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Who is this guidebook and toolkit for?

This guidebook and toolkit have been designed to assist governments, civil-
society organizations, and the private sector of countries in preparing a
National Action Plan (NAP) for reducing mercury use in artisanal and small-
scale gold mining (ASGM) as required for applicable parties under Article 7
of the Minamata Convention on Mercury.

This guidebook and toolkit are designed as a supplement to the UN
Environment guidance document: Developing a National Action Plan to
Reduce, and Where Feasible, Eliminate Mercury Use in Artisanal and Small
Scale Gold Mining, which offers overarching guidance to countries formulating
ASGM NAPs for the Minamata Convention. In addition to providing guidance
on determining mercury use, this document also provides some technical,
legal, and socioeconomic information on issues related to ASGM, which may
be useful when preparing and implementing the NAP.

These documents are for guidance only and are not mandatory or required
for use under the Convention.

How does this guidebook and toolkit contribute
to the National Action Plan?

Under Article 7 of the Minamata Convention on Mercury, each Party
(country) shall notify the Secretariat if at any time the Party determines that
artisanal and small-scale gold mining and processing (in which mercury is
used) in its territory is more than insignificant. If it so determines, the Party
shall (a) develop and implement a National Action Plan (NAP) in accordance
with Annex C; (b) Submit its NAP to the Secretariat no later than three years
after entry into force of the Convention or three years after the notification
to the Secretariat, whichever is later; and (c) Thereafter, provide a review
every three years of the progress made in meeting its obligations under this
Article.




—JI Minamata Convention on Mercury - Annex C
Artisanal and small-scale gold mining

1. Each Party that is subject to the provisions of paragraph 3 of Article 7
shall include in its national action plan:
(a) National objectives and reduction targets;
(b) Actions to eliminate:
e Whole ore amalgamation.
e Open burning of amalgam or processed amalgam.
e Burning of amalgam in residential areas.

¢ Cyanide leaching in sediment, ore, or tailings to which mercury
has been added without first removing the mercury.

(c) Steps to facilitate the formalization or regulation of the ASGM sector.

(d) Baseline estimates of the quantities of mercury used and the practices
employed in artisanal and small-scale gold mining and processing.

(e) Strategies for promoting the reduction of emissions and releases of,
and exposure to, mercury in ASG mining and processing, including
mercury-free methods.

(f) Strategies for managing trade and preventing the diversion of mercury
and mercury compounds from both foreign and domestic sources to
use in ASG mining and processing.

(g) Strategies for involving stakeholders in the implementation and
continuing development of the NAP.

(h) A public health strategy on the exposure of ASG miners and their
communities to mercury, including gathering of health data, training
for health-care workers and awareness-raising through health facilities.

(i) Strategies to prevent exposure of vulnerable populations, particularly
children and women of child-bearing age, especially pregnant women,
to mercury used in ASGM.

(j) Strategie s for providing information to artisanal and small-scale gold
miners and affected communities.
(k) A schedule for the implementation of the national action plan.

2. Each Party may include in its national action plan additional strategies
to achieve its objectives, including the use or introduction of standards
for mercury-free artisanal and small-scale gold mining and market-based
mechanisms or marketing tools.

-
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This guidebook and tooklit enable a research team to:

1 Plan for, collect, and analyse data to satisfy requirement (d) of the Minamata
Convention — Baseline estimates of the quantities of mercury used and the
practices employed in ASGM. The methods introduced here can be used to find
an initial (baseline) estimate of ASGM mercury use and practices for the NAP. It
can also be used in follow-up mercury monitoring, when estimates of mercury
use are made at regular intervals defined in the NAP.

2 Establish an ASGM knowledge base within the country. This knowledge base
can be drawn on to create national objectives, reduction targets, and exposure
prevention strategies that are relevant and realistic (a, b, i), strategies for
formalisation and managing mercury trade that are informed by on-the-ground
insight and statistics (c, f), strategies for the promotion of mercury-free methods
and stakeholder buy-in (e, g), information distribution to ASGM communities
and health facilities that are appropriate and targeted to areas in need (h, j),
and a realistic timeline for NAP implementation that considers a full view of the
country’s ASGM sector (k).

Obligations (a) — (c) and (e) — (k), however require further rigorous investigation
that are outside the scope of this guidebook. Additional guidance materials on
these topics are available on the UN Environment National Action Plan Website®.

Strategies for maket-based Strategies to eliminate worst
mechanisms or marketing tools practices and promote
mercury-free methods

Strategies to prevent the exposure

of vulnerable populations,
particularly children and
women of child-bearing age

Steps to facilitate
the formalization

ARTISANAL AND | [FTIE

SMALL-SCALE
GOLD MINING
NAP STRATEGIC — P———
A public health strategy on aseline estimates of the
tﬁe exposure of mineggand ELEMENTS quantities of mercury used
their communities to mercury and the practices employed

Strategies for providing
information to ASGIM
affected communities

Stategies for managing
trade and preventing the
diversion of mercury

ttp://web.unep.org/chemicalsandwaste/global-mercury-partnership/asgm/national-action-plans
* http://web /chemicalsand /global hip/« /national-action-pl




How is this guidebook and toolkit organized?

This is an instruction manual as well as an educational and training resource.
It is organized in three parts: Chapter 1: Sector and Baseline Comprehension;
Chapter 2: Baseline Instructions; and the third part, Annexes (Annex A: Baseline
Support Tools and Annex B: Training Module).

Chapter 1 provides background on the ASGM sector and ASGM baseline
methodology. A strong understanding of the sector is vital to carrying out
successful and efficient baseline research, and thus a clear comprehension
of the material in Chapter 1 will save time and resources. The introduction to
baseline research includes a description of the general process, where to find
information, how to collect and analyse data from existing sources and in the
field, and how to extend site data to a country scale.

Chapter 2 is an adaptable set of instructions outlining how to carry out the
ASGM baseline research. It describes when, where, and how to use each of the
resources in the toolkit to plan for, collect, analyse, and report baseline data.
It elaborates the tasks required at each research step, from staff hire, through
data collection and analysis, to final reporting. Each step references helpful tools
from Annex A.

Annex A, the baseline support tools, is a collection of materials designed to
streamline the baseline process. The tools of Annex A include the following:

e Al: Printable interview and data collection forms

e A2: Data entry workbooks and reporting templates for sector scoping
(documenting exisiting data on the sector)

e A3. Data entry and analysis workbooks

e A4: List of common equations and formulas

Annex B, the training module, is a package of presentation slides, course syllabus,
and a practice exercise designed to help train the baseline team.

iv  Estimating Mercury Use in Artisanal and Small-scale Gold Mining




What will be accomplished with this guidebook
and toolkit?

The ASGM baseline guidebook and toolkit enable the reader to:

. Create a comprehensive national overview of ASGM practices;

. Design a baseline research plan that aligns with allotted resources;

. Collect relevant data from a variety of sources;

. Develop robust baseline estimates of annual ASGM mercury use, gold
production, and workforce within the country.

A WN PR

How to use this guidebook and toolkit

First, read Chapter 1 to understand what will be encountered during the research
and to become familiar with terms and concepts used in the instructions of
Chapter 2. Even for those who are already familiar with the ASGM sector, Chapter
1 should not be overlooked. ASGM is very complex, largely understudied,
and often misunderstood. Chapter 1 prepares the researcher to plan and
conduct the kind of research that will yield both a comprehensive overview of
ASGM practices and a robust baseline estimate that can stand up to critique.
Preparation topics include:

¢ how to plan for and carry out information scoping, interviews, and physical
measurements;

¢ where good sources of information are found;

e where and how research efforts should be focussed;

¢ how the sector may differ between regions and how this affects research;

¢ how to assess data quality;

¢ how to ensure estimates are reliable by comparing multiple sources.

Once prepared, move on to the instruction guide in Chapter 2 to carry out the
ASGM baseline research, utilising as needed the suite of tools found in the
Annex A. A checklist / schedule is provided at the beginning of Chapter 2 to
track progress of the research. If unsure about a term, concept, or equation,
consult the glossary and list of acronyms at the end of this guidebook, the list
of common equations in Annex A4, and the practice exercise found in Annex B.

The ASGM expert tasked with training the baseline team will find helpful training
materials (lecture slides, course syllabus, and a practice exercise handout) in
Annex B.
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Challenges

While the concept may seem simple, it can be challenging to obtain reliable
estimates from the ASGM sector. Artisanal mining is often informal with little
government oversight and few reliable statistics on production and sales. Most
often, finding reasonable estimates of ASGM mercury use, gold production,
and workforce requires extensive site visits, multiple interviews with miners,
gold buyers, local government officials, and others, plus additional observations
and physical measurements on ASGM sites. The feedback from these different
sources can vary greatly, and must be interpreted. Often through the act of
performing research, new insights are discovered that assist in the interpretation.
A reliable estimate is the result of compiling and comparing similar information
from numerous sources. Only in this way can reasonable confidence be reached.

Skills, people, and resources required for ASGM
baseline research

ASGM baseline research requires a team of people with specific skills. The team
lead must have a thorough understanding of ASGM, geology, the scientific
method, and Minamata NAP requirements. She or he must have strong skills
in the acquisition, management, analysis, and reporting of data and must
be a strong communicator and writer to impart training and deliver results.

The field component of the research requires a team who are quick thinking,
open-minded, and good problem solvers. Ideally, team members should have
experience in the field, skills in the acquisition and management of data, and
basic comprehension of the scientific method. They must understand the ASGM
sector (initially or through training) and must be given plenty of practice in
baseline problem solving in the classroom and field. Finally, and perhaps most
importantly, researchers must be friendly and communicative and able to adapt
their approaches quickly when new scenarios are encountered. Ultimately, the
Baselining Team is responsible for the quality of the ASGM Estimates. Team
members need to comprehend and collect thoughtful, relevant and high-quality
datathatinvolvessignificantfinancial, time,and opportunity costs. Forthisreason,
one of the biggest determinants of success is the selection of a capable team.
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CHAPTER 1

ASGM SECTOR
AND BASELINE
COMPREHENSION



“To successfully complete estimates of ASGM
mercury use, a crucial first step is to build a
baseline team that understands the technical, social,
economic, political, and ore processing context” '

The following chapter introduces key aspects of
ASGM. During baseline research, each of these

aspects will be an important source of information.

ore Feasible, Eliminate Merc < | ¢ \cale Gold Mining.



1.1. What is ASGM?

1.Introduction to ASGM

1.1. What is ASGM?

Artisanal and small-scale gold mining (ASGM) is gold mining conducted
by individual miners or small enterprises with limited capital investment
and production. It is typically a de-centralised production system. Various
governments may have established varying definitions of ASGM to suit their
jurisdictions. Some define it by the magnitude of ore processed (e.g., less than
300 tonnes per day) and some by the mining and processing methods used (e.g.,
manual and/or semi-mechanised techniques). It is important to know how it is
defined.

Generally speaking, gold-bearing ore is extracted from the earth and processed
via one of many manual or semi-mechanised techniques to produce gold, which
is then converted to currency through sale?.

*SLCRF, W<

ASGM differs from large-scale mining (LSM). LSM produces gold on a larger
scale using fully mechanized extraction and processing methods. An important
difference between the two sectors is that ASGM transfers wealth more directly
to larger populations of local workers in rural parts of developing countries.
Both conflict and cooperation exists between LSM and ASGM in many countries,
although conflict is more common. An integrated gold production system that
involves stronger collaboration between LSM and ASGM may emerge in the future.

2 |cons by Clément Branger, art shop,
Putu Kharismayadi, and Creative Stall,
respectively, from the Noun Project.
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1.2. Where Does ASGM Occur?

ASGM has been documented to occur predominantly in the rural parts of 81
developing countries (GMA, 2013! & 2018?). It is a major gold producer and
also the world’s largest employer in gold mining, representing about 20% (400 —
600 T/year) of global gold production (3200 T/year®) and 90% of the global gold
mining workforce.

ASGM may be formal or informal depending on the laws of each country and
the ability of miners to comply with these laws. However, ASGM is recognized
by many countries and the world’s international development agencies, such as
the United Nations and World Bank, as a significant poverty relief mechanism
and an important opportunity for development. Artisanal gold is an excellent
mechanism for transferring wealth from the urban wealthy to the rural poor
where there are few other economic opportunities. Incomes in ASGM can be
two- to ten-times those typically found in rural agrarian economies.

1 UNEP, 2013. Global Mercury Assessment 2013: Sources, Emissions, Releases and Environmental
Transport. UNEP Chemicals Branch, Geneva, Switzerland

2 UNEP, 2018 (to be published). Global Mercury Assessment 2018: Sources, Emissions, Releases and
Environmental Transport. UNEP Chemicals Branch, Geneva, Switzerland.

3 https://www.gold.org/research/gold-demand-trends/gold-demand-trends-full-year-2016/supply

Estimating Mercury Use in Artisanal and Small-scale Gold Mining



1.3. Mineralogy

1.3. Mineralogy

1.3.1. Gold Deposits

Natural processes cause gold to be concentrated in certain geological formations.
The concentration can happen through deep earth processes like volcanic activity,
where gold is introduced by hot fluids into veins, or through surface processes
like chemical and physical weathering, where gold is liberated by erosion and
concentrated by the transport of sediments.

A sample of gold-bearing rock mined from
a gold-bearing vein (hard rock deposit).

Gold in surface sediments (soft rock or
alluvial/colluvial deposits).

The rock or sediments containing gold
that are targeted by miners is called gold
ore. To produce gold, the ore must be
processed to remove the other minerals,
leaving behind a gold concentrate.

Chapter 1 - ASGM Sector and Baseline Comprehension 3



1.3.2. Ore Grade

The amount of gold contained within the ore is called its grade. Ore grade is
expressed as the weight of the gold (e.g., grams) present in the total weight of
the ore (e.g., tonnes). A typical grade unit is g/T. Artisanal miners target small
deposits of high-grade ores. A typical hard rock grade targeted by artisanal
miners is around 20 g/T. This means that to produce 20 g of gold, 1 tonne of ore
would need to be extracted and processed. A typical soft rock (alluvial) grade
targeted by artisanal miners is about 0.1-1 g/T and an alluvial operation moves
about 100 T of sediment per day, generating about 10-100 g of gold per day. But
numbers vary.

lower grade higher grade

There are two important concepts of ore grade that you might encounter. Total
grade is simply the amount of gold in the ore and is determined by sophisticated
laboratory measurements (assaying). But it is nearly impossible to get 100%
of the gold out of the ore. The recoverable grade is the amount of gold that
is extracted by the miners using their processing method. The rest of the gold
remains in the tailings (waste rock). Recoverable grade can range from as low as
20% to as high as 95% of the total grade. Because ASGM processing techniques
are often basic, the recoverable grade is often significantly lower than the total
grade.

@ Relevance
When an ASGM worker or stakeholder quotes an ore grade, they are typically
: quoting the recoverable grade. If the amount of ore and the recoverable ]
grade of the ore are known, then the amount of gold produced can be

calculated.
(T ore) x (g/T recoverable grade) = g of gold produced
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1.3.3. Gold Purity

Naturally occurring gold is not pure. It is a mixture of gold

and impurities. Typical impurities are silver and copper. —
A bar of this composite f
of naturally occurring
purity is called gold
doré.

gold
_—r ‘ 60%

The purity of gold is
commonly expressed

in karats or percent. \
¢ A percent scale of
purity ranges from 0 to 100%, where 0% is no
gold and 100% is pure gold;
¢ A karat scale of purity ranges from 0 to 24 karats,

where 0 karats is no gold, 24 karats (24 K) is pure
(99.9%) gold. 22 K is 91.7% (22/24).

T | silver
30%

Purity can vary significantly between ASGM mining sites, but less variation is
expected within a site.

© 2047 AGC

Impure gold (e.g., 18K or 75%) can be purified (24K or 100%) by refining it. To
convert a mass of doré into its equivalent mass if it was refined to 100% purity,
use the following equation:

( mass pure gold ) = ( mass doré ) x ( purity of doré (%) )

@ Relevance
Gold mined on one site will often have a different purity than on another site, ~ :
* based on geology. To compare amounts of gold produced between sites, you :
must standardize to 100% pure (24K) gold. Another reason to standardize to

100% pure gold is to calculate the value of the gold when sold, as the buying
price is often stated in currency per gram of pure gold.
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1.4. Extraction: Mining Ore

1.4.1. Types of Mineral Deposits

Hardrockisia SO|Id [deposit of mineralsthath
hasinot;beenjbroken down|or transported®
Examplesgofihard rock are; granite or/a
gold-bearingiquartzivein. Hard rock{is;also
known as:aprimary,ore deposit.

"w‘%\é

© 2017 AGC

deposit of, sediments. These: sediments
are derived from thelphysical erosion of:
hard rocks! and: are; moved by windand
water to,produce alluvial,sediment. Alluvialfee
sediments include gravel,and:sand beds_in
rivers and deposits of old river sediments.

©@2017 AGC:

Relevance

The type of mineral deposit is important because it dictates which methods
are used to extract the gold from the ore. Similarly, it also dictates the strategy
for reducing mercury use.
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1.4. Extraction

1.4.2. Extraction Units

An extraction unit is the location from which ore is extracted. During hard rock
mining, ore may be extracted from the walls of mine shafts, which are narrow
underground tunnels following the direction of a gold-bearing vein, or from
small to large open pits, which do not extend underground. Mine shafts in
ASGM can extend in vast disorganized networks that are kilometres in length
and reach up to 100 m below the surface. Organizing the underground workings
of ASGM remains one of its greatest challenges.

During soft rock (alluvial) mining, alluvial ore is extracted from deposits of
sediment that occur naturally along present-day or former riverbeds and deltas.
There are also soft rock ASGM operations that source ore from tailings piles.

An extraction unit is the most basic unit of ore extraction on an ASGM site.
If the number of extraction units on site is known, along with the average
size of the extraction group per extraction unit, the mining workforce for the
site can be determined.

workforce = ( # extraction units ) x ( # workers per extraction unit )

Chapter 1 - ASGM Sector and Baseline Comprehension 7




1.4.3. Extraction Equipment

At hard rock mines, ore may be removed with picks, shovels, excavators,
loaders, jack hammers, and/or blasting with dynamite. Rope and pails may be
used to bring the ore to the surface, and ore is then often transported in sacks.

Knowing which tools are used for extraction will give an initial indication
of the scale of production on a site and may provide ideas for technical
improvements. Production will be greater at sites using mechanised or
semi-mechanised tools and lesser at sites using strictly manual methods
for extraction.

8 Estimating Mercury Use in Artisanal and Small-scale Gold Mining




1.5. Transport

1.4.4. Organization of Extraction Workers

Miners can be organized in many ways. For example, mining can be done by
individuals, small groups, or large groups directed by a crew boss or site owner.

OZ0azAGC ' .07 AGC

individual miners small groups large groups + site owner

1.5. Transport: Linking Extraction and Processing

Once ore has been removed from the ground it must be transported to the
processing location. It may be moved in loose form by truck or excavator or
in sacks/bags/pails/ on wheelbarrows, bicycles, push-karts, animals (horses,
mules, etc.), or motorized vehicles (tuk-tuks, pick-up trucks, excavators, dump
trucks, etc.).

Understanding transportation can provide a useful gauge of production,
which ultimately is tied to the quantity of mercury used. Production can be
estimated by counting the sacks or transport units (e.g., trucks) departing
an extraction site. If the average weight of a sack is known,

daily ore production = (weight of sack) x (number of sacks per day)

Chapter 1 - ASGM Sector and Baseline Comprehension 9




1.6. Processing: Liberating Gold from Ore

Processing equipment may be located on the extraction site or at a specific
processing location. It may be owned by an individual miner, a mining cooperative,
the site/land owner, or operated as a service-for-fee business (e.g., toll milling).
There are other possibilities too.

crush mill

f

AW Ore

concentrate

By measuring the quantities of
mercury added to and recovered
from a processing unit, a
researcher can determine the
amount of mercury that is used
(lost to the environment) per
gram of gold produced at that
unit. This information can be
used to estimate mercury use
from a statistic of ASGM gold
production

10 Estimating Mercury Use in Artisanal and Small-scale Gold Mining




1.6.1. Processing Method

The variation found in processing technology and methods is large. However, the
general sequence involving mercury use is usually similar and is depicted in the

panel below. More detail on each step is found in the panels on the following pages.

amalgamate with mercury
(whole ore amalgamation)
& retrieve amalgam

vaporise smelt &
mercury refine

1.

3

amal
S

amalgamate with mercury
(concentrate amalgamation)
& retrieve ama|gam Since different processing
methods can use vastly different
amounts of mercury, it is
important to document which
methods are used in the country,
where they are located, and how

much mercury is used by each.

Chapter 1 - ASGM Sector and Baseline Comprehension 11




n Crushing: Ore is reduced

from large rocks down to
smaller gravel by crushing. Ore
can be crushed manually with

a hammer or mechanically with
various types of machines.

Grain size control: The milled
ore may be passed through screens
or sieves to strongly control grain
size output. Gold recovery is improved
when grain size control is practiced
deliberately. Proper grain size control
liberates more gold from the other
minerals, allowing it to be recovered.
Poor grain size control results in less
effective gold liberation and poorer
gold recovery as some of the gold will
remain trapped inside other minerals
or agglomerations.

12 Estimating Mefcury Use in Artis
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2 Milling: The crushed T o L6 Processmg‘. -
ore is milled to a smaller g — :‘\ ; “;&wﬂi*

%
and more uniform grain size. *ﬁ

4 Concentration: Gold is very
heavy and hydrophobic. These
unique  properties can be
exploited to separate gold from the
other minerals in the milled ore. Tools
used to concentrate gold include pans,
sluices, jigs, shaker tables, centrifuges,
flotation, and others. Many of these
tools use gravity to separate heavy gold
from other, less heavy, minerals. Some,
such as flotation, exploit the surface
properties of the minerals to separate
them. In some cases, concentration can
be very effective and a rich concentrate
of gold can be directly smelted to
produce doré, with no other steps (i.e.,
skip to Step 8). In other cases, ore is
partially concentrated, and additional
concentration steps are required if
mercury is to be avoided.

-‘-4
. b AGC

Chapter 1 - ASGM Sector and Baseline Comprehension 13
) — T e i T



5 Mercury amalgamation: Mercury
is mixed with the ore to separate the

gold from the other minerals. Mercury binds
to gold and some other metals to form a solid
amalgam that is roughly half mercury and
half gold.! Mercury forms a poorer amalgam
with silver and so ores rich in silver often
consume a lot of mercury.

© 2017 AG:

6 Recovering the amalgam
(squeeze): The amalgam and
residual liquid mercury is now easily
retrieved by gravity, often using panning.
It is squeezed through cloth or leather
to separate the solid amalgam from the

If the mercury is added
to an ore concentrate,
the process is called
concentrate
amalgamation

‘o] M

excess liquid mercury. The excess liquid
mercury is saved for re-use or thrown
away if miners think it is too dirty to
effectively capture more gold.

© 2017 AGC




If the ore is not concentrated
and mercury is added to all
of the milled material,
the process is called

whole-ore
amalgamation (WOA)

and consumes significantly
more mercury than
concentrate amalgamation.?

7 M ry vaporisation: The amalgam ball is heated

to vaporise the mercury, leaving behind “sponge gold,”
which is named for its porous texture. This may be
conducted in open air where the mercury is lost as vapour,?
or within a retort, which recovers some of the mercury
vapour (typically about 80% but it can be higher or lower) and
condenses it back to a liquid for future re-use. Depending on
the temperature of the vaporisation process, some mercury
may remain in the sponge gold, and will be emitted later
when the gold is melted at higher temperatures?.

© 201 7AGC‘.

1.6. Processing

| 1A mercury-silver amalgam
is roughly 3:1 mercury to
silver by mass, so if there
is silver present then
mercury consumption
will be higher. e.g., for a
mixture of 1 gram of silver
and 1 gram of gold, 4
grams of mercury would be
used to form an amalgam.

2Whole-ore amalgamation
(WOA) consumes
significantly more mercury
because large amounts
of mercury are lost to the
waste stream (tailings). For
this reason, it is defined
as a “worst practice” by
the Minamata Convention
(see panel). If WOA is
encountered, the NAP
must propose actions to
eliminate the practice.

3 When mercury amalgam
is vaporised in open air
without a retort or when
a retort is used improperly,
it exposes workers and
residents to toxic mercury
vapour. When amalgam is
vaporised in a building or
enclosed structure, some
of the mercury adheres
to the ceiling and walls
and then desorbs back
into the air over time
causing continuous long-
term exposure. For these
reasons, open vaporisation
is defined as a “worst
practice” by the Minamata

| Convention. If amalgam or

processed amalgam is seen
being vaporised in open air
or in residential areas, the
NAP must propose actions
to eliminate the practice.

15



8 Smelting: Sponge gold is

separated from impurities
by melting it into a solid gold
doré ingot and a small amount of
slag. The doré will vary in purity
depending on the nature of the
gold deposit. The doré can be
further purified (usually by a gold

shop or refinery) to achieve pure
24K gold © 2017 AGC

© 2017 AGC

Chemical Leaching (Cyanidation)

ASG miners may recover gold from ore or tailings by
leaching with chemicals. The most common method of
chemical leaching is cyanidation. In this process, cyanide
is added to milled ore and water. The gold in the ore is
dissolved to form a water-soluble gold-cyanide complex. A
common method used by ASG miners to recover this gold
is to absorb the gold-cyanide complex into hard carbon and
then burn the carbon to yield the gold. Another common
method is to precipitate the gold onto zinc and then dissolve
the zinc with acid leaving behind a gold paste which is then
melted and poured into a bar. Industrial miners do not burn
the carbon but rather desorb (“elute”) the gold and re-use
the carbon.

Chemical leaching is a very common practice in industrial

mining because it is cheap, recovers much more gold (often

greater than 90%), and, unlike mercury, it is not a global

i pollutant nor is it persistent — it is a degradable chemical

A\ compound which can be destroyed. When used properly it
A

can be safe for human and environmental health.
ry Use in Artisanal and Small-scale Gold Mining
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9 Reprocessing tailings:
If enough gold remains in

the tailings (processing waste)
for a profitable recovery, tailings
may by reworked to recover
more gold. This is often done
by ASG miners themselves
and can involve further use
of mercury. Tailings can also
be reworked by concentrating
further gravimetrically or
by chemical leaching using
industrial operations. In this
case it is important that any
mercury contained in the
tailings is not remobilised into
the environment. Specifically,
the Minamata Convention lists
the application of cyanide on
mercury contaminated tailings
as a “worst practice” for reasons
explained below.

© 2017AtC
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Chapter 1 - ASGM

1.6. Processing

However, cyanide forms a complex
with mercury in the same way
that it does with gold, so when
cyanidation is practiced on mercury
contaminated tailings, it mobilises
mercury and spreads it more
rapidly in the environment. The
cyanide-mercury complex can move
through surface and groundwaters
and when the complex breaks
down, the residual elemental
mercury can evade to the air. The
cyanide-mercury complex is more
bioavailable than elemental mercury
and has an increased chance of
methylation into its more toxic form
(see p. 31). Lastly, mercury consumes
cyanide and makes the leaching of
gold less efficient. For these reasons,
it is defined as a “ "
by the Minamata Convention. If
cyanide leaching in sediment, ore, or
tailings to which mercury has been
added without first removing the
mercury is encountered, the NAP
must propose actions to eliminate
the practice.

Sector and Baseline Comprehension 17
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1.6.2. Processing Method Determined by Mineralogy

For hard rock mines, typical processing steps
involve crushing, milling, and concentrating
(often panning or sluicing). Mercury may
be added at the milling stage (whole ore
amalgamation), or at the concentrated stage
(concentrate amalgamation) to capture gold
in an amalgam.

For alluvial mines, crushing and milling are
usually not necessary, as erosion and transport
have already liberated the gold. Typical steps
include several stages of concentration such
as sluicing and then panning to produce
a high-grade concentrate. Mercury may
be added at the sluicing stage (whole-

ore amalgamation) or during panning
(concentrate amalgamation) or not at all if the
gold is coarse and abundant. In some cases,
there is misguided or superstitious use of
mercury which does not in reality recover any
additional gold. An example of this is sprinkling
mercury on the deposit before processing
occurs (Suriname).

1.6.3. Processing Units

A processing unit is the most basic unit of ore processing on an ASGM site. A
processing unit could be defined as a set of individual processing components
operating together, which accomplish some or all of Steps 1 through 9 of the
processing method (e.g., crusher plus a set of six mills and one sluice), or it could
be defined at a finer scale (e.g., one mill or one sluice or one panner).

ﬂ Relevance

A processing unit is the most basic unit of ore processors on an ASGM site.
:  Data related to ore processing (e.g., throughput, gold production, mercury use) :

are measured per processing unit and can then can be scaled up to site- or

regional-level estimates if the total number of units in the site or region is

known. For clarity and consistency, what exactly comprises a processing unit

should be defined at the outset of baseline research.

Estimating Mercury Use in Artisanal and Small-scale Gold Mining
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1.6.4. Mercury Use During Processing

The term “mercury use” means the net loss of mercury during ore processing.
In other words, it is the amount of mercury that is lost to the environment
during ore processing operations.

Mercury amalgamation (Step 5): Mercury
is added to the ore with water, mixed, and
then recovered. However, recovery is much
less than 100%. Some mercury is lost to
the waste stream (tailings), and thus to the
land and water.

Amalgam squeeze (Step 6): some mercury is
lost to land and surface water when squeezed
mercury spills on the ground or back into the
tailings water. Additional mercury is lost when
miners discard “dirty” mercury that they no
longer feel can recover gold. When determining
amounts of mercury lost, the amount thrown
away must be considered.

Vaporisation (Step 7): When the amalgam
is heated to vaporise mercury and produce
sponge gold, mercury is lost in vapour form
to the atmosphere. If no retort is used, 100%
of the mercury in the amalgam is lost to the
atmosphere. If a retort is used, a portion of
the mercury in the amalgam is lost as vapour
—typically around 10 - 20%.

20 Estimating Mercury Use in Artisanal and Small-scale Gold Mining




1.6. Processing

How is mercury lost to
the environment?

Smelting & further refinement (Step 8):
A small amount of mercury may remain in
the sponge gold (2-5%), with larger pieces
containing more mercury. This mercury will be
lost to the atmosphere later when the sponge
is melted, smelted, and/or further refined.

Cyanidation (Step 9): When cyanidation is
practiced on mercury contaminated tailings,
it increases the mobility of mercury in the
environment. Mercury is lost to land and
water and air at the site of cyanide application
and the site of tailings disposal. Significant
amounts of mercury can be emitted to the air
when the activated carbon used to recover
gold is burned. Further still, some miners apply
mercury to the ash produced from burning the
carbon to recover the gold.

Improper storage: Mercury can be lost
because of the improper handling (e.g.,
spills) and storage of mercury. Mercury
should be stored with a layer of water on its
surface and in an air-tight container, else loss
by evaporation occurs.

©.2017 AGC
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1.7. Workforce

ASGM provides a primary income for around 10 — 15 million miners in at least 81
developing countries (GMA, 2013), including approximately 3 million women and
children. The sector supports roughly 100 million people worldwide.

The primary ASGM workforce is the number of workers directly employed in the gold
production system or, in other words, all those that receive direct payment from the
gold proceeds. The primary workforce includes miners (extraction workers, processing
workers, mining/processing foremen), business owners, mining coordinators,
cooperative leaders, and other related roles.

The secondary ASGM workforce is the number of people who are financially dependent
on the ASGM sector or, in other words, all those who provide goods and services to
the ASGM sector. The secondary workforce includes agricultural producers, merchants,
traders, and service providers. Often a multiplier of 5 or 6 is used to estimate the size of
the secondary workforce.

The total number of people supported by the ASGM economy is in fact even larger and
is composed of the primary workforce, secondary workforce, and dependents such as
families.

® : ASGM sector overview, as they indicate the scale of ASGM activity and the extent :
; to which the population depends on the sector Knowledge of the workforce can :

o " worker is reasonably estimated.

dally ore extraction = (miner workforce) x (daily ore extraction per miner)
Tiif daily gold production = (miner workforce) x (daily gold production per mlner)

2 * : The gold production can then be used to help determine mercury use.




1.7. Workforce

1.7.1. Workforce Roles ﬂ Relevance

Note that “miner” is a term used for all Awareness of these roles and how :
workersdirectlyinvolvedingold production. §peop|e are described is important,
In some situations, all miners are involved : especially when determining workforce
in all aspects of gold production — both numbers. For instance, counting :
extraction and processing. This is common : processing workers and extraction workers
in alluvial mining. In other situations, :and then adding them to obtain primary :
miners are segregated into those involved : \yorkforce may be legitimate on a site :
in extraction of ore ("extraction workers") = where the roles are separate, but may :
and those involved in processing of ore :gyerestimate the workforce on a site

n H n H H " .
("processing workers"). This is often the . where all miners perform all roles. :
Case in hard rock mining. ooooooooooooooooooooooooooooooooooooooooooooooooooo

1.7.2. Gender

Approximately three million women and children are involved in the global
primary ASGM workforce. Women may work as miners, mine owners,
cooperative members, or community leaders, among other mining-related
roles. The role of women in the ASGM mining workforce varies between and
within countries. Despite the critical role that women play in mining and in many
mining communities, and the importance of artisanal mining as a livelihood
and opportunity for rural women, relatively little gender aggregated data has
been collected on the ASGM sector. There remains a paucity of information on
women in ASGM mining.

community leaders, and extraction and processing workforce. This information is
: needed to design intervention strategies that clearly account for the health and needs
of women. In this light, it is also important to record the roles of women robustly in
the indicated space.

aw
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1.8. Governance and Formality

Formal policy and governance structures for ASGM are young and remain under
development in most countries so to a large degree, ASGM operates in the
informal economy. However ASGM does typically operate under a relatively
sophisticated governance system that contains most of the relationships seen
in a formal governance system (e.g., community leaders, land owners, security
providers, profit sharing arrangements). The system has been created by the
mining community itself and often contains varying degrees of cultural influence,
innovation, common sense, and fairness or unfairness, as well as influences
reflecting local, regional, and national authorities.

It is important to understand the operating governance system in order to
estimate mercury use, to understand why people use mercury, and to evaluate
the potential effectiveness of mercury reduction interventions.

Individual mining operations can be organized in many ways. Three common
examples (Figure 1-1) of site organisation are:

(1) Individual miners extract and processes ore and sell gold.

(2) Miners work in a group like a small business, with the business owner
providing supplies and distributing the earnings.

(3) Miners work together in a co-operative.

[alndividual Miners ] [9 Small Business ] [e Cooperative ]

Local Authority! Owner President
(10%) (25%) (10%)
Pit Boss Cooperative Members:
(10%) Miners, Processors,
Processors (2) Miners (10) oTransporters
(20%, shared (20%, shared (90%, shared evenly)

evenly) evenly)

Figure 1-1. An example of three common ASGM governance structures and their
earnings distribution (percentages). Note that in some cases, a local authority
may collect a formal or informal tax, as illustrated in (2).

24 Estimating Mercury Use in Artisanal and Small-scale Gold Mining




8. Governance

ﬂ.'?.?!?!?n?f ...............................................................................

- When planning baseline research, it is important to understand the scale :
: (national, regional, local) and the structure of governance. This understanding
is essential in estimating annual gold production based on earnings (see 7.4.1.

: Earnings-based Estimates, p. 72). In this approach, the governance system is
used to estimate revenue distribution, which in turn is used to estimate gold :
: production and ultimately mercury use. Knowing the governance structure will
: also enable a researcher to identify and interview important stakeholders with :

specific knowledge (e.g., mining coordinator, head of cooperative, local leader).
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1.9. Commercialisation

1.9.1. Economy

At 1250 USD/oz (40.19 USD/g) and 10
million people producing around 500 T
of gold per year, ASGM gold production
has an annual gross value of around 20
billion dollars. This equates to about 2000
USD/miner per year or 0.25 g production
per miner per working day for 200 days/
year. The variance on this average figure
is broad and this statistic is only used as a
global aggregate average.

The secondary economy of ASGM, using a
conservative multiplier of 5 is around 100
billion USD annually and involves 50 to
100 million people earning 1000 to 2000
USD per person. At a normalized wealth
level (purchasing power parity: PPP), this
is roughly 20 to 40 times poorer than the
average citizen of an OECD country.

26 Estimating Mercury Use in Artisanal and Srﬁall—scale‘Gold Mining [ L

1.9.2. Gold Supply Chains

Typically, an ASG miner sells to a local
gold buyer. The gold then moves through
one or several regional buyers and
traders and an exporter before reaching
the formal or informal refineries and
international markets (Figure 1-2). Some
of the gold remains in the country with
local goldsmiths who produce jewellery.
Remarkably, miners typically receive
at least 70% of the spot value of gold
(unprecedented for almost any other
commodity), illustrating the incredible
ability of artisanal gold to transfer wealth
directly from rich to poor even in very
remote_areas. Nonetheless, the more
links there are in the supply chain, the
lower the value ASG miners receive.
Connecting miners more directly to
markets leads to increased earnings

and a level of supply chain transparency
that promotes investment in better, low-
mercury or mercury-free technology.

il

© 2017 AGC



1.9. Commercialisation

- Domestic ASGM : International ASGM
|
miners J 70% 80% 90% 5%. 98%  99%
30 on-site [l region
f t
m (buyer buyerla'xIoor elt derlreﬁner HEdibs

5 ) 100 g 10kg 50 kg: 100 kg
miners 1
~—— Domestic LSM I International LSM
) l
i
— l
1

Figure 1-2. Schematic illustration of the ASGM and LSM gold supply chains.
Moving from upstream to downstream, values are percent of the international
spot price paid by the buyer and the aggregate amount of gold purchased at
each level. Note that the gold supply chain of the ASGM sector is more structured
than that of the large-scale mining (LSM) sector. The LSM supply chain typically
does not involve local actors and little aggregation of quantities occurs before
being sold into the international market, whereas ASGM gold passes through
many series of buyers. ASM gold is often exported illegally before entering
international markets. (LBMA = London Bullion Market Association).

Relevance
The supply chain provides information and constraints on gold production  :
:  and so may be a valuable source of information for estimating mercury use.  :
The many links in the supply chain are also many independent sources of
valuable information about the ASGM sector. Gold traders can be secretive
about quantities of gold purchased and mercury sold, however they can be
a reliable source of more general information (e.g., local/regional ASGM
governance structure, site locations, technology, prices, and general gold/
mercury trade routes) because they are a common hub in the ASG mining
community.

Chapter 1 - ASGM Sector and Baseline Comprehension 27




1.10. Spatial Distribution

A country is divided spatially into several formal administrative units. From large
to small these are often country, state/province/district, county/district, and
concession/mining title. Overlaying the formal administrative structure is the
informal structure of ASGM, for which spatial units can be defined as ASGM
regions, ASGM sites, and ASGM extraction and processing units (Figure 1-3).
ASGM sites comprise a cluster of extraction units (open pits, shafts), processing
units (e.g., sluices, panners, cyanidation plant), or both. Processing activity may
be decentralized or centralized at a single location on the ASGM site or separate
from the ASGM site (e.g., in a nearby community). Miners may live on an ASGM
site or in a nearby community. A single community may be situated between
many ASGM sites, housing workers from each of them. An ASGM region typically
encompasses numerous ASGM sites and can be coincident with formal state/
province/district/county boundaries or can be a separately defined zone. An
ASGM region may have an access town that is a mining hub where regional
trading of gold and mercury occur. An ASGM region or site may cross a country
boundary.

Formal

Country Boundary
------ Mining Concession
9 Country Capital
©@  Regional Hub
*

Community

Informal
== = ASGM Mining Region

ASGM Site

E Extraction Unit(s)

P Processing Unit(s)

Figure 1-3. A generalization of formal and informal spatial units typically found
in ASGM.
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1.10. — 11. Distribution & Season

a Relevance
W Spatial information is a vital part of the NAP. Major mining regions are  :
:  abasic unit involved in baseline estimates. Because ASGM practices

can vary strongly between regions of the country, baseline estimates
are first made at the regional level before summing into natio