endeavour to identify individual stocks of mercury or mercury compounds exceeding 50 metric
tons, as well as sources of mercury supply generating stocks exceeding 10 metric tons per year, that are located

within its territory.”

Box 6: Identification of Stocks and Sources of Mercury under the Minamata Convention: Art. 3, Para. 5 (a)

Potential sources of mercury that is not waste are noted
in Figure 2.5 It is suggested that the potential illegal
sources of mercury supply be carefully evaluated.

With the switch to more efficient and environmental-
ly sound alternatives and the restrictions on uses im-
posed by national and international law, including the

Minamata Convention, where applicable, demand for
mercury may decrease in many areas.'® Meanwhile,
supply from some sources, notably within the chlor-alkali
sector and from primary mercury mining (see Box 7 and
Box 8), should decrease as the Minamata Convention is
universally implemented. Excess mercury may therefore
become available (also see Chapter 1.4).17:18.19




TYPES AND SOURCES
OF MERCURY WASTES

Potential Sources of Mercury Supply

Mercury from industrial Mercury recovered from wastes
Excess mercury from processes based on containing or contaminated
raw material containing mercury with mercury

manufacturing processes
in which mercury is used

il

Primary mercury mining

Mercury supply

Government, laboratory
% and/or private stocks

lllegal sources

Figure 2: Potential Sources of Mercury Supply

Excess Mercury from the Decommissioning of Chlor-alkali Facilities under the Minamata
Convention: Art. 3, Para. 5 (b)

“Each Party shall take measures to ensure that, where the Party determines that excess mercury from the de-
commissioning of chlor-alkali facilities is available, such mercury is disposed of in accordance with the guidelines
for environmentally sound management referred to in para. 3 (a) of Art. 11, using operations that do not lead to
recovery, recycling, reclamation, direct re-use or alternative uses.”

Box 7: Excess Mercury from the Decommissioning of Chlor-alkali Facilities under the Minamata Convention: Art. 3, Para. 5 (b)

Primary Mercury Mining under the Minamata Convention: Art. 3, Para. 4

“Each Party shall only allow primary mercury mining that was being conducted within its territory at the date of
entry into force of the Convention for it for a period of up to fifteen years after that date. During this period, mercu-
ry from such mining shall only be used in manufacturing of mercury-added products in accordance with Art. 4, in
manufacturing processes in accordance with Art. 5, or be disposed in accordance with Art. 11, using operations
which do not lead to recovery, recycling, reclamation, direct re-use or alternative uses.”

Box 8: Primary Mercury Mining under the Minamata Convention: Art. 3, Para. 4
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The development of inventories of mercury wastes may .
help in the identification of priorities, form the basis of .
next steps, and allow effective action to be taken to
ensure ESM. Among others, data can be gathered on:

the types of mercury wastes; and
the amounts of mercury wastes from each
source and for each type.

In conducting inventories of mercury wastes, relevant gui-

+ the sources of mercury wastes; dance material can be relied upon (see Box 9 and Box 10).

The ‘Methodological Guide for the Development of Inventories of Hazardous Wastes and Other
Woastes under the Basel Convention’

The ‘Methodological guide for the development of inventories of hazardous wastes and other wastes under the
Basel Convention can be used to compile inventories of hazardous wastes, including mercury wastes. The
guide provides a road map for conducting a first national inventory of hazardous wastes. It discusses some of
the challenges faced, provides guidance and proposes good practices in overcoming common obstacles. The
revised guide has been adopted by the COP to the Basel Convention at its twelfth meeting in May 2015.

Box 9: The Methodological Guide for the Development of Inventories under the Basel Convention

The ‘Toolkit for Identification and Quantification of Mercury Releases’ and ‘Mercurylearn’

UNEP’s Toolkit for identification and quantification of mercury releases’™ provides guidance through the different stages
of identifying sources and quantifying the consumption and releases of mercury for these sources. The Toolkit exists
in two versions: ‘Inventory Level 1’ provides a simplified version of the Toolkit to make the development of an overview
inventory easier. ‘Inventory Level 2’ is the comprehensive version and is useful if more detailed information on specific
release sources is needed. UNEP and the United Nations Institute for Training and Research (UNITAR) have recently
launched the ‘MercuryLearn online training modules to support countries in developing national mercury inventories.

Box 10: The UNEP Toolkit for Identification and Quantification of Mercury Releases

1.4. Mercury Supply Exceeding Demand

Excess mercury is the amount of mercury supply that
exceeds demand for uses allowed under national law
and international law, including the Minamata Conven-
tion, where applicable (see Figure 3).2% 2425 As mercury
is a naturally occurring element, it cannot be destroyed.
Excess mercury needs to be stored in an environmental-
ly sound manner or transformed to a form having minimal
mobility, and reliably sequestered from the environment.

The amount of excess mercury may influence a
country’s choice of policies to ensure environmen-
tally sound storage and disposal. Assessing the si-
tuation at the regional or global level may also be im-
portant. It can be estimated that a total of 30,000-50,000
tonnes of excess mercury will become available globally
by 205017 18,19, 26, 27

Excess Mercury: Origin and Development

National, regional,
global supply

Figure 3: Excess Mercury: Origin and Development

Excess =
necessary
storage/disposal
capacity

National,
regional,
global demand

Development over time
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1.5. Sources of Wastes consisting of Mercury
or Mercury Compounds

Wastes consisting of mercury or mercury compounds
may become available from manufacturing processes
in which mercury is used (e.g. mercury cell chlor-alkali
facilities), be extracted from end-of-life mercury-added
products or wastes contaminated with mercury, or be
captured during the processing of raw materials with
mercury impurities (such as non-ferrous metals (NFM)
(e.g. zinc) or natural gas) (also see Figure 2).* 5 Ex-
cess mercury stocks remaining after allowable uses
may be classified as waste and may therefore be a
significant source of wastes consisting of mercury or
mercury compounds. Primary mercury mining should

be phased out under the Minamata Convention as it
is universally implemented (also see Box 8). Mercury
can either be:

i) classified as commodity for a use allowed
under national and international law, including
the Minamata Convention, where applicable; or

ii) classified as waste and managed in an envi-
ronmentally sound manner in accordance with
national and international law, including the Mina-
mata Convention, where applicable (see Figure 4).

Potential Sources of Wastes Consisting of Mercury or Mercury Compounds

Yes
Mercury supply
(see Figure 2 Waste?
onp.10)
No

ESM
(see Figure 7
on p. 20)

Wastes consisting of mercury or

mercury compounds

Mercury that is not a waste

Allowed
uses

Figure 4: Potential Sources of Wastes Consisting of Mercury or Mercury Compounds

It may be useful to establish clear rules and criteria
regarding the classification of mercury as waste
or commodity. Countries may, for example, decide,
consistent with national and international law, inclu-
ding the Minamata Convention, where applicable, that
mercury from specific sources is not allowed to enter
the market.

Many industrial processes generate wastes contami-
nated with mercury. Often those wastes undergo re-
cycling or reclamation and in turn may generate mer-
cury. Unless otherwise determined by national law,
this mercury may or may not be considered a waste
depending on whether it is used in products or pro-

cesses allowed under national and international law,
including the Minamata Convention, where applicable.

In this context, it is important to highlight that the use of
mercury is not encouraged. The objective of this docu-
ment is to assist countries in their efforts to isolate mer-
cury from the biosphere in order to protect human health
and the environment from anthropogenic emissions and
releases of mercury. It is suggested to only use mercury
where no alternatives exist and only for those uses allowed
under national law and international law, including the
Minamata Convention, where applicable. This may help
in some cases to reduce the demand for primary mercury
mining, which is the least preferred source of mercury.?®
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1.6. Sources of Wastes Containing Mercury or
Mercury Compounds

Wastes containing mercury or mercury compounds
mainly come in the form of spent (end-of-life) mercu-
ry-added products and applications, but also include
stabilized/solidified mercury.?

The list shown in Figure 5 is not exhaustive and does
not go into detail regarding sub-categories. For more
information and examples, see among others Annex
A of the Minamata Convention, or information provi-
ded by UNEP?®, the US EPA® or the Northeast Waste

Management Officials Association®'. In addition to the
examples given in Figure 5, stabilized/solidified mer-
cury wastes are also classified as wastes containing
mercury.

The categories shown in Figure 5 may or may not
contain mercury, depending on the specific type of pro-
duct or the production process used. The products only
become waste containing mercury at the end of their
life (often also referred to as ‘spent’ products).

Potential Sources of Wastes Containing of Mercury or Mercury Compounds

11

Electrical &

with mercury

Biocides &
pesticides
(obsolete stocks)

Batteries
containing mercury

Pharmaceuticals
for human &
veterinary uses

Polyurethane
elastomers

Thermometers &
other measuring devices
with mercury

electronic switches,
contacts & relays

Wastes contfaining mercury
and mercury compounds

4

Paints

%

Laboratory chemicals &
equipment

Dental amalgam
fillings

Cosmetics &
related products

Manometers &
gauges

Light sources
with mercury

Figure 5: Potential Sources of Wastes Containing Mercury or Mercury Compounds
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1.7. Sources of Wastes Contaminated with
Mercury or Mercury Compounds

Wastes contaminated with mercury are mainly
generated via industrial processes using materials
with mercury impurities (e.g. natural gas) and
industrial processes with intentional use of mercury
(e.g. vinyl chloride monomer (VCM)) (see Figure 6).
Some sources (e.g. primary mining or chlor-alkali)
may generate both wastes consisting of mercury or
mercury compounds and wastes contaminated with
mercury or mercury compounds. Artisanal and small-
scale gold mining (ASGM) is another significant
source of wastes contaminated with mercury or
mercury compounds.'

Potential Sources of Wastes Contaminated with Mercury or Mercury Compounds

Production processes
with mercury impurities
(e.g. pulp and paper) Waste deposition/
landfilling, and
‘ wastewater treatment

Intentional use of
mercury in industrial

production (e.g. VCM) M

Artisanal and small-
scale gold mining
(ASGM)

Extraction and use Wastes contaminated
of fuels/energy sources with mercury and
(e.g. natural gas)

mercury compounds

Sites contaminated
with mercury

n

A

Primary mercury
mining

Manufacture of mercury-
Primary and secondary ~ added products

metal production

(e.g. zinc)

Treatment of
mercury wastes

Crematoria and
cemetaries

Figure &: Potential Sources of Wastes Contaminated with Mercury or Mercury Compounds






ENVIRONMENTALLY
SOUND MANAGEMENT
OF MERCURY WASTES

This Chapter begins with an overview of important concepts and consi-
derations related to the ESM of mercury wastes, including in the context
of the Minamata Convention and the Basel Technical Guideline. The
first preferred option in the ESM of mercury wastes is the prevention
and minimization of mercury wastes. The basic options that are avai-
lable to ensure environmentally sound storage and disposal for waste
streams of important source categories are noted below. Waste mana-
gement covers source separation, collection, transportation, treatment,

storage and disposal.’

The ‘Basel Convention on the Control of Transboundary
Movements of Hazardous Wastes and Their Disposal™?
defines ESM as “taking all practicable steps to ensure
that hazardous wastes or other wastes are managed
in a manner which will protect human health and the
environment against the adverse effects which may
result from such wastes” (Art. 2, para. 8).

Under the Basel Convention, ‘disposal’ is defined as
meaning “any operation specified in Annex IV of this
Convention”. Annex IV contains two sections: Section
A lists “operations which do not lead to the possibility

Code Recovery operations

R4 Recycling/reclamation of metals and metal
compounds

R5 Recycling/reclamation of other inorganic
materials

R8 Recovery of components from catalysts

R12 Exchange of wastes for submission to opera-
tions R4, R5, R8 or R13

R13 Accumulation of material intended for opera-

tions R4, R5, R8 or R12

of resource recovery, recycling, reclamation, direct
reuse, or alternative uses”. These are the so-called
‘D-operations’. Section B lists “operations which may
lead to resource recovery, recycling, reclamation,
direct reuse, or alternative uses”. These are the so-
called ‘R- operations’. Thus, the term ‘disposal’ un-
der the Basel Convention covers both disposal ope-
rations covered in Section A and recovery operations
listed in Section B.

The Basel Technical Guidelines suggest permitting the
operations listed in Table 2 for mercury wastes.

Code Disposal operations

D5 Specially-engineered landfill

D9 Physico-chemical treatment

D12 Permanent storage

D13 Blending or mixing prior to submission to D5,
D9, D12, D14 or D15

D14 Repackaging prior to submission to D5, D9,
D12, D13 or D15

D15 Storage pending any of the operations D5,

D9, D12, D13 or D14

Table 2: Recovery and Disposal Operations for Mercury Wastes as listed in the Basel Technical Guidelines 16
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In order to achieve ESM, it is suggested that mercury
wastes are:

+ not mixed with other wastes (where regulation
prescribes the extraction of mercury above a cer-
tain threshold, there is a danger that some may be
motivated to circumvent it by diluting the waste);

+ not discarded in uncontrolled landfills (subject
to the eligibility criteria defined by national law,
mercury wastes may be disposed of in specially
engineered landfills (SELs));

+ not (co-)incinerated without dedicated flue
gas cleaning and controls (while it is not recom-
mended to incinerate mercury wastes, it may so-
metimes be difficult to avoid, e.g. where mercury
cannot be filtered out completely from the feed
and because other contaminants require such
treatment; if justified, incineration should be done
in compliance with national legislation as well as
international rules and obligations); and

+ treated to extract the mercury or to immobilize
it in an environmentally sound manner.':8

“Each party shall take appropriate measures so that mercury waste is:

(a) Managed in an environmentally sound manner, taking into account the guidelines developed under the
Basel Convention and in accordance with requirements that the Conference of the Parties shall adopt
in an additional annex in accordance with Art. 27. In developing requirements, the Conference of the Parties
shall take into account Parties’ waste management regulations and programmes;

(b) Only recovered, recycled, reclaimed or directly re-used for a use allowed to a Party under this Convention or
for environmentally sound disposal pursuant to para. 3 (a);

(c) For Parties to the Basel Convention, not transported across international boundaries except for the
purpose of environmentally sound disposal in conformity with this Art. and with that Convention. In circums-
tances where the Basel Convention does not apply to transport across international boundaries, a Party
shall allow such transport only after taking into account relevant international rules, standards, and

guidelines.”

Box 11: ESM of Mercury Wastes under the Minamata Convention: Art. 11, Para 3

When developing an ESM programme for mercury
wastes, it may also be useful to conduct lifecycle ma-
nagement studies. These studies can help to identify
where mercury and mercury wastes enter and leave
various sectors of an economy. Lifecycle analyses
may also help to prioritize the avoidance/preven-
tion and reduction of mercury used in products
and processes in order to avoid/prevent and reduce
the mercury content in the wastes to be disposed of
and in wastes generated in industrial processes and
other activities. For information on alternatives to mer-
cury-added products and processes using mercury,
please see the ‘Guide for Reducing Major Uses and
Releases of Mercury®® as well as material published
under the umbrella of the Global Mercury Partnership,
including the ‘List of Alternatives to Mercury-Added
Products™*.

When choosing between environmentally sound waste
management system options, the following variables
may be considered:

+ Sources of mercury wastes: Different sources
may generate different waste streams and thus
require different management considerations. For
instance, countries with industrial processes ge-
nerating wastes contaminated with mercury may
need to ensure that disposal options are available.

« Types of mercury wastes: The characteristics of
the waste (mercury concentration, leachability etc.)
will determine eligibility of certain options, such as
disposal in SELs or permanent storage. For some
wastes, the mercury concentration may be too low
to allow cost-effective extraction. Sometimes, sta-
bilization/solidification (S/S) may be needed.
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Volumes of mercury wastes: The volumes of
mercury wastes generated domestically may affect
cost-benefit calculations for investing in specific
management infrastructures. For example, export
may be a reasonable option for countries with low
volumes, while investment in disposal infrastructure
may be cost-effective for countries with significant
volumes of mercury wastes that are generated on a
continuous basis.

Existing management infrastructure: Countries
vary in their capabilities and capacity to manage their
mercury wastes. Those without adequate capacity
may wish to identify countries capable of ensuring
ESM and export their mercury wastes, so as to avoid
site contamination and possible exposures resulting
from inadequate handling. Previous experiences and
existing infrastructure may be taken into account
when assessing management options and built
upon. For example, existing sites may be retrofitted.

Characteristics of the management options: The
technical feasibility of recovering waste constituents
and the availability of the process may need to be
taken into account. Management options may differ
in terms of investment and/or operational costs. Mo-
reover, some options may require significant technical
expertise that may not be available in some countries.

The value of recoverable components: Wastes
containing or contaminated with mercury often
contain valuable components that may be recovered
for re-use (this may also include mercury, which may
be used for uses allowed under national and inter-
national law, including the Minamata Convention,
where applicable; where appropriate and in line with
national, regional and international rules and obliga-
tions, sellingfrading mercury recovered from wastes
may facilitate environmentally sound treatment by re-
ducing overall costs).

Legal issues: Management options will need to be
assessed in the light of the national, regional and in-
ternational regulatory framework. This may include,
for example, national criteria and thresholds, import/
export bans and the Minamata Convention.

Other factors: Decision-makers may also need
to take into consideration factors such as geology,
weather patterns (e.g. susceptibility to floods, hurri-
canes or earthquakes) or public opinion." 8

Two key aspects of an environmentally sound programme
for the management of mercury wastes are the develop-
ment and implementation of (1) public health and safety
activities and (2) worker health and safety activities which
prevent and minimize exposure to mercury wastes.

: Public health activites may
include programmes which prevent and minimize ex-
posure by establishing mercury limitations from commer-
cial and industrial sources which may emit, discharge or
dispose mercury or mercury wastes into the environment.
These activities may also include approaches to reduce
exposure from the breakage of mercury thermometers and
implement rapid clean-up of such spills. Public health and
safety programmes may also wish to pay particular attention
to protecting populations that are more sensitive to the
effects of mercury wastes, including fetus, newborns and
children, as well as new mothers and pregnant women.®

People living and working in the vicinity of facilities hand-
ling mercury wastes may also be exposed to environmen-
tal health and accident risks. These risks relate mainly to
emissions and releases from the process and transport to
and from the facility. Adequate measures are necessary to
prevent and minimize impacts on human health and the en-
vironment. Monitoring programmes may help to identify
problems and take appropriate measures to remedy them.'

An acute threat may come from spills of mercury. Box
12 lists special considerations for such cases.

« Contact local authorities

« Never use a vacuum cleaner or a broom to
clean up mercury

+ Never pour mercury down a drain’

Box 12: Special Considerations for Spillage of Mercury

: Worker health and safety
programmes may consider activities which assure that
workers who collect, transport, store and dispose mer-
cury wastes are adequately trained and are provided
equipment which prevents or minimizes them from
exposure to mercury wastes (see Box 13). These wor-
kers could have high occupational exposures.®
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+ Provide employee training in effective ESM

+ Use respirators with mercury filters and personal protective clothing

(see Photo 4 for an example)
+ Regularly measure mercury concentrations in the air
+ Take urine samples from workers on a continuous basis

+ Aregular intake of selenium may protect against mercury exposure®

+ Health, safety and emergency plans in place

+ The principal elements of an emergency plan include identification of
potential hazards, actions to be taken in emergency situations, com-
munication targets and methods in case of emergency, and testing of =

emergency response equipment® 1

Box 13: Worker Health and Safety Measures

In conclusion the general steps towards addressing
health and safety may include the following:

+ Establishing an appropriate policy framework,
taking into account international agreements,
principles and standards;

+ paying special attention to sites engaged in storage,
recovery operations or disposal operations; and

+ taking necessary measures at the facility level
to protect workers from any adverse effect on
their health during the handling and processing
of mercury wastes.

If government, laboratory and/or private stocks of
mercury are classified as waste, they become waste
consisting of mercury. The following options are avai-
lable to ensure ESM of such wastes (see Figure 7):

i)

ii)

Photo 4: Protective Clothing
(courtesy: Kummel Consulting AB)

Storage pending further collection or dispo-
sal operations (see Chapter 3): The waste is re-
moved from the market, but not isolated from the
biosphere. This is an intermediate step before
the waste is eventually submitted for disposal in
SELs, permanent storage in underground faci-
lities, or export for environmentally sound dis-
posal. Meanwhile, some countries may wish to
store mercury wastes for a longer period of time
(i.e. several decades). Safeguards can help to
prevent emissions and releases as well as theft.

Disposal in SELs (see Chapter 5.2) or per-
manent storage in underground facilities (see
Chapter 5.3) following prior S/S (see Chapter
5.1). The idea is to isolate the waste from the
biosphere for a long period of time. S/S pro-
cesses may be available only in some countries.

Export for environmentally sound disposal
(see Chapter 6) may be an option for countries if
the necessary infrastructure is not (yet) domes-
tically available. Export is followed by options i)
or ii) noted above. The importing country should
have infrastructure to guarantee ESM and per-
mit the import according to national legislation.
If one of the countries involved is a Party to the
Basel Convention, applicable provisions under
that Convention must be followed.": 8 24.36.37

It is important that safeguards are in place to avoid ille-
gal trafficking of wastes consisting of mercury (for more
information on traceability, see Chapter 3.2).
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Options for the ESM of Wastes Consisting of Mercury or Mercury Compounds

No

Yes

s
Hg

(Re-)use/export
for allowed uses

Wastes consisting of mercury ~ Storage pending further collection,

or mercury compounds

Physico-chemical treatment
(stabilization/solidification)

Specially engineered
landfill

recycling operations or disposal operations

Export for environmentally
sound disposal

Permanent storage
(underground facility)

Figure 7: Options for the ESM of Wastes Consisting of Mercury or Mercury Compounds

Critical steps in the management of end-of-life mercu-
ry-added products are source segregation, collection
and separation. Without adequate source segregation,
collection, and separation schemes, most end-of-life
mercury-added products will end up in the munici-
pal waste and might be incinerated without adequate
emission controls or dumped in uncontrolled landfills.

Large volumes of end-of-life mercury-added pro-
ducts are generated in public institutions as well as
the private sector. These need to be stored on-site in
an environmentally sound manner. Collection points
may be needed to be set up for individual, industry
or institutional users. Following appropriate transport,
end-of-life mercury-added products may be stored in a

20
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centralized facility with appropriate security measures
in place before they are sent off-site for recovery ope-
rations or disposal operations (also see Chapter 3).

The Basel Technical Guidelines identify three options
for collection:

I. Waste collection stations or drop-off depots:
End-of-life mercury-added products may be dis-
carded in a specially designed container at a
waste collection station or depot. Appropriate
boxes or containers may be made available for
public use, according to national priorities and
capabilities. It is important that the collection sta-
tions or drop-off depots are designed in such a
way as to prevent/minimize breakage.

Il. Collection at public places or shops:
Collection may be done via specially designed
collection vehicles or at public places or shops.
Properly labelled containers should be placed in

well ventilated areas or outside in a covered and
protected area. Collection rates will be higher if
the waste can be deposited free of charge.

lll. Collection at households by collectors:
Collection at households by authorized collec-
tors may be applied for certain wastes, such as
waste electrical or electronic equipment (WEEE/
e-waste). For efficient collection, an initiative or
legal mechanism may be required."

: The collection of end-of-life mercury-added
products as well as subsequent recovery operations or
disposal operations requires investment. How the costs
of collection are distributed is a critical decision that na-
tional governments will need to determine. Some ma-
nufacturers are bearing some collection costs via their
‘extended producer responsibility’ (EPR) programmes
(see Box 14). Two examples of how EPR can be im-
plemented in practice are given in Case Study 1 and
Case Study 2.

EPR is defined as an environmental policy approach in which a producer’s responsibility, physical and/or finan-
cial, for a product is extended to the post-consumer stage of a product’s life cycle. It relies on shared responsi-
bilities among stakeholders. Private companies can participate, for example, by establishing collection systems
or promoting public participation. Governments may have to take the lead via regulatory incentives and, among
others, may need to establish standards and monitor performance.®

Box 14: Extended Producer Responsibility

The Waste Electrical and Electronic Equipment Directive (EU) and its Implementation (Austria)

The Waste Electrical and Electronic Equipment Directive (WEEE) implemented EPR in the EU. It set collection,
recycling and recovery targets for electrical and electronic equipment and aims to make equipment manufacturers
financially or physically responsible for their products at the end-of-life. Users should have the possibility of retur-
ning WEEE at least free of charge and manufacturers must dispose of it in an environmentally friendly manner,
by disposal, reuse, or refurbishment. Collection targets of 45% by 2016 and 65% by 2020 were established.®

In order to implement the Directive, Austria introduced a system where a fee of one euro is added on the price of
lamps. The consumer can recover this deposit upon return of the lamp to a point of sale and is thus encouraged
not to dispose of it in the household waste. The fee is used to cover costs of collection and recycling and has
resulted in a more than 50% return rate, with 80% of all retired mercury-added lamps being recycled.

Case Study 1: The Waste Electrical and Electronic Equipment Directive (EU) and its Implementation (Austria)
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The National Environmental Waste Act (South Africa)

South Africa introduced EPR for the management of hazardous waste, including mercury-added lamps, through the
National Environmental Waste Act. Responsibility for environmentally sound management has thus been shifted
from government to industry. An important step in the implementation of this Act was the development of an Industry
Waste Management Plan for Lamps by the lighting industry. In addition, the Consumer Protection Act requires sup-
pliers, producers, importers or distributers to accept and take responsibility for the disposal of hazardous goods,
including mercury-added lamps. As a consequence, collection facilities were made available to consumers.*°

Case Study 2: The National Environmental Waste Act (South Africa)

Further information, including on collection schemes,
is available in the Basel Technical Guidelines. An exa-
mple of a collection schemes is given in Case Study 3.
For further examples, consult the ‘Good Practices for

Management of Mercury Releases from Waste™'. For
information on the management of mercury-added
lamps, see ‘Achieving the Global Transition to Energy
Efficient Lighting Toolkit*°.

Collection Campaign for Fluorescent Lamps (Kingdom of Thailand)

From 2006 to 2007, the government implemented a pilot partnership programme with major fluorescent lamp manu-
factures to collect and recycle fluorescent lamps from about 100 project partners, including government offices,
academic institutions, business offices, retailers, hotels and hospitals from Bangkok and the surrounding areas.

The following steps were taken to establish a collection system: In 2007, the Kingdom of Thailand adopted a law
authorizing local governments to collect and manage household hazardous waste. A waste management scheme
was developed and disseminated to large-sized municipalities which also received financial and technical sup-
port. About 16 large municipalities implemented the scheme in 2009.

In terms of fluorescent lamps, the municipalities collect them from households or designated collection points and
transfer them to a storage facility. In order to raise awareness, several measures are implemented: For example,
municipalities organize special events and community meetings, training workshops are organized for community
leaders who will then disseminate their knowledge, and media (including posters, pamphlets and DVDs) are used.

While municipalities currently bear the costs, a new law has been drafted to authorize agencies in the Ministry of Finance
to impose a product fee on manufacturers and importers in order to cover the costs of ESM, including of fluorescent lamps.

The campaign produced some promising initial results. The number of collected fluorescent lamps increased
from 60,000 in 2007 to 700,000 in 2009. It was estimated that in 2009 alone, 4-5 kg of mercury were not thrown
in municipal landfills as a result of the campaign.*'

Case Study 3: Collection Campaign for Fluorescent Lamps (Kingdom of Thailand)

ESM options: The following options are available to
ensure ESM of end-of-life mercury-added products:

minated (for example glass, phosphor powder
and metals in the case of fluorescent lamps) and
the mercury recovered. Recovered mercury may

i) Recovery/recycling (see Chapter 4): End-of-life be re-used for uses allowed under national law

mercury-added products can be recovered/recy-
cled in facilities which often use specialized pro-
cesses depending on the specific product. The
various components are separated and deconta-

and the Minamata Convention, where applicable.

Extraction of mercury for disposal operations
(see Chapters 4 and 5): Using the same or
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similar processes as in recovery/recycling, the
mercury can be extracted from the waste and,
following S/S, sent for disposal in SELs or per-
manent storage in underground facilities.

iii) Exportforenvironmentally sound disposal (see
Chapters 6): Exporting spent mercury-added
products and/or wastes consisting of mercury or
mercury compounds extracted from spent-mer-
cury added products for recovery operations
or disposal operations may be an option for
countries where treatment technologies are not
(yet) domestically available. Export is followed
by options i) or ii) noted above. The importing
country should have infrastructure to guarantee
ESM and permit the import according to national

legislation. If one of the countries involved is a
Party to the Basel Convention, applicable provi-
sions under that Convention must be followed.

Itis suggested not to dispose spent mercury-added
products in landfills without prior treatment, as
the mercury contained in the product can easily be
released into the environment. It should be noted that
recovery/recycling and physico-chemical treatment
processes may generate residues contaminated with
mercury which need to be disposed of in an environ-
mentally sound manner." 8

Figure 8 illustrates the various steps on environmen-
tally sound disposal operations not leading to recovery
of mercury or mercury compounds.

ESM of Spent Mercury-added Products

Spent mercury-added products from
large-scale generators
(e.g. hospitals, schools, supermarkets)

O @ €

[]
boococcocccccacocee

4

Spent mercury-added products from
small-scale generators
(e.g. households, small businesses)

D @

frmmmmmmmeaaad

Storage
on-site

Uncontrolled disposal in
="
municipal waste

Collection at:

i) Waste collection stations/
drop-off depots

ii)Public places/shops

Export for
environmentally
sound disposal

Recovery/recycling/extraction of mercury

Mercury @

see Figure 7 on p.20

Mercury-free
materials

Figure 8: ESM of Spent Mercury-added Products
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ENVIRONMENTALLY
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: The inappropriate disposal of den-
tal amalgam waste and the lack of best practices in
some dental clinics are sources of mercury releases to
the environment.* 42 By observing the following steps,
further releases to air, water and soil may be avoided
(also see Figure 9 below):

+ Recycle dental amalgam. This is economically
beneficial, most notably due to the silver that is
recovered.

+ Use ISO 11143 accredited amalgam sepa-
rators to capture mercury. Separators can be
re-used after appropriate processing. Introducing

a collection and audit system will help to remind
dentists that the units need to be replaced perio-
dically and encourage better recycling practice.

+ Train dental professionals in the ESM of den-
tal amalgam.

+ Use amalgam capsules instead of bulk mercury. This
may help to avoid the diversion of mercury that has
originally been imported through legal channels for
legitimate use in dental amalgam into ASGM. 42 43.44.45

Dental clinics may hold stocks of mercury which are in
need of ESM and — if classified as waste — disposal.*®

ESM of Dental Amalgam Wastes

Suppliers

1 ‘ Use capsules ©)
)

Mercury Other amalgam waste
stocks (e.g. non-contact amalgam)
see Figure 7
onp. 20

Collect, package and label appropriately and ensure
environmentally sound storage at the dental clinic

Send off-site for recovery

Figure 9: ESM of Dental Amalgam Wastes

Dental clinic

Avoid diversion

Removed
fillings

Amalgam waste
in discharge

Install amalgam separator

Send off-site for recovery/recycling
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Mercury is present as an impurity in non-ferrous
metals (NFM) ores, natural gas, mineral oil, and coal.
When these crude resources are processed, mercury
may be mobilized and released into the environment.
This makes industrial processes based on raw material
containing mercury important sources of emissions,
releases and wastes contaminated with mercury.*

Under the Minamata Convention, the definition of mer-
cury wastes excludes overburden, waste rock and tai-
lings from mining, except from primary mercury mining,
unless they contain mercury or mercury compounds
above thresholds defined by the COP (Art. 11, para 2).

: Technologies to control mer-
cury from industrial processes using raw materials
containing mercury are available. This includes, among
others, activated carbon injection, wet scrubbers or electros-
tatic precipitators for air pollution control; activated carbon
filter beds, selenium filters or mercury condensers for mer-
cury specific control; and ion exchange or sulphide precipi-
tation for liquid phase removal. Existing equipment used to
reduce emissions and releases of other pollutants can often
be used to capture mercury. This also applies to pre-treat-
ment steps: For example, pre-combustion measures such
as coal washing are often performed to reduce sulphur and
ash contents of the coal. A variable fraction of the mercury in
the coal is also removed in this operation.6: 47 48 49,50

For more information, see UNEP’s ‘Guide for Reducing
Major Uses and Releases of Mercury®, UNEP’s
‘Para. 29 Study™®, or the EU’s relevant ‘Best Available
Techniques Reference Documents’™!.

Control technologies have an effect on output pathways,
shifting mercury from emissions and releases to resi-
dues or other process wastes, such as fly ash or scrub-
ber sludge.*® %2 These wastes contaminated with mercury
will need to be managed in an environmentally sound
manner. Captured mercury, for instance from non-fer-
rous metals processing, can either be marketed for uses
allowed under national and international law, including the
Minamata Convention, where applicable, or, following sta-
bilization and/or solidification (S/S), be sent for disposal.

The environmentally sound on-site management
will help to minimize emissions and releases. Ensuring
ESM could include precipitating mercury as stable com-
pounds, lining and covering the waste deposit area, and

25

others. The sites may eventually have to be remediated
(see also Chapter 7).5% 54

Industrial facilities may have on-site capacity for recovery/
recycling or physico-chemical treatment and disposal in
SELs. These on-site treatment and disposal facilities
should be operated in an environmentally sound manner.

: It is beneficial to take measures to facili-
tate the development of downstream waste management
system options (e.g. authorized hazardous waste treatment
facilities). In short, the following off-site options are available
for wastes contaminated with mercury (see Figure 10):

i) Recovery/recycling (see Chapter 4): The aim is
to separate the mercury from other components
in order to decontaminate the waste. Various pro-
cesses are available and may allow recovery/recy-
cling of the valuable and mercury-free components
(e.g. copper or activated carbon). Recovered mer-
cury may be re-used for uses allowed under natio-
nal and international law, including the Minamata
Convention, where applicable.

i) Disposal in SELs or permanent storage in
underground facilities (see Chapter 5): Disposal
in SELs or permanent storage in underground faci-
lities without prior treatment may be an option if the
wastes meet national acceptance criteria. Where
this is not the case, the waste may be treated to
meet national acceptance criteria, including via
S/S. S/S processes are available for wastes conta-
minated with mercury, but for large waste volumes,
assessment of the cost should be performed.

iy Extraction of mercury for disposal operations
(see Chapter 4 and 5): Using the same or similar
processes as in recovery/recycling, the mercury
can be extracted from the waste and, following S/S,
sent for disposal in SELs or permanent storage in
underground facilities.

iv) Export for environmentally sound disposal
(see Chapter 6): Export may be an option for coun-
tries where the necessary infrastructure is not avai-
lable within the territory of the exporting country.
Export is followed by options i) or ii) noted above.
The importing country should have infrastructure to
guarantee ESM and permit the import according to
national legislation. If one of the countries involved
is a Party to the Basel Convention, applicable pro-
visions under that Convention must be followed.



ENVIRONMENTALLY
SOUND MANAGEMENT
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ESM of Industrial Processes Based on Raw Material Containing Mercury

Primary and secondary Extraction and refining Other production processes
metal production of fossil fuels with mercury impurities
(e.g. zinc, gold) (e.g. natural gas, mineral oil) (e.g. cement)

Ensure mercury control technologies are in place (BATs and BEPs)

Captured mercury or Solid and liquid wastes contaminated with Sites contaminated
mercury compounds mercury (e.g. sludge, spent carbon, catalysts) with mercury
see Figure 7

onp. 20

Export for Storage on-site Contaminated soil
environmentally pending disposal and sediment
sound disposal (see Figure 12 on p. 29)
No Yes

Eligible for disposal in a specially
engineered landfill or permanent

storage in underground facilities? Recovery/recycling/
extraction of mercury

No Yes _
Residues Mercury-free  Mercury

contaminated materials
with mercury

Physico-chemical Specially Permanent storage see Figure 7
treatment engineered landfill (underground facility) onp. 20

Figure 10: ESM of Industrial Processes Based on Raw Material Containing Mercury
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: This section illustrates
mercury capture in the NFM sector. The processing of
NFM is a source of mercury emissions and releases, a
possible source of mercury supply as well as a genera-
tor of mercury wastes.* 14 1516

Mercury is present as an impurity in most NFM ores
(zinc, copper, gold, lead etc.). During processing,
the mercury is mobilized. Depending on the spe-
cific processes used, mercury may be released in
gaseous form, remain in liquid and solid wastes, or

be trapped in sulphuric acid which is recovered in
most NFM plants as a by-product. Dedicated mer-
cury control technologies are commercially avai-
lable and may be used to capture mercury or mer-
cury compounds, such as calomel (Hg,Cl,). Mercury
compounds may need to undergo treatment before
re-use or disposal.5? %

Figure 11 shows the flow and the fate of mercury in a
plan with combined pyrometallurgical processing and
dedicated mercury control technology.

Simplified Process Flow and Mercury Fate for Combined Pyro- and Hydrometallurgical
Processing with Dedicated Mercury Control

By-product mercury

- '
Ore - -
P
’ ’ 1
Hg Hg 1 I
Sulphur
dioxide gas u u u u v
General air Mercury- Sulphuric acid
pollution control  specific control plant
Calcine
Final Leaching, mmmm)  Solid and liquid wastes By-product
metal product precipitation, contaminated with mercury sulphuric acid
electrolysis

or mercury compounds
(see Figure 12 on p. 29)

Figure 11: Simplified Process Flow and Fate of Mercury in NFM Processing with Dedicated Mercury Control#® 2 %3
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The presence of dedicated mercury removal steps will
influence the amount of mercury wastes generated
onsite. Instead of being emitted to the atmosphere
or contaminate by-products, in many cases mercury

is captured in elemental form or as compound and
contained in solid and liquid wastes. Depending on
which combination of technologies is used, mercury
removal efficiencies may vary considerably.% %

Recovery/recycling of Mercury-contaminated Sludge
from NFM (Japan)

Japanese zinc and copper refineries send their mercury-contaminated
sludge offsite to a specialized mercury-recycling company for treatment and
recovery. The mercury is extracted via roasting in a multiple hearth furnace
(photo). This includes flue gas cleaning via condensation, scrubbing, elec-
trostatic precipitation of dust and adsorption through activated carbon. Spent
carbon and treatment residues are re-processed in the furnace until they are
mercury-free. Emissions are continuously monitored and a strict voluntary
limit is set by the company. The decontaminated sludge, which contains
valuable metals, is sent back to the refineries. Currently, the recovered mer-
cury is further purified and then sold for uses allowed under national and
international law, including the Minamata Convention, where applicable,

thus reducing the need for primary mining.8

: w uEL A
IR e
lll&“\h
Photo 5: Multiple Hearth Furnace
(courtesy: Nomura Kohsan Co., Ltd.)

Case Study 4: Recovery/recycling of Mercury-contaminated Sludge from NFM (Japan)

Industrial processes (notably VCM, acetaldehyde,
sodium/potassium methylate/ethylate and polyurethane
production) with intentional uses of mercury — often in
catalysts — may be a source of mercury emissions,
releases, and wastes. In VCM production, for instance,
some of the mercury is lost in the catalyst during pro-
cessing." %657

BATs and BEPs can be utilized to avoid such emissions
and releases and to prevent and minimize mercury wastes
(see Figure 12). In VCM, for example, this may include
recycling and reuse of mercury-containing effluent, col-
lection of mercury containing sludge, and recovery of
mercury from evaporated substances containing mer-
cury." 45758 |n the chlor-alkali sector, it is necessary to
monitor possible leakages, reduce mercury evaporation,
and recover mercury from wastewater.% 8

As regards the decontaminated soil, it should be noted
that even where the mercury concentration is negligible,
other pollutants may still require further treatment.

: Mercury cell chlor-alkali facilities which close
or convert to alternative technologies may have signifi-
cant amounts of excess mercury.

A number of preparatory steps should be considered
prior to decommissioning. This includes the prepara-
tion of a well-documented plan of action to be approved
by the authorities, identification of downstream mana-
gement options, and provision of equipment for mercury
handling, including storage containers (see Figure 13).%*
60, 61. 62 Decommissioning also determines approaches
which would eliminate or minimize releases to the air,
soil and water during this activity. Decommissioning can
be grouped into the following three areas:
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i) Disposal of wastes contaminated with mer-
cury or mercury compounds (recovery/recy-
cling, disposal in SELs etc.);

i) disposal of wastes consisting of mercury or
mercury compounds (in part after prior vacuum
distillation/purification); and

i) site remediation if warranted (see Chapter 7).5°

ESM in Manufacturing Processes Using Mercury

Producers of mercury containing catalysts

VCM, acetaldehyde, sodium/potassium methylate/ethylate and polyurethane production

Contaminated sites

see Figure 4
onp.12
and Figure 13
onp. 30

Solid and liquid wastes
contaminated with mercury

see Figure 10

on p.26
Contaminated water Contaminated soil
and groundwater and sediment
On-site Off-site On-site Off-site
treatment treatment treatment treatment
Discharge
see Figure 7
see solid and liquid wastes onp. 20

in Figure 10 on p. 26
Figure 12: ESM in Manufacturing Processes Using Mercury
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Preparation for Permanent Storage of Metallic Mercury and Site Remediation

Closure/conversion of the mercury cell chlor-alkali facility

Determine the quantity Make a survey of all plants,
of mercury to be recovered buildings and associated
equipment to be decontaminated
and/or demolished

Transfer into

Retorting Purification ; I
empty ce

On- or off-site treatment and decontamination
(e.g. in-situ vitrification, water washing, retorting)

% as far as reasonably practicable

Mercury
Contaminated
",@'-—ﬂr residues
By
No
See solid and Re-use Dispose
o ) liquid wastes
% <---- Yes  Sell/re-use within chlor-alkali in Figure 10
sector, in accordance with national on p. 26

law and the Minamata Convention
-
Q‘! Waste

Transfer into adequate containers
and ship off-site for disposal

see Figure 7 on p.20

Figure 13: Preparation for Permanent Storage of Metallic Mercury and Site Remediation

Detailed guidance documents have been developed by
the World Chlorine Council and are available on the web-
site of the Global Mercury Partnership area on mercury
reduction in chlor-alkali®® as well as on the website of Euro
Chilor.5
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STORAGE OF MERCURY
WASTES

CHAPTER 3:

Storage of Mercury Wastes

The Basel Technical Guidelines list two disposal operations for the sto-

rage for mercury wastes, namely R13 and D15:

i) R13 — Accumulation of material intended for operations R4,
R5, R8 or R12: Mercury wastes may be accumulated with intent to
conduct recycling/reclamation or recovery . Such storage is often
regulated at the national level, where specific time periods may be
set after the expiry of which the mercury wastes are transported
to the appropriate recycling/reclamation or recovery facility.

i) D15 — Storage pending any of the operations D5, D9, D12,
D13 or D14: Mercury wastes may be stored pending physico-che-
mical treatment or placement into SELs or permanent storage.

Prior to either of these activities, mercury wastes may be collected. The
following section discusses the handling, packaging, labelling, transport
and traceability of mercury wastes as well as the various storage options.

3.1 Handling, Packaging, Labelling and
Transport

By ensuring that the handling, packaging and transport
of mercury wastes is undertaken with great care and in
accordance with the technical requirements stipulated
by national and international law, including the Mina-
mata Convention, where applicable, evaporation and
spillage of mercury into the environment can be
minimized or avoided. For detailed information, see
the Basel Technical Guidelines.

Handling: When handling wastes consisting of mercu-
ry, it is important to pay particular attention to the pre-
vention of evaporation and spillage of mercury into the
environment. Breakage or damage to mercury-added
products is to be prevented whenever possible.’

Packaging: The containers in which mercury wastes
are transported provide the most direct barrier to prevent
releases. It is therefore necessary to carefully package
mercury wastes in appropriate containers that have
been manufactured to conform to UN standards for
the packaging of mercury wastes or hazardous wastes
before shipping them to designated facilities. Simple,
but effective measures can help to prevent spillage and
breakage. This includes, for example, properly placing
the waste in the truck during transport in order to avoid
shifting or sliding or to use plastic bubble wrap or plas-
tic packing foam to prevent breakage of spent mercu-
ry-added products inside the containers."

Box 15, Box 16 and Box 17illustrate appropriate pac-

kaging for wastes consisting of, containing, or conta-
minated with mercury.
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Packaging of Wastes Consisting of Mercury

Wastes consisting of mercury are stored in exclusively designed stain-
less steel containers. These are stored in a dry location, upright on pallets
off ground with overpacking and have the following characteristics:

» Gas-and liquid-tight

+ Coated from the outside

» No damage to the structural integrity of the container

* No materials adversely reacting with mercury (e.g. ammonia or
halogens) previously stored in the container.’

Photo 6: Mercury Flasks (Courtesy: Umwelt
Technik Metallrecycling GmbH)

(2.5 litre) are commonly used and are also
the standard unit for trading. 1 ton stainless
steel pressure receptacles may also be used.

Box 15: Packaging of Wastes Consisting of Mercury

Packaging of Wastes Containing Mercury

Wastes containing mercury are transported in appropriate packages
(such as original boxes or closed containers) that prevents them from brea-
king and releasing mercury.’

Photo 7: 125 Litre UN-approved Plasfic Drum
(courtesy: Umwelt Technik Metallrecycling
GmbH)

Box 16: Packaging of Wastes Containing Mercury

Packaging of Wastes Contaminated with Mercury

Liquid wastes contaminated with mercury are packed in appropriate
containers which are placed in containment trays or a curved and leak-
proof area. Solid wastes contaminated with mercury are stored in sealed
containers, steel waste containers or specially constructed containers.!

Photo 8: UN-approved 110 Litre Stainless
Steel Drum with Epoxy Lining

Box 17: Packaging of Wastes Contaminated with Mercury
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Labelling: Appropriate labelling is also important,
among others to help with the separation of mercury
wastes from other wastes and ensure that the hazards
of the waste are clearly communicated during trans-
port. This means that the containers have the relevant
hazard pictograms of the Globally Harmonized System
of Classification and Labelling of Chemicals (GHS)®
(see Box 18) and have a distinctive mark indicating,
among others:

Contains ‘toxic’ mercury
Type of mercury waste
Origin

Weight

Shock resistance

Photo 9: GHS06 - Photo 10: GHS08 -
Acute Toxicity Health Hazard

Photo 11: GHS09 - Photo 12: Example

Environmental Hazard of Product Labelling

Box 18: Labelling

Transport: Case Study 5 illustrates the environmen-
tally sound transport of mercury wastes. Prior to trans-
portation, contingency plans need to be developed
and implemented in order to prevent/minimize environ-
mental impacts associated with spills, fires and other
potential emergencies. Waste shipment acceptance
procedures and consistency controls are keys to
successful transport of mercury wastes (Box 19).

Transport of Wastes Consisting of Mercury (US)

+ pallets inspected; drums and pallets banded for stability; loads

blocked and braced in carrier‘s conveyance

+ all shipments complied with U.S. Department of Transport require-

ments for shipment of hazardous materials
+ certified hazardous material haulers

+ stringent reception control, incl. vapour measurement™

Photo 13: Transport of Wastes Consisting of
Mercury (courtesy: Defense Logistics Agency)

Case Study 5: Transport of Wastes Consisting of Mercury (US)
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Acceptance and Consistency Control

Upon arrival at treatment, storage or disposal facilities, mercury wastes A%
undergo inspection. This includes vapour measurement and chemical
analysis. If acceptance criteria are not fulfilled, (e.g. because undeclared
substances are present in the waste) the waste is sent back to the owner.
Workers should use personal protective equipment (respirators and protec-

tive clothing).°

b,

Photo 14: Acceptance Control
(courtesy: K+S Entsorgung GmbH)

Box 19: Acceptance and Consistency Control

For an overview of relevant documents for transport
and transboundary movement of mercury wastes, see
the Basel Technical Guidelines.

3.2 Traceability

Throughout the logistics chain, it is important to ensure
the traceability of mercury wastes. This will help to
ensure that they are not diverted for illegitimate uses
or inadequately disposed.

Traceability is an approach which identifies and records
every activity of hazardous waste management from
generation to disposal. Ideally, mercury wastes are
traceable throughout the lifecycle, including after dis-
posal. Traceability applies to relevant parties upstream
(e.g. waste generators) and downstream (e.g. trans-
porters, recyclers, disposers). When a comprehen-
sive traceability approach is implemented, important
information on the characteristics, concentration, and
quantity of the mercury waste in question as well as
the risks associated with its management are available
to the relevant local and/or national authorities at all
times. It is suggested to request detailed reports and
tracking records from dealers, transporters, recyclers,
disposers and others involved.® 7
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A traceability chain is summarized in Figure 14. Each
person/entity involved in the ESM of mercury wastes
would reports at least the information presented in
Table 3 in its tracking records. This information allows:

+ any competent authority to audit/inspect the tra-
ceability chain and enforce the liability of the
different holders of the mercury waste; and

« each person/entity involved to provide a mass
balance of the mercury wastes held (taking into
account the emissions/losses; when significant,
with justifications).

The tracking records are kept by each of the involved
actors upstream and downstream to allow of the local
and/or national authorities to inspect the traceability
chain from the initial holder to the final destination.
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The Traceability Chain

Initial generator or holder of the merucry waste

H

Transport

Track record

-
qv)
e
&)
>
)
— Transport/export
O
qv) :
(¢b) Treatment prior
(&) Storage pending to disposal
(4] disposal operations operations
=
Transport/export
Physico-chemical
treatment
Vv ) L s
Specially Permanent storage
engineered landfill (underground facility)

Figure 14: The Traceability Chain

Recovery operations

Transport/export

Brokers/dealers

Transport/export

Allowed uses
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: At the entrance, for each delivery

At the exit, for each shipment departure

 Identification of the shipment (including notification identifi-
: cation (ID) in case of export)

Table 3: Information to be Provided in the Tracking Records

ESM of mercury wastes encourages that a special
license/permit be issued from the competent autho-
rity which authorizes a facility to hold the mercury
waste. In the case of reuse of mercury derived from
mercury wastes for uses allowed under national and
international law, including the Minamata Convention,
where applicable, it can be important for the commu-
nity and regulators to know the final destination of the
recovered mercury in order to allow verification of the
intended use and to avoid any illegal use of the reco-
vered mercury. Each transport/export of the mercury
waste is ideally followed by a movement document.

In case of transboundary movements of mercury
wastes, where appropriate, the Basel Convention requi-
rements apply for the Parties to the Basel Convention.
In circumstances where the Basel Convention does not
apply to transport across international boundaries, such
transboundary movements should be conducted only
after taking into account relevant international rules,
standards, and guidelines. The text of the Convention
can be consulted for more information on legal consi-
derations related to the transboundary movement of
mercury wastes.
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Identification of the shipment (including notification ID in
case of export) :

Description of waste (with relevant identification code, if§
applicable) :

List of the ID of all the flasks for waste mercury/recovered
from the waste :

3.3 Storage Options

Mercury wastes often need to be stored somewhere
where they can be easily moved/retrieved before they
are submitted for recovery operations or disposal
operations. Such storage may be limited in time, as
allowed by national standards. It needs to be under-
taken in an environmentally sound manner to avoid
contamination of the environment. & 8 Storage should
be done in compliance with the requirements stipulated
by relevant national and international law, including the
Minamata Convention, where applicable.

Useful criteria for siting and design of storage faci-
lities include, among others, the following:

+ not built in sensitive locations (floodplains, ear-
thquake zones etc.), unless technical and legal
conditions are sufficient to ensure the ESM of
facilities in the area in question

« floors covered with mercury-resistant material

+ constant, low temperature

+ storage area clearly marked with warning signs
(see Photo 15)" 5
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Photo 15: Storage Site for Spent Mercury Contaminated

Catalysts from Natural Gas Production

(courtesy: Ministry of Environment, Indonesia)

General criteria for operation and safety include,
among others:

+ Mercury wastes stored separately from other
wastes

+ Full inventory; regular monitoring, audits and
inspections

+  Keep facility locked and secure from theft; res-
tricted access

« Trained personnel; fire alarm and suppression
system; emergency plan; vapour detection ins-
truments etc.!

More information is available in the Basel Technical
Guidelines, and the United Nations Development
Programme (UNDP), Global Environment Facility
(GEF) ‘Guidance on the Cleanup, Temporary or
Intermediate Storage, and Transport of Mercury Waste
from Healthcare Facilities’.®

Storage of mercury wastes may fulfil different func-
tions and be undertaken in varying locations. This may
include the following:

i) on-site at industrial facilities pending collec-
tion, recovery operations or disposal operations

i) on-site in public institutions pending collec-
tion, recovery operations or disposal operations

ii) off-site in suitable centralized hazardous
waste management facilities pending reco-
very operations or disposal

iv) off-site in dedicated facilities specially equip-
ped for storage of mercury for a long period of
time pending disposal

Storage may occupy a central position for countries
wishing to export mercury wastes for disposal should
they currently lack the necessary infrastructure to
ensure environmentally sound recovery/recycling, phy-
sico-chemical treatment, and/or disposal in SELs or
permanent storage in underground facilities.

i) On-site at industrial facilities pending collec-
tion, recovery operations or disposal opera-
tions (see Case Study 6): Wastes contaminated
with mercury or mercury compounds generated
by industry are typically stored on-site, e.g. in
tanks or containers, and are often then placed in
on-site warehouses®. If on-site storage is prac-
ticed in an environmentally sound manner and
downstream management options are available,
emissions and releases can be prevented or
minimized.

Storage of Sludge Contaminated with Mercury at a NFM plant

(Japan)

Packaging: The sludge is put in a double plastic bag, placed in a stain-

less steel drum and properly labelled.®

Storage and transportation: The labelled drums are kept and collected
in an indoor warehouse until they are sent to a dedicated mercury treat-

ment facility by truck and a railroad container.®

-#

Photo 16: Packaging of Sludge (courtesy:

Japan Mining Industry Association)

Photo 17: Transport of Drums (courtesy:

Japan Mining Industry Association)

Case Study 6: Storage of Sludge Contaminated with Mercury at a NFM plant (Japan)
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i) On-site in public institutions pending collec-

tion, recovery operations or disposal opera-
tions (e.g. hospitals) (see Case Study 7): End-
of-life mercury-added products may be stored
for a short period of time, before transport to
centralized facilities or directly to treatment faci-
lities. Boxes or containers for wastes containing
mercury or mercury compounds should be moni-
tored to avoid any other waste being deposited

i) Off-site in suitable centralized storage faci-

lities or treatment plants pending disposal:
Mercury wastes from households, public institu-
tions and industry can be collected and stored
in centralized facilities where different types of
hazardous wastes or hazardous wastes from
different producers are stored (see Case Study
8). Where available, mercury wastes should be
directly sent to treatment facilities.

in them. The boxes or containers should also be
labelled and placed inside buildings where they
can be monitored in a well-ventilated area, or, for
example, outside the building in a covered and
protected area." 6°

Storage of Mercury-added Products in the San Lazaro Hospital (Philippines)

In response to an administrative order mandating gradual phase-out of mercury in the Philippine health care
sector, the San Lazaro Hospital established a mercury management team, among others responsible for the safe
storage of spent mercury-added measuring devices and fluorescent lamps. Safety measures were implemented
to comply with the Department of Health’s ‘Guidelines on Interim Storage of Mercury Devices’.%8 &

STEP 1

STEP 2

STEP 3 STEP 4

Photo 21:
Stored in a dedicated faci-

lity in distance of patients’

Photo 20:
Placed in a labelled

secondary container and

Photo 19:
Wrapped in a labelled

Photo 18:

Placed in the original box

and sealed with duct tape plastic bag as primary

container sealed with duct tape area and offices

Courtesy all pictures: Karen Abejar, Arago

Case Study 7: Storage of Mercury-added Products in the San Lazaro Hospital (Philippines)
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Off-site Storage of Hazardous Waste in a Dedicated Facility (Germany)

Atypical example for off-site storage in German communities is the hazardous waste storage facility in Géppingen,
operated by a local waste management service provider. The facility accepts hazardous waste, including mercury
wastes, from private individuals and local companies/institutions. The waste is stored for a limited period of time
until it is collected by specialized and certified waste recyclers or transported to disposal facilities.

only for small amounts of waste

exclusion of radioactive, infectious and explosive wastes

waste is categorized and placed in separate storage sections

well-chosen site not threatened by natural disasters and not posing a

risk to vulnerable environments and communities

> technically equipped to reduce risk of releases of hazardous subs-
tances into soil, water and air

> well-trained personnel and availability of protective clothing?®

vy

Ll e
Photo 22: Hazardous Waste Storage Facility
(courtesy: ETG Entsorgung + Transport GmbH)

Case Study 8: Off-site Storage of Hazardous Waste in a Dedicated Facility (Germany)

iv) Off-site in dedicated facilities specially equip- Some countries may wish to store mercury wastes for
ped for storage of mercury for a long period longer periods of time until other disposal options are
of time pending disposal: dedicated facilities available. Such temporary storage can be realized in an
can be built for collection and storage of mer- aboveground facility that is specially designed for this
cury wastes, especially for larger quantities from  purpose. Many countries may have sites that could be
industry. Such facilities should be (a) located retrofitted for this purpose. In doing so, countries may
close to large waste generators (provided popu- rely on existing experience. However, special precau-
lation density around the site is low) and (b) not tions may need to be taken to allow safe storage
be located in environmentally sensitive locations for longer periods of time, as shown in. Case Study 9
(such as flood zones or wetlands) unless techni- Because the untreated mercury wastes remains in the
cal and legal conditions are sufficient to ensure  biosphere, it must be actively managed. A high degree
the ESM of facilities in the area in question). of financial and institutional commitment is required

to manage long term temporary storage.”
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Storage of Mercury in Warehouses (US)

In order to identify options for the management of the U.S. Department
of Defense’s excess stocks of mercury, a Mercury Management
Environmental Impact Statement was conducted by the Defense
National Stockpile Center. The options included no action, i.e. to conti-
nue storage at existing sites, treatment for disposal in dedicated facili-
ties, treatment for storage, and selling the stocks. Following thorough
assessment of the various options, long-term storage in a single conso-
lidated facility was identified as the preferred choice.” 7273

Mercury Overpacking Project

During the EIS, first preparatory actions were taken. 128,660
flasks were inspected, cleaned, tightened and then overpacked.
The flasks were placed in epoxy-coated steel drums with layered
protection (absorbent pads, plastic liners, locking ring etc.).”* 7

Prior to shipment, the selected warehouse was retrofitted to comply
with regulatory storage requirements. Training was conducted and the

operating permit issued.” Photo 24: Overpacking
(courtesy: Defense Logistics Agency)

Warehouse Improvements and Safety Measures

+ installation of fire suppression and security systems

+ installation of flooring sealant and ramped containment dikes
+ stringent emergency protocol

+ a ventilation system exerts control on mercury vapour

emissions -
+ safety and storage equipment includes mercury vapour detec- s
tion instruments and spill response kits’ 7 76 Photo 25: Warehouse for the Storage of

Mercury (courtesy: Defense Logistics Agency)

Eventually the mercury was transported to Hawthorne, Nevada in compliance with the requirements for the
shipment of hazardous materials. A stringent inspection and reception protocol was followed. The Defense
Logistics Agency Strategic Materials (DLA-SM) now safely manages ca. 4,400 metric tons (more than
130,000 flasks) of commodity grade mercury in currently 14 well-maintained storage buildings. The storage
is six 3 litre flasks per 30 gallon drum, with 5 drums per pallet, all on a catch pan.® 747576

The DLA-SM is working with Nevada state environmental regulators and Hawthorne Army Depot to per-
mit a new facility to re-containerize the flasks into new metric ton containers. The storage footprint will be
reduced by half, direct container inspection will be realized, and the container welds will be highly quali-
fied for multiple decades safe storage. A ‘Mobile Mercury Transfer System’, developed by the Oak Ridge
National Laboratory safely handles and transfers the mercury.®

Case Study 9: Storage of Mercury in Warehouses (US)
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Specially designed containers may facilitate safe sto-
rage of waste consisting of mercury for long periods of
time (see Case Study 10).

Specially Designed Storage Container (Spain)

The container has been constructed by Minas de Almadén y Arrayanes,
S.A. (MAYASA) for the purpose of storing and isolating waste consisting
of mercury from the biosphere for a period of over 50 years. The container
has a capacity of 50 t, a double shell of stainless steel and a permanent
and remote monitoring system. The mercury can easily be removed for
future disposal operations A study attested good performance to the stain-
less steel under static and isothermal conditions.” 8

Photo 26: MERSADE Container
(courtesy of MAYASA)

Case Study 10: Specially Designed Storage Container (Spain)
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CHAPTER 4:

Recovery Operations for Mercury Wastes

The Basel Technical Guidelines address recovery operations as an inhe-
rent part of disposal as noted in Annex IV, Section B and suggest permit-

ting the following operations for mercury wastes:

+ R4 — Recycling/reclamation of metals and metal compounds (see
the ‘Technical guidelines on the environmentally sound recycling/
reclamation of metals and metal compounds’”®)

+ R5 — Recycling/reclamation of other inorganic materials

+ R8 — Recovery of components from catalysts

+ R12 — Exchange of wastes for submission to operations R4, R5,

R8 or R13

* R13 - Accumulation of material intended for operations R4, R5,

R8 or R12

Recovery operations are those operations which may
lead to resource recovery, recycling, reclamation, di-
rect re-use or alternative uses. Recovery/recycling of
mercury wastes is an essential component of ESM.
This Chapter starts with an explanation of the basic
steps involved in the separation of mercury from the
waste matrix. Next, some examples of the various
technologies available for the different waste streams
are presented. The Chapter concludes with an over-
view of important considerations for ensuring that
treatment of mercury wastes, including residues, is
done in an environmentally sound manner.

Treatment of Mercury Wastes: containing or conta-
minated with mercury or mercury compounds are
treated in dedicated facilities to:

i) extract and purify the mercury contained in the
waste for re-use or disposal operations, and to

ii) decontaminate the waste to recover the
components or to make it eligible for dispo-
sal operations.

Where the mercury is recovered for subsequent re-
use, this is referred to as a recovery operation. By

contrast, where the mercury is extracted for subse-
quent disposal operations, this is referred to as phy-
sico-chemical treatment. The same or similar pro-
cesses are used in both cases. For simplicity, it is
summarized here.

The process may yield mercury-free, sometimes va-
luable raw materials (e.g. glass from the recycling
of lamps, zinc and iron from the recycling of batte-
ries or silver from the recycling of dental amalgam),
as well as mercury. As noted previously, recovered
mercury can only be used for the purposes allowed
under national and international law, including the Mi-
namata Convention, where applicable. An additional
advantage of recovery/recycling is that it may help to
decrease the waste volume.

Mercury recovery/recycling often involve the three steps
shown in Box 20. It should be noted that non-thermal
processes are also being used for recovery/recycling
of mercury wastes, such as chemical oxidation, che-
mical precipitation, or adsorption treatment. If crushing
of mercury added products is a necessary part of reco-
very, crushing should be conducted to prevent or mini-
mize worker exposure and releases of mercury into the
environment." 8 &
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Basic Steps in the Recovery/recycling of Mercury Wastes
through Thermal Treatment

1. Pre-treatment

Pre-treatment serves to increase the efficiency of subsequent steps by
removing materials other than those containing mercury. It is only neces-
sary for some mercury wastes, particularly spent products, which are cru-
shed or disassembled to facilitate the separation of mercury from other
components. Some types of waste contaminated with mercury also require
pre-treatment. Examples for pre-treatment include mechanical crushing
of fluorescent lamps, removal of impurities from batteries, dewatering of
sewage sludge or dismantling of electric switches.* 8 7®

2. Thermal treatment

The mercury is separated by heating it above its vaporization temperature.
Due to its low boiling point (ca. 356.73°C), most of the mercury in the waste
enters the off-gas/stream and is separated from other components (e.g.
zinc). Flue gas treatment devices can effectively capture mercury and mer-
cury compounds generated during thermal treatment. A number of thermal
treatment processes and technologies are available, such as rotary kilns,
multiple hearth furnaces, or indirect heated vacuum dryers. Thermal treat-
ment is used for many types of mercury wastes, e.g. to recycle button-cell
batteries, reactivate spent carbon, or decontaminate sludge and soil." &7

3. Purification

After having entered the exhaust gas system, mercury vapour emitted
during waste treatment is washed out via indirect cooled condensers and
condensed in the cooling area. The mercury remains in a liquid slurry. It is
then purified by several steps of successive distillation to render it re-usable
as a commodity or eligible for disposal.’8 7®

Photo 27: Example of Pre-treatment
(courtesy: SARP Industries)

Photo 28: Example of Thermal Treatment
(courtesy: Nomura Kohsan Co., Ltd.)

(courtesy: Nomura Kohsan Co., Ltd.)

Box 20: Basic Steps in the Recovery/recycling of Mercury Wastes
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The recycling methods used for wastes containing for the environmentally sound recovery and recycling
mercury are often very specific and multi-stage, whe-  of wastes contaminated with mercury as well as mer-
reas methods applied for wastes contaminated with cury-added products. Box 21, Box 22, Box 23, Box 24
mercury often are used for other hazardous wastes as and Box 25 illustrate some examples of recycling and
well. A number of different technologies are available recovery.

Example of a Recovery /recycling Process for Linear Fluorescent Lamps: End-cut/air-push

The aluminum end caps of linear fluorescent lamps are cut by heat. Air push nozzles blow the mercury-phosphor
powder adsorbed from the tube. The metals, glass and mercury-containing phosphor powder are then collected
in different vessels via a dry separation technology. Where necessary, the method also allows for separation of
the different types of powder. Unlike in other processes, the mercury is not extracted; instead, the powder is sent
to lamp manufacturers for re-use. The closed system operates under negative pressure.®

Gas treatment
captation of powder

and mercury Ends cut by heating
) (ferrous and

Fluorescent lamp non ferrous metals)

|

[141414/1/4/4/4/4/1 /4

:

VL Ll LL]

Shredding
of the glass

Air push
to extract the powder
and the mercury

Figure 15: End-cut/air-push Fluorescent Lamp Recycling (courtesy: SARP Industries)

Box 21: Example of a Recovery/recycling Process for Linear Fluorescent Lamps: End-cut/air-push
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Example of Thermal Treatment in a Multiple Hearth Furnace

The multiple hearth furnace has 6 floors to process the mercury waste.
Stirring paddles rotating around the centre shaft push the waste from the

upper to the lower floors until a heater vaporizes the mercury content. The |

mercury enters the furnace with the exhaust gas.

The exhaust gas is cooled down and condensed through the cooling tower.
It is then collected as a mixture of mercury and smoke dust. At this stage,
most of the mercury is collected.

Next, the gas is treated with a scrubber and electrical dust collector to
remove any remaining dust. Finally, activated carbon in the adsorption
tower collects mercury residues. Once the activated carbon is saturated
with mercury, it is replaced and treated with the same process. Residues
which have mercury concentrations well below the acceptance standards,
are disposed in a SEL.®

Photo 30: Multiple Hearth Furnace
(courtesy: Nomura Kohsan Co., Ltd.)

Box 22: Example of Thermal Treatment in a Multiple Hearth Furnace

Example of Recovery/recycling of Mercury-added Batteries
via Pyrolysis

Following manual separation, the mercury-added batteries are pyrolized
at high temperatures (700—800°C). In the exhaust gas purification plant,
mercury is washed out and condensed as a metal in a sludge. The sludge
is sent for further processing in the mercury distillation plant, where mer-
cury of high purity is recovered. Apart from mercury, the process produces
mercury-free ferro-manganese, zinc and slag.®

Photo 31: Pyrolysis

(courtesy: Batrec Industrie AG)

Box 23: Example of Recovery/recycling of Mercury-added Batteries via Pyrolysis

Example of a Vacuum Distillation Process

First, the mercury wastes are transferred into a bucket which is subse- =
quently put into a retort. The retort is heated under vacuum condition

to about 600°C for an extended period until the majority of the mercury,

including moisture and hydrocarbons, are vaporized out from the mate-

rials. Vapours generated from the retort are then cooled and condensed

under vacuum condition into receiving vessels where pure mercury, water |

and hydrocarbons are separated. Due to the air-tightness of the process,
the production of waste gas and the risk of spontaneous combustion is
minimized.®

Photo 32: Retorts
(Begemann Milieutechniek (BMT) bv)

Box 24: Example of a Vacuum Distillation Process
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Example of an Indirect Heated Vacuum Dryer (Vacuum Mixer)

A vacuum evaporator chamber uses heat and controlled vacuum (< 50 mbar (abs)) to evaporate contaminants
with boiling points up to 450°C. To heat up the evaporator, temperature resistant synthetic oil is circulated inside
the evaporator’s heating jacket and its central shaft. The rotating shaft inside the still-standing cylindrical evapo-
rator vessel ensures intensive mixing during the process. Due to the mixing, the heat transfer and the mercury
removal is higher than in stationary processes.

The evaporation process is divided in several phases and ensures a defined evaporation of water, hydrocarbons
and mercury. Vaporized compounds enter the off-gas stream, which is led into a heat exchanger, separating the
vaporized compounds from the off-gas stream by indirect condensation. The remaining vapour passes through a
vacuum unit and is cleaned of residual contaminants by an activated carbon filter, before finally being discharged

into the atmosphere. Water, hydrocarbons and mercury are recovered as separate fractions.®

O ®

Mercury sludge from
oil and gas industry

Vacuum thermal
desorption unit

Figure 16: Vacuum Thermal Desorption

® 6

Recovered resources:
* mercury
* oil
* water

Cleaned solids

Box 25: Example of an Indirect Heated Vacuum Dryer (Vacuum Mixer)

Management of residues, emissions and releases
from recovery operations: Environmentally sound
treatment includes the following steps:

+ To the extent feasible, establish a mass
balance, i.e. monitor the amount of mercury
entering on one end and captured on the other
and, if possible, investigate where mercury is
lost during the process.

+ Treatment steps during which mercury may be
emitted should take place in a closed system
under negative pressure to prevent vapour
emissions to the atmosphere.

+ Mercury in the exhaust air is captured (for
example by indirect condensation combined with
sulphur impregnated activated carbon filters).

+ Mercury in the wastewater is isolated using
various physico-chemical treatment steps (for
example precipitation, ion exchange).

+ Mercury emissions and releases are prefe-
rably continuously monitored." & &

It is often not possible to extract all mercury contained in
the waste. Moreover, a small, but significant proportion
will be ‘lost’ during treatment processes. Some mercury
will vaporize during pre-treatment, remain in the fly/bot-
tom ash during thermal treatment or may contaminate
wastewater. Mercury residuals from processing of
wastes either undergo further treatment or are disposed
in SELs or permanently stored. The same applies for
wastes contaminated with mercury that are generated
during gas and wastewater mercury recovery and treat-
ment (e.g. saturated carbon).- &8
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The Basel Technical Guidelines address disposal operations as an inhe-
rent part of disposal as noted in Annex |V, Section A and suggest permit-
ting the following operations for mercury wastes:

+ D5 — Specially-engineered landfill

+ D9 — Physico-chemical treatment

+ D12 — Permanent storage

+ D13 — Blending or mixing prior to submission to D5, D9, D12, D14 or D15
+ D14 — Repackaging prior to submission to D5, D9, D12, D13 or D15
+ D15 — Storage pending any of the operations D5, D9, D12, D13 or D14

Disposal operations are those operations which do not lead to the possi-
bility of resource recovery, recycling, reclamation, direct re-use or alter-
native uses

One of the means of reducing the risk of emissions
and releases from mercury is physico-chemical treat-
ment: Mercury wastes can be chemically stabilized
and/or physically solidified using commercially
available technologies. In many cases, a combina-
tion of both is used. This is referred to as stabilization/
solidification (S/S) (see Box 26 and Box 27).8
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In stabilization processes, mercury is brought into reaction with chemical
agents that convert it into a substance that is thermodynamically more
stable, less soluble and less volatile, making it less mobile and thereby

reducing release and exposure potential.8! 82 83

Box 26: Stabilization

In solidification processes mercury wastes are embedded in a solid
and stable matrix. Micro-encapsulation means mixing the waste
with the encasing material. Macro-encapsulation means pouring the
encasing material over and around the waste mass, thus enclosing it

in a solid block.8" 82 83

Box 27: Solidification

S/S can be used for wastes consisting of mercury or mer-
cury compounds as well as wastes contaminated with
mercury to reduce the risk factor associated with such
wastes. The objective is to immobilize the mercury in
a solid and low permeable matrix so that the waste
complies with the acceptance criteria for disposal in

Sulphur and mercury are mixed under heat in a vacuum mixer, thus reac-

ting to form mercury sulphide.

Reported characteristics of the final product:

+ Product is a powder with no detectable releases of mercury vapour

+  Complies with applicable leaching standard

+  Weight increases by approximately 16%, volume approximately

6-folgs 83, 77,81

Box 28: Sulphur Stabilization of Mercury (Germany)
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SELSs or permanent storage in underground facilities.
S/S provides an additional barrier and thus increases the
safety of these disposal operations.!: 8 8183, 84,85

Box 28 and Box 29 describe two of the most commonly
used approaches.

Photo 33: Commercial Stabilization Plant

(courtesy: NQR Nordische Quecksilber

Rickgewinnung GmbH)
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Mercury is stabilized with sulphur as mercury sulphide and then  Photo 34: Monolithic Block after the Treatment of
incorporated and microencapsulated in a polymeric sulphur Metallic Mercury from the Chlor-alkali Sector
matrix. Characteristics of the final products:

+ High compressive strength; very low porosity - > -

+ Difficult to reverse the process .
- Final product after treatment of metallic mercury contains ~Phote 35: Monolithic Block after the Treatment of

about 70% of mercury by weight Zinc Production Waste
+  Monolithic and crushed samples comply with applicable :

EU leaching acceptance criteria for inert solid waste land-
fi”SS, 77,78, 86, 87

Photo 36: Monolithic Block after the Treatment of
Fluorescent Lamp Dust

(all photos courtesy of MAYASA, National Technological Centre for Mercury Decontamination, CTNDM, Spain)

Box 29: Sulphur Polymer Stabilization and Solidification (SPSS) of Mercury and Mercury Containing Wastes (Spain)

Japan has developed a technology similar to SPSS, the final product are below the elution test standard
which stabilizes mercury with sulphur powder to (0.005mg/L).

form mercury sulphide and the second step is to

solidify the mercury sulphide with modified sulphur. Another form of S/S is Stabilization and solidification
Results of Japanese Leaching Test-13 applied to with sulphur microcements (see Box 30).

The treatment of mercury wastes with sulphur microcements results in a solid matrix that ensures the
confinement of mercury because of its precipitation in the form of very insoluble compounds, as oxides,
hydroxides and sulphides. The process includes the mixture of mercury contaminated waste with the sul-
phur microcement and water. The mixture is then discharged into the desired mould and is matured for 24
to 48 hours in watertight and leak-protected areas.

+ Technology tested in wastes with low mercury contamination levels (Hg < 2% by weight)
+ Final product can take different forms, including large cubic blocks to minimize surface exposure

+ High compressive strength
+ Final product complies with applicable EU leaching acceptance criteria for inert solid waste landfills* 8

Box 30: S/S with Sulphur Microcements (Spain)
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A number of S/S processes have undergone laboratory
testing at small and large scale. Some are now com-
mercially available or are expected to be so in the near
future. Prior to using a new technology, there should
be careful review of pilot or commercial operational
test data for performance and quality assurance/
quality control to assure that treated wastes meet
national or international criteria. For up-to-date infor-
mation, please consult the Basel Technical Guidelines
or visit the website of the Global Mercury Partnership
areas on supply and storage and waste management.®

It is suggested to evaluate physico-chemical treatment
methods in pilot-scale tests before commercial use.
This includes:

+ a verification of the quality of the stabilization
process by determining the conversion rate and the

Challenges Related to Physico-chemical
. Treatment (S/S)

Increased storage/disposal costs due to additionalé
treatment and waste volume should be considered

Measures to prevent decomposition of stablllzed
mercury wastes in the long term should be |dent|f|ed :

Completeness of the reaction between mercury and
treatment chemicals should be established :

Further research and steps towards large- scale
commercialization needed & 8'.83.84.85 :

Table 4: Challenges Related to Physico-chemical Treatment (S/S)

Adecision adopted by the COP to the Basel Convention
at its twelfth meeting invites parties and others to submit
comments on any developments regarding methods
for environmentally sound disposal of mercury wastes,
including the long-term effectiveness of the stabiliza-
tion and solidification of wastes consisting of mercury.
Despite some remaining challenges, S/S processes
reflecting the latest science offer important bene-
fits with regard to human health and the environment.
It is therefore suggested to consider this option in any
mercury waste management strategy.
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mercury vapour release from the stabilized waste;

+ an evaluation of the leaching potential over
a range of plausible disposal conditions (espe-
cially over a range of pH values); and

+ anevaluation of plausible changes to the treated
waste in the long-term due to exposure to the envi-
ronment and biological activity at disposal sites.

There remains some concern that information regarding
the long term stability of S/S wastes may not be fully
understood. The performance of S/S products is usually
tested with procedures such as the US EPA TCLP/LEAF
leaching tests (see Box 5) or the compliance test for
leaching of granular waste materials and sludges (EN
12457) before disposal. For more information on the
different methods, see the Basel Technical Guidelines.

Opportunities Related to Physico-chemical
Treatment (S/S)

Reduces vapour pressure, solubility and mobility;
enhances physical strength

Enhances safeguards against illegal use

Stabilized/solidified mercury wastes are relatively
easy and safe to handle

Allows safe storage and disposal in SELs or perma-
nent storage underground 8 8. 83.84.85

Table 5: Opportunities Related to Physico-chemical Treatment (S/S)



A specially engineered landfill (SEL) is an environmen-
tally sound system for solid waste disposal and is
a site where solid wastes are capped and isolated
from each other and from the environment.! The
waste is stored aboveground or near the surface below
ground.® SELs may be used for the environmentally
sound disposal of treated mercury wastes.

There are concerns that the placement of treated wastes
consisting of mercury or mercury compounds in SELs
may lead to the leaching of contaminants since it may
not yet be proven that such treatment can effectively sta-
bilize mercury over long periods of time. Mercury wastes
are tested to assure their long-term stability in SELs.
In addition, when wastes containing mercury or mercury
compounds is disposed of in a SEL, special considera-
tions should be given to the combination of S/S and final
disposal methods of such wastes." 8

Eligible mercury wastes: The following wastes that
meet the acceptance criteria defined by domestic
regulations may be disposed of in SELs.

DISPOSAL OPERATIONS
FOR MERCURY WASTES

+ wastes contaminated with mercury or mercury
compounds

+ wastes containing mercury or mercury com-
pounds that result from a stabilization and soli-
dification of wastes consisting of mercury or
mercury compounds with additional measures
to minimize releases and methylation of mercury
(such as prevention of rainwater/groundwater
inflow, separate storage of wastes, leachate col-
lection, monitoring etc.); waste mercury-added
products are treated to remove or recover mer-
cury: this treatment results in waste consis-
ting of mercury or mercury compounds and
waste contaminated with mercury or mercury
compounds.

Most countries specify leaching limit values, concen-
tration and/or content thresholds (see the examples for
the EU, the US and Japan in Table 6).

Eligibility Criteria for Landfill Disposal in the EU, the US and Japan

EU

Only wastes with leaching limit
values of 0.2 and 2 mg Hg/kg dry
substance at a liquid-solid ratio of
10 L/Kg in landfills for non-hazar-
dous and hazardous wastes res-
pectively.86 Some EU member
states prohibit aboveground land-
fill disposal of waste with a mer-
cury content above a certain limit
value (e.g. Netherlands, Sweden,
Belgium).

Us

Only low concentration mercury
wastes can be treated and land-
filled; treated mercury wastes must
leach less than 0.025 mg/L mercury
(by TCLP testing).

Table 6: Eligibility Criteria for Landfill Disposal in the EU. the US and Japan

Japan

Treated wastes with mercury
concentration equal to or less than
0.005 mg/L accepted in landfills
for domestic and industrial wastes
(leachate-controlled type); wastes
with mercury concentration in
excess of 0.005mg/L disposed at
landfills for hazardous industrial
wastes (isolated type).
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Figure 17 provides suggestions on which types of
mercury wastes may be disposed of in SELs and
which ones may not.!- & 12.84. 5. 88,89, 90

Suggestions on the Eligibility of Mercury Wastes for Disposal in a Specially Engineered Landfill

O

Wastes consisting of mercury

Liquid mercury is
mobile and may methylate
in landfills.

U
Hg

Spent mercury-added products

into the environment.

\_

Though some spent mercury-added products might be eligible under national legislation,
this is not suggested since the products may break and mercury may be easily released

(Semi-)liquid wastes contaminated
with mercury

Mercury contained in liquid wastes
may be emitted and leach into
groundwater.

o

g

==

v

Stabilized/solidified
mercury wastes
which meet the
acceptance criteria

the acceptance criteria

Solid wastes contaminated with
mercury which meet

J
l~~

Figure 17: Suggestions on the Eligibility of Mercury Wastes for Disposal in a Specially Engineered Landfill

Duration: In principle, and for a defined time period,
a landfill site can be engineered to be environmentally
safe subject to the site being appropriate and with pro-
per precautions and efficient management.!

Site selection: It is suggested to select sites with
favourable natural and artificial containment proper-
ties and base the decision on an evaluation of detailed
technical, biological, social, economic, and environ-
mental factors. The site selection process may include,
among others, consideration of the following:

+ Geographical, geological and hydrogeological
properties of the site
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« Future use of the landfill area
+ Degree of urbanization and its proximity to the site.

Where possible, it is suggested to choose sites where
the possibility of ground water pollution can be avoided.'

Safety requirements: In order to minimize risks to
human health and the environment, it is suggested
to ensure that preparation, management and control
of the landfill as well as the process of site selection,
design and construction, operation and monitoring,
closure and post closure care are of the highest stan-
dard."®



The site needs to be specially engineered for the purpose
of disposal of mercury wastes. Overall engineering should
ensure isolation from the environment that is as complete
as possible. Key requirements to prevent leakages and
contamination of the environment include, among others:

+ the waste is disposed of in dedicated cells, sepa-
rate from other wastes

+ control and oversight procedures are in place;
periodic monitoring and evaluation is undertaken

DISPOSAL OPERATIONS
FOR MERCURY WASTES

+ bottom (operating phase) and top-liner (closure
and post-closure phase) installed" &8

It is suggested to pay particular attention to the mea-
sures required to protect groundwater resources
from leachate infiltration into the soil. For exa-
mples of SELs, see Box 31 and Box 32. For detailed
information on safety measures and specific site crite-
ria, it is recommended to consult the Basel Technical
Guidelines and the Basel Technical Guidelines on
Specially Engineered Landfills.®

Example (A) of a Specially Engineered Landfill

Rainwater inflow

Notice board
_b Open pit
A

Enclosure _b

Land-slide
prevention measures

Figure 18: Example (A) of a Specially Engineered Landfill

preventive measures

Internal separating
facilities

Groundwater observation
equipement

Covering

External periphery
separating facilities

This example shows a model of a SEL that is designed to isolate the waste from the environment. It is enclosed
in watertight and reinforced concrete and covered with equipment preventing rainwater inflow such as a roof

and a rainwater drainage system.'

Box 31: Example (A) of a Specially Engineered Landfill

56




PRACTICAL SOURCEBOOK ON MERCURY WASTE STORAGE AND DISPOSAL

+ Double water-sealing structure
+ Reinforced concrete on the premises

+ Only residues with Hg concentrations well below the

acceptance standard
« Capacity of about 100,000 m?

+ Discharged water and groundwater regularly analysed®

Box 32: Example (B) of a Specially Engineered Landfill

- Landfills

Long-term stability of treated mercury wastes in
SELs should be examined and methods to evaluate :
such long-term stability should be established

SELs where treated mercury wastes are disposed of
should be continuously managed and monitored to :

prevent mercury releases to the environment '8 24.25.
27,36, 37,77, 78, 81, 85, 89, 90 :

Table 7: Challenges Related to Specially Engineered Landfills

Special attention may be necessary when disposing
treated mercury wastes in SELs. Mercury sulphide
is thermally decomposed at fire temperatures and
can be oxidised by atmospheric oxygen at approx.
250°C-300°C to gaseous mercury and sulphur dioxide.
The surface sealing of a landfill may be permeable
to air in the long-term. Mercury can then come into
contact with atmospheric oxygen and become oxidised
to mercury and sulphate. The formation of methylmer-
cury may occur under suitable geochemical conditions.
Both mercury as well as methylmercury may leave the
landfill via the gas circuit (landfill gas).*

In addition to fire prevention, methods to stabilize/
solidify wastes consisting of mercury or mercury com-
pounds as well as the structure and sealing of the land-
fill accepting them should respond to such mechanism
to ensure mercury releases from the disposed wastes
are minimized."
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Photo 37: Example (B) of a Specially Engineered

Landfill (courtesy: Nomura Kohsan Co., Ltd.)

red Landfills

Well established concept in many countries; expe-
rience with other hazardous wastes

Relatively low investment costs
Mercury wastes are isolated for a defined period of time

SELs could be a solution to countries that do not

have natural underground facilities/options 8 24 25.27.
36, 37,77, 78, 81, 85, 89, 90

Table 8: Opportunities Related to Specially Engineered Landfills

Despite such challenges, S/S processes offer important
benefits with regard to human health and the environment.
It is therefore suggested to consider this option in any mer-
cury management strategy.

Important ESM landfill considerations include the
following:

+ Examine the long-term stability of treated
mercury wastes in SELs and establish methods
to evaluate such long-term stability, including
examination of leachate and off-gassing;

+ establish a permit system, stipulating leachate
and gas control systems, closure and post-clo-
sure measures etc.;

+ identify existing landfills that could be retro-
fitted for the disposal of stabilized mercury;



+ make thorough environmental impact
assessments and analyse the long-term beha-
viour of stabilized mercury wastes in the specific
settings of the facility; and

+ continuously manage and monitor SELs in
which treated mercury wastes have been disposed.

Mercury wastes can be permanently stored in deep
geological cavities (e.g. in an underground mine). The
intent is to permanently isolate mercury wastes from
the biosphere by including it as completely and per-

DISPOSAL OPERATIONS
FOR MERCURY WASTES

manently as possible in a suitable host rock via several
natural and artificial barriers. A detailed case-by-case
evaluation of the suitability of any such facility is critical
to its effectiveness.

Mercury wastes, after
having been solidified or stabilized, where appropriate,
which meet the acceptance criteria for permanent sto-
rage (disposal operation D12) may be permanently
stored in special containers in designated areas in an
underground storage facility such as in salt rock.’

Figure 19 provides suggestions in terms of which

wastes may or may not be disposed of underground.®
8, 24, 25, 27, 36, 37, 81, 84, 85, 90, 91, 92

Suggestions on the Eligibility of Mercury Wastes for Disposal in a Specially Engineered Landfill

O

Spent mercury-added products

Mercury-added products
may break and release
liquid mercury.

Further research may be necessary.

\_

Wastes consisting of mercury or mercury compounds

Currently, liquid mercury is not accepted for underground storage.

Before it could be considered an option, it must be shown that the particular risks arising
from the nature and long-term properties of the metallic mercury and its containment can
be adequately addressed. For underground facilities in salt rock such an investigation has
recently been completed. Nevertheless, this option is still under scientific and technical evaluation.

~\

(Semi-)liquid wastes contaminated
with mercury

Mercury contained in liquid wastes
may easily mobilize.

e
Hg

v

Stabilized/solidified
mercury wastes
which meet the
acceptance criteria

Solid wastes contaminated with
mercury which meet
the acceptance criteria

oAbt

Figure 19: Suggestions on the Eligibility of Mercury Wastes for Underground Disposal
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: Permanent storage in deep rock facilities
aims at finding solutions that do not rely on long-term
maintenance or repair of an engineered structure. It
is nevertheless important that retrievability of the dis-
posed waste is ensured, in case future generations
would find this necessary or desirable. If safety requi-
rements are fulfilled, this option may serve to isolate
mercury wastes from the biosphere for geological
periOdS Of time'1, 8, 24, 25, 27,90, 91, 92

: Potential sites could be underground
mines that are no longer used and have suitable geo-
logical conditions, once they have been specifically
adapted for the purpose. Potential host rocks include
the following:

i) Salt rock: Considered impermeable to liquids
and gases and a very effective barrier for long-
term storage of hazardous waste. A minimum
thickness of the salt layer, however is needed to
ensure safe encapsulation. Few countries have
suitable formations.

i) Clay formations: Also considered as very good
barrier. Although not impermeable, migration of
pollutants is considered to be extremely slow.
Many deposits can be found worldwide.

iii) Hard rock formations: Although typically frac-
tured, may provide sufficient long-term safety if
combined with technical barriers. This type may
be found in many regions worldwide.

Other rock formations may be suitable as well, assu-
ming that the overall geological situation provide

for a sufficient long-term isolation of the hazardous
substances. All potential sites have to be carefully
assessed and additional technical barriers must be
in place.

The choice of a site is governed by a number of factors,
including geological conditions, permitting procedures,
construction, operation, financial considerations and
the prospects of gaining local consent). It may be advi-
sable to examine the possibility of using existing mines
to keep the cost at a reasonable level.®: 92 93,94, 95,96

: The sealing and permanent iso-
lation from the biosphere may be achieved through a
multi-barrier system.® % Thus, the isolating potential
is safeguarded by geological (e.g. host rock forma-
tion of practically impermeable formations, overlaying
clay layer) and engineered (e.g. chemical properties
of the waste, packaging) elements. In order to ensure
environmentally sound permanent storage, mercury
wastes are stored:

+ in accident-proof containers;

« properly sealed off from old or active mine pas-
sages and shafts;

+ in geological formations that are well below
zones of available groundwater and/or comple-
tely isolated from water-bearing zones ;

+ in geological formations that are extremely
stable; and

« notin areas subject to earthquakes.': 8 24 25.27.90,91,92

Prototype Container Potentially Suited for Permanent r-::' ,,{

Storage (Argentina)

During a UNEP project on mercury storage and disposal, engineers
of the National Institute for Industrial Technology Argentina adap-
ted a proposal initially developed for radioactive waste to explore
the possibility of permanently storing mercury wastes. The idea:
A permanent underground storage structure based on the use of
steel reinforced concrete cells in which drums containing solidi-

fied waste are stored.®”

Photo 38: Prototype Container

(courtesy: INTI Argentina)

Case Study 11: Prototype Container Potentially suited for Permanent Storage
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A long-term, thorough and holistic site-specific risk
and safety assessment is necessary to provide firm
evidence on the isolation potential offered by the bar-
riers and to identify a potential need for additional
action. Technical and natural barriers as well as pos-
sible unexpected events (e.g. accidents, earthquakes)
must be assessed." 8 24 25 27,90, 91,92

Further information on site selection criteria and safety
measures can be found in the following resources
developed by the International Atomic Energy Agency
(IAEA):

DISPOSAL OPERATIONS
FOR MERCURY WASTES

‘Geological Disposal Facilities for Radioactive
Waste™8;

‘Planning and Design Considerations for
Geological  Repository  Programmes  of
Radioactive-Waste™®; and

‘Geological Disposal of Radioactive Waste:
Technological Implications for Retrievability 3.

Experience from nuclear waste management may be of
value for the establishment of a safeguarding system.

Permanent Storage of Mercury Wastes from Mining in Crystalline Rock (Sweden)

In Sweden, plans for construction of a permanent storage facility in deep crystalline rock are in advanced

planning stages by a mining and smelter company.

The facility will be located at a depth of approximately 350 m., with a capacity of around 50,000 tons per
year. It will receive a total of 400,000 tons of mercury waste and other toxic industrial waste from the com-
pany’s operation. Some waste types will be stabilized prior to permanent storage.®

Figure 20: Layout of the Planned Deep Rock Disposal Facility

Waste
compacted in

Case Study 12: Permanent Storage of Mercury Wastes from Mining in Crystalline Rock (Sweden)
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Permanent Storage in Salt Mines (Germany)

In Germany, one option to dispose of mercury containing waste is to permanently store it in underground
salt mines. An example is the underground landfill in Herfa Neurode, where mercury-contaminated soils
and components, mercury-contaminated demolition waste from the chlor-alkali sector, and contaminated
glass breakage were disposed. The disposal area is located at depths of 500 to 800 m. and thus far below
the groundwater.® °

Operation

Samples taken at entrance

Acceptance control (chemical analysis)

Information pertaining to storage time and location recorded
Implementation monitored by authorities

Multi-barrier system

Natural barriers: Artificial barriers:

+ Salt (gastight): 300m +  Waste packaging
+ Clay (watertight): 100m » Brick walls

* Bunter stone: 500m * Field dams

+  Watertight shaft sealing

Photo 39: Placement of big bags in the salt mine Photo 40: Storage arrangement of drums in the salt
(courtesy: K+S Entsorgung GmbH) mine (courtesy: K+S Entsorgung GmbH)

Storage arrangement

Stored in disused, excavated areas of the mine, remote from the extraction area.

Different waste types placed in dedicated storage sections, separated and sealed by brick walls and
salt dams

Frequent monitoring of mercury vapour (and other hazardous substances).®

Case Study 13: Permanent Storage in Salt Mines (Germany)
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' Challenges Related to Permanent Storage - Opportunities Related to Permanent Storage

- Diligent selection processes and assessments should + Little aftercare needed (low post-closure costs)
be undertaken, including to determine whether the :
conditions required to host an underground site (geo-
graphic, legal, political etc.) are fulfilled :

A PR - +  Existing experience with hazardous wastes, including
:+ Steps should be taken to ensure that significant fi- : mercury wastes' 8 2 25 7,3, 37,51, 54, 85,%, 1,52, 93, 94,55, %

nancial resources are available

+ Allows isolation from the biosphere for geological pe-
riod of time

97,98, 99

lity of the waste in case of accidents' 2 2.27.3.57.61. Table 10: Opportunities Related to Permanent Storage

84, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99

Table 9: Challenges Related to Permanent Storage

Important ESM permanent disposal steps include the
following:

+ Develop site selection criteria, identify sites and
conduct long-term site-specific risk and safety
assessments;

+ engage in public consultation and carefully han-
dle the local consultative process to achieve
local approval;

+ put engineered barriers in place to complement
geological barriers, and ensure safety require-
ments and safeguards are in place (experience
from nuclear waste management may be of
value); and

+ secure financing and ensure private sector invol-
vement (polluter-pays and EPR approaches).
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EXPORT OF MERCURY
WASTES

CHAPTER 6:
Export of Mercury Wastes

The export of mercury wastes for environmentally sound disposal is a
particularly important option for countries without the necessary
infrastructure (see Case Study 14, Case Study 15 and Case Study 16).
It may also be the preferred choice for countries with relatively small
amounts of mercury waste or where the establishment and operation
of dedicated facilities is considered too costly. Some countries may see
export as an interim solution, until domestic facilities become available.

Export of Catalysts Contaminated with Mercury for Recovery/
recycling (Indonesia)

Indonesia has a significant gas extraction industry. This sector gene-
rates large amounts of wastes contaminated with mercury, including
catalysts. No recovery/recycling facility was domestically available. The
spent catalysts, contaminated with up to 15% of mercury, are exported to
companies in Switzerland and the Netherlands for recovery/recycling.®

- -
Photo 41: Recycling of Catalysts
(courtesy of Batrec Industrie AG)

Case Study 14: Export of Catalysts Contaminated with Mercury (Indonesia)

Export of Mercury-added Fluorescent Lamps for Recovery/
recycling (Philippines)

A mercury recycler from Japan and a collection company from the
Philippines established a cooperative arrangement for the shipment
of fluorescent lamps for recovery/recycling. In order to avoid transport
costs (and the associated risks), the company is currently investiga-
ting the commercialization of a plant in the Philippines.

Photo 42: Storage of Fluorescent Lamps
(courtesy: Nomura Kohsan Co., Ltd.)

+ transported in 40 ft. containers

+ plastic stuffing to prevent breakage

+ in compliance with the Basel Convention and applicable national
laws

+ in total, more than 50 t. exported to date®

Photo 43: Transport of Fluorescent Lamps

(courtesy: Nomura Kohsan Co., Ltd.)

Case Study 15: Export of Mercury-added Fluorescent Lamps for Recovery/recycling (Philippines)
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Export of Mercury Waste from a Gold Mine for Stabilization and Permanent Storage (Peru)

In the past, mercury from Peru’s gold mines was recovered and sold for processing and re-use. Currently,
it has been decided to retire it from the market for environmentally sound disposal.®

O Collection and storage on-site in appropriate flasks

O Obtain official waste export permit by local authorities

O Present sanitary permit of export to customs authorities

O O

Photo 44: The Yanacocha Mine in Peru Notification for transboundary  Prior duly reasoned request to
movements to the country state of destination on the basis
of destination in conformity + that the country of origin cannot
with the Basel Convention reasonably acquire the capacity
Challenge: for environmentally sound disposal

No facilities domestically available;
hazardous waste landfills not considered an
option, since S/S not available.

O Import in accordance with EU Regulation 1013/2006
on shipments of waste and domestic legislation
Solution:
Export for stabilization and permanent storage
in underground facilities; 30t retired to date. O Inspection and disposal in country of destination

Case Study 16: Export of Mercury Waste from a Gold Mine for Stabilization and Permanent Storage (Peru)

Legal considerations: Where applicable, all ship-
ments should be made in accordance with the
Minamata Convention (see Box 33) as well as the rules
and procedures of the Basel Convention. Under the
Basel Convention, Parties shall take the appropriate
measures to ensure that the transboundary movement
of hazardous wastes and other wastes only be allowed
under certain circumstances (see Box 34).
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Transport across International Boundaries under the Minamata Convention: Art. 11, Para. 3 (c)

“Each Party shall take appropriate measures so that mercury waste is

[...]

(c) For Parties to the Basel Convention, not transported across international boundaries except for the
purpose of environmentally sound disposal in conformity with this Article and with that Convention.
In circumstances where the Basel Convention does not apply to transport across international boun-
daries, a Party shall allow such transport only after taking into account relevant international rules,
standards, and guidelines.”

Box 33: Transport across International Boundaries under the Minamata Convention: Art. 11, Para. 3 (c)

Transport across International Boundaries under the Basel Convention: Art. 9

“Parties shall take the appropriate measures to ensure that the transboundary movement of hazardous
wastes and other wastes only be allowed if:

(a) The State of export does not have the technical capacity and the necessary facilities, capacity or
suitable disposal sites in order to dispose of the wastes in question in an environmentally sound
manner; or

(b) The wastes in question are required as a raw material for recycling or recovery industries in the State
of import; or

(c) The transboundary movement in question is in accordance with other criteria to be decided by the
Parties, provided those criteria do not differ from the objective of this Convention.”

Box 34: Transport across International Boundaries under the Basel Convention: Art. 9

The importing country should have the infrastruc- Important ESM export steps include the following:
ture to manage the waste in an environmentally

sound manner according to its national legislation. + Seek regional solutions in order to avoid unne-
If the transboundary movement is not done in com- cessary risks associated with transportation of
pliance with the requirements, it could be considered mercury wastes;

an illegal shipment and may be sent back to the owner.
+ address issues of ownership, liability and tracea-

Costs: Whether export might be a cheaper solution bility; and

than the alternatives depends on a number of factors,

e.g. the volume of mercury wastes. It is difficult to give + ensure that the rules and procedures of the
general cost estimates, as they vary greatly (e.g. due Minamata and Basel Conventions and/or rele-
to energy prices). Main cost factors include insurance, vant international rules, standards and guide-
packaging, customs, freight and shipment fees, and lines are observed.

the costs or treatment/storage/disposal in the country
of destination.
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CHAPTER 7:

MANAGEMENT OF
SITES CONTAMINATED
WITH MERCURY WASTES

Management of Sites Contaminated with

Mercury Wastes

The management of sites contaminated with mercury is a complicated,
time consuming and often costly effort. The management and remedia-
tion of mercury contaminated sites is often different from the management
of more conventional contaminants since mercury wastes or methyl mer-
cury act differently in the environment. Furthermore the options to clean
large volumes of mercury waste contaminated soils are costly.

Regardless of these concerns, it is suggested for
governments to identify and inventory sites conta-
minated with mercury, ensure that the source of the
contamination is contained to prevent any further
contamination and remediate the site as soon as fea-
sible to reduce exposure to humans and the environ-
ment." & % Management of sites contaminated with
mercury, once identified, often involve the following
general steps:

1. Preliminary Assessment which identifies the na-
ture and scope of contamination, including contami-
nation by other toxic chemicals that may be present

2. Site Investigation which identifies the area of
contamination and assesses the surface and
subsurface extent of contamination

3. Feasibility Studies which determine what tech-
nical options are available to manage or reme-

diate the site including evaluating how each
alternative can best reduce or eliminate contami-
nation from the site, and the cost of each option

4. Final Decision document which presents the
best approach to managing or remediating the
site

Each step in this process should be made available to
all interested parties and be available for public com-
ment prior to their finalization. 8

At contaminated sites the surface and sub-soil,
sediment, surface and ground water may need to
be adequately treated. A number of processes are
available for on— and off-site treatment (see for exa-
mple the EU‘s relevant Best Available Techniques
Reference Document (BREFs)® or the US EPA's
‘Treatment Technologies for Mercury in Soil, Waste
and Water’®°,

Contaminated Stes under the Minamata Convention: Art. 12, Para. 1 and 2

“1. Each Party shall endeavour to develop appropriate strategies for identifying and assessing sites
contaminated by mercury or mercury compounds.

2. Any actions to reduce the risks posed by such sites shall be performed in an environmentally sound
manner incorporating, where appropriate, an assessment of the risks to human health and the envi-
ronment from the mercury or mercury compounds they contain.”

Box 35: Contaminated Sites under the Minamata Convention: Art. 12, Para 1 and 2
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Treatment of Soil Contaminated with Mercury through a Combination of Wet Screening and
Vacuum Distillation (France)

Mercury contaminated soil and building rubble was treated by a combination of soil washing and using a
vacuum thermal desorption unit (vacuum mixer). In order to reduce the amount of material that has to be
treated in the vacuum mixer, a soil washing process was utilized. Coarse material, which is generally less
contaminated, was separated from fine material, which contains the bulk of the contamination, by a was-
hing process. The fine material was sent to the vacuum mixer. Coarse material was tested and declared as
cleaned solid if it met the quality criteria. If not, it was crushed and treated in the vacuum mixer.

The material treated by the vacuum mixer achieved a final mercury content of less than 1 ppm and leached
less than 0.001 mg/l. After the treatment, stabilization was used to reduce the leachability of other heavy
metals and the clean material was used for backfilling on-site.

X

Excavation

Crushing
Waste-
Photo 45: Indirectly Heated Discontinuous wi?eer
Vacuum Mixer for Mercury Recovery, Including <30mm S0 = S treatment
Solidification Mixer (courtesy: econ industries
GmbH)
Screening
Fine Soil
Vacuum thermal material scrubbing
desorption
Before adopting a soil washing Coarse Wastewater
approach, it may be advisable to Hgconene MNEETIR
determine if the concentration exceeds ol
of mercury in the contaminated Quality
soils is amenable to this type of G
t meets legal
reatment. Jimits
Stabilization Crushing Cleaned

soll

Cleaned
soil Wastewater
Final Waste-
quality water
Pure mercury control treatment

Figure 21: Combination of Wet Screening and Vacuum Distillation Flow Chart (courtesy: econ industries GmbH)

Case Study 17: Treatment of Soil Contaminated with Mercury through a Combination of Wet Screening and Vacuum Distillation (France)
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For additional information regarding the management
and remediation of contaminated sites, see:

+ ‘Technical and Economic Criteria for Processing
Mercury-Containing Tailings™*

+  ‘Remediation of mercury contaminated sites — A
review’1%

+  ‘Remcosite — Remediation of Mercury
Contaminated Sites™*

+ ‘Treatment Technologies for Mercury in Soil,
Waste, and Water8°

+ ‘International Experience in Policy and
Regulatory Frameworks for Brownfield Site
Management’'©2

+ ‘Management of Mercury Contaminated Sites’™"

+  ‘Network for Industrially Contaminated Land in
Europe’®

+ ‘Initiatives in Europe for the remediation in
contaminated soil’'%*

+ ‘Remedial Design/Remedial Action’1%

+ ‘Federal Remediation Technologies Roundtable’%
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KEY MESSAGES AND ACTION POINTS

This section provides an overview of the factors that can be considered in choosing management options.
Optimally, this means that mercury wastes are treated to extract the mercury or to immobilize it in an
environmentally sound manner. After stabilization/solidification, the extracted mercury is then disposed
of at a permanent storage site or a specially engineered landfill (SEL) site (alternatively, it may be used for
uses in products or industrial processes allowed under national and international law, including the Minamata
Convention, where applicable, in order to prevent/reduce the need for primary mining). Mercury wastes may be
securely stored, for example for further treatment until facilities are available or for export for disposal.

Types and sources of mercury wastes:

Identify domestic sources of mercury wastes , the types of mercury wastes; and the amounts of waste from
each source and for each type;

Determine whether excess mercury is or may become available and decide on a management strategy to
ensure that sufficient domestic capacity is available: and

Establish clear rules and definitions for mercury wastes, including when it is to be classified as waste, and
ensure that sampling and analysis are subject to quality assurance and quality control.

ESM of mercury wastes:

Prioritize avoidance/prevention/reduction of industrial processes and other activities which generate mer-
cury wastes;

Ensure mercury wastes are not mixed with other wastes, not discarded in uncontrolled landfills, not (co-)
incinerated without dedicated flue gas cleaning and controls, and treated to extract or immobilize mercury;
Manage in accordance with national and international law, including the Minamata and Basel Conventions,
where applicable, and other relevant rules and obligations;

Ensure that S/S, encapsulation or other treatment methods are conducted under control measures to
ensure the quality of treatment, and that the effectiveness of treatment in immobilizing mercury is tested
(i.e., for leaching and vapour release) before final disposal

Take measures so that wastes consisting of mercury are treated and disposed of in a SEL or sent for per-
manent storage in underground facilities following S/S;

Ensure that mercury-added products are collected, safely stored and, if appropriate, recovered/recycled;
consider implementing ESM;

Take steps so that solid and liquid wastes contaminated with mercury from industrial processes with mer-
cury in the raw material or intentional uses of mercury are subjected to ESM, including on-site or off-site
treatment ; and

Adopt a clear regulatory framework for the downstream management of mercury recovered from industrial
processes as well as of excess mercury from intentional uses.

Storage, handling, transport and traceability:

71

Encourage the establishment of dedicated storage facilities at locations where mercury wastes are
generated;

Implement measures to guarantee that on— and off-site storage is done in an environmentally sound
manner;

Ensure that mercury wastes are labelled, packaged and transported in appropriate containers with ade-
quate labelling;



+ Enforce the traceability of mercury wastes throughout the logistics chain; and
+ Consider retrofitting existing facilities for the safe storage of mercury wastes.

Recovery /recycling of mercury wastes:

+ Use environmentally sound recovery/recycling processes to extract and purify the mercury contained in the
waste for re-use or disposal operations and to decontaminate the waste; and

+ Ensure the following in facilities: a mass balance is established; the system operates under negative pres-
sure; mercury in the exhaust air and wastewater is captured; emissions and releases are monitored.

Disposal Operations:

+ If available, use proven commercially available S/S processes to immobilize the mercury; where not avai-
lable, consider export of mercury wastes for ESM treatment and disposal;

+  Where applicable, submit eligible mercury wastes for disposal in SELs or permanent storage in under-
ground facilities;

+  Where necessary, establish site selection criteria, secure financing, conduct an environmental impact
assessment and implement necessary siting, design, and operational safeguards; and

+ Where applicable, ensure that the export of mercury wastes is done in compliance with the Basel
Convention.

In practical terms, it is of utmost importance to engage in outreach and training activities:

+ Ensure that relevant information on the ESM of mercury wastes is provided to those involved in its mana-
gement; directly address relevant institutions, facilities and companies;

+ Instruct responsible persons at identified sources that mercury wastes are collected and managed
separately;

+ Offer guidance on how to deal with mercury wastes (covering identification, collection, handling, storage,
disposal operations etc.) that is easy to understand and use; and

+ Develop, document and distribute concepts and solutions that can be implemented against the back-
ground of domestic circumstances.

Figure 22 shows the various steps suggested to be taken in the development of a comprehensive strategy for the
environmentally sound storage and disposal of mercury wastes. The figure is partially based on the ‘Suggested
Framework for Decision-Making for the Safe Management of Surplus Mercury?®, which can be consulted for
further information and guidance.
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Key Steps in the Environmentally Sound Storage and Disposal of Mercury Wastes

Situation analysis Organization

Options analysis

Implementation

Figure 22: Key Steps in the Environmentally Sound Storage and Disposal of Mercury Wastes
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LIST OF ACRONYMS AND
ABBREVIATIONS

ASGM
CcoP
DLA-SM
DTIE
EPA
EPR
ESM

EU

GC

GEF
GHS
IAEA
IETC
IGOs
ISWA
LEAF
MAYASA
NFM
SEL
Sourcebook
SPSS
S/S
TCLP
UNDP
UNEP
UNITAR
us

VCM
WEEE
XRF

Artisanal and small-scale gold mining

Conference of the Parties

Defense Logistics Agency - Strategic Materials
Division of Technology, Industry and Economics
Environment Protection Agency

Extended producer responsibility

Environmentally sound management

European Union

Governing Council

Global Environment Facility

Globally Harmonized System of Classification and Labelling of Chemicals
International Atomic Energy Agency

International Environmental Technology Centre
Intergovernmental organizations

International Solid Waste Association

Leaching Environmental Assessment Framework
Minas de Almadén y Arrayanes, S.A.

Non-ferrous metals

Specially engineered landfill

Practical Sourcebook on Mercury Waste Storage and Disposal
Sulphur polymer stabilization and solidification
Stabilization/solidification

Toxicity Characteristic Leaching Procedure

United Nations Development Programme

United Nations Environment Programme

United Nations Institute for Training and Research
United States

Vinyl chloride monomer

Waste electrical and electronic equipment

X-ray Fluorescence
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