
Life Cycle Approach and 
Informed Choices Catalogue

of 

Artisanal and Small-scale Gold Mining (ASGM) Practices



2

Compiled by: 

• Yuyun Ismawati 

• Mary Silaban 

For a separate use and to complement the Guide to understanding the Life Cycle Approach   

As applied to Artisanal and Small-Scale Gold Mining    

A Resource book for Local Governments and  ASGM Communities in the Philippines  

developed by: 

• Richard Gutierrez 

• Arleen Hondrade 

• Evelyn Cubelo 

@2014 

With funding support from US Department of State grant award No.S-LMAQM-11-GR-0027 

Disclaimer 

While this publication has been produced with the assistance of the US Department of State, the contents of the 
publication are the sole responsibility of BaliFokus and Ban Toxics! and can in no way be taken to reflect the views of 
the United States of America. The views herein shall not necessarily be taken to reflect the official opinion of donors.



3

Type of mining activities 

Alluvial mining UpS1                      

Reef/rock primary mining     UpS2               

Gold processing options  

Primary crusher MidS1                                                        
Secondary crusher     MidS2                         
Grinding MidS3                
Concentration MidS3                     
Gold extraction MidS4                       
  

End products options 

Tailing management               DwS1 
   

TABLE OF CONTENT



4

PURPOSE

To identify better options at every level of ASGM activities

To provide tools for the bottom up planning and participatory 
planning

As one of the references for environmentally sound 
management of ASGM

4

THE PURPOSE
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WHY WE NEED THE INFORMED CHOICES 
CATALOGUE?

A life cycle approach (LCA) identifies both opportunities and risks of 
a product or technology, all the way from raw materials to disposal;
There is a continuum of LCA from qualitative (life cycle thinking) to 
comprehensive quantitative approaches (life cycle assessment studies);
LCA promotes awareness that our selections are not isolated, but 
influence a larger system;
LCA promotes actors making choices for the longer term and 
considering all environmental and social issues associated with those;
LCA encourages stakeholders to improving the entire systems, not 
single parts of systems;
LCA also informed selections or choices to be considered by 
stakeholders, but not necessarily ‘right’ or ‘wrong’ ones.

5

WHAT IS A LIFE CYCLE APPROACH?



6

The existing ASGM practices is not sustainable and generates 
negative impacts to the community and the environment.
Already we have seen severe impact of ASGM and elevated 
concentration of mercury in the environment and its impact to 
people's health.
Better and safer options than the existing practices at all levels 
need to be disseminated, especially to miners, the community 
surrounding the ASGM hotspots and the relevant stakeholders.
ASGM actors and stakeholders must be made aware about the 
consequences, advantages and disadvantages of every option.

WHY WE NEED THE INFORMED CHOICES 
CATALOGUE?

6
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INFORMED CHOICES CATALOGUE 
OF ASGM - FOR WHO?

7

Information about: 
• Opportunities 
• Purpose 
• Considerations

Community stakeholders: 
• Demand for information 
• Education  
• Awareness

Local stakeholders: 
• To identify opportunities 
• To anticipate the consultation 

demand 
• Education and awareness

INFORMED CHOICES CATALOGUE FOR WHO?
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1. Whole ore amalgamation. 

2. Open burning of amalgam or processed amalgam.

3. Burning of amalgam in residential areas.

4. Cyanide leaching of sediment, ore or tailings to which 

mercury has been added without first removing the 

mercury.

8

THE WORST PRACTICES TO ELIMINATE*

* Annex C, Article 7, Minamata Convention on Mercury
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Technical and Financial Planning*

Equipment/production investor

DOWN-STREAM

Transporter

Concentrations

Tailings 
management

Supporting team (generator set up, 
diesel fuel supplies, etc.)

Gold 
extraction

Rehabilitation
Gold kiosk/

Bank Central

Gold shop/ 
jewellery shop

Transporter

Hard rock mining River bed/
compressor mining

Placer mining

Hg

LIFE CYCLE APPROACH OF ASGM

UP-STREAM

MIDDLE-STREAM

Primary 
Crusher

Secondary 
Crusher

Grinding 
unit

* including legal permit, 
institutional 
arrangement and EIA



10

The Informed Choices Catalogue of ASGM provides information regarding the 
options of several components of ASGM systems at different levels - ranging from 
the upstream level, middle-stream level to the downstream level - and several 
technical and management options.
In the "Technology Sheet", the design and functionality of the technology options 
will be explained briefly. 
In the "Evaluation Sheet" technology options assessed according to criteria such as 
Capacity, Cost, Practicability, Operation and Maintenance, Replicability, and 
Reliability, 
The utilisation of every option and its efficiency 
Assessment of the specific options is grouped into a "+" and "-" 
Layout is visualized well to facilitate the reader in learning the content 
In the "Management" sheet several options of management and operational 
services are provided 

This Informed Choices Catalogue is not a substitute for technical reference 
publications 
This Informed Choices Catalogue only presented some components of a selected 
ASGM technical and management options

10

THE STRUCTURE OF THE INFORMED CHOICES 



11

In the evaluation sheet, a level of ASGM activities assessed based on the existing practices relevant to the 
local situation, according to stakeholders, who will select the technical choices according to their 
preferences. Explanations focused on the suitability of practices, equipment and suitable components for 
ASGM based on the situation in Indonesia and the Philippines. 

Capacity 
A description of the suitability of components for individual, family miners or small-groups of miners up 
to 4000 populations in one ASGM operation area                                                                              
                                                                       
Costs 
Information on the cost of investment, operation and maintenance 

Treatment  
Prioritize energy and specific skills requirements for the operation and maintenance of the system 
selected 

Advantages & Disadvantages
Advantages and disadvantages associated with the ease of use for the user and processing efficiency are 
also described. 

Appropriate Next System  
Some options only suits for a specific technique or process. In this section, there will be some 
suggestions for the compatibility options.

WHY WE NEED THE INFORMED CHOICES CATALOGUE?
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EVALUATION SHEET
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Informed 
Choices

UP-STREAM

MIDDLE-STREAM

DOWN-STREAM

OTHER ASPECTS

• Primary Crush 
• Secondary Crush 
• Grinding 
• Concentration 
• Gold extraction

• Placer mining 
• Hard rock mining

• Gold purification 
• Tailing 

management 
• Remediation and 

rehabilitation
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Process selection is the systematic development of the optimum metal 
extraction route for a particular ore using the most appropriate technology. 

For gold the procedure has two goals:

Optimize project economics, principally a function of gold recovery 
rate and processing cost.

Develop a process that satisfies all of the project requirements, 
including environmental considerations.

Process selection is an iterative procedure which usually starts as soon as 
exploration has established the presence of gold mineralization in sufficient 
grade and tonnage for the orebody to be considered a potentially 
economic reserve. 

The effort devoted to process selection is related to the degree of 
certainly of the grade and reserve estimations and their absolute values, 
such as attractiveness and the potential of the deposit.

The risk associated with the development of gold projects can be 
minimized by planning a good work metallurgical program, and considering 
aspects that have been considered: capital, profitability, risk, safety and 
environmental factors.
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Factors in a process 
selection:  The factors 
affecting process 
selection are as follow:

Geological

Mineralogical

Metallurgical

Environmental

Geographical

Economic and 
Political

PROCESS SELECTION



UP-STREAM ACTIVITIES
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Legal Documents

Permit to execute mining activities
Exploration Permit
Exploitation Permit

Institutional set-up
Cooperatives/association/federation

Environmental Impact Assessment
……..

Post-mining plan

15



• The average concentration of gold in the Earth’s crust is 0.004 g/tonne (i.e. 
0.004 grams of gold in one tonne of rock). 

• A gold deposit becomes interesting for economic exploitation with grades 
usually above 0.2 g/tonne. 

• A rich deposit has gold grades above 10 g/tonne. 

• The extraction of gold does not depends only on the gold grade but also 
on  on the access and infrastructure of the site as well as the mineralogy of 
the gold, i.e. how gold is occurring in the ore.

• Study shows that with the existing practice, the effectivity of the small-scale 
miners to exploit the deposits was only 13-21% due to lack of proper 
planning.

16

GOLD OCCURRENCE



• Gold can occur as a pure mineral or be combined with other metals such as silver, 
lead, copper, mercury, palladium, tellurium, etc.

• Pure gold is known as 24 carat but too soft to make long lasting jewellery. In 18 
carat gold, for example, 18 of the 24 parts are gold and the remaining 6 parts are 
another metal, such as silver or copper. 

• The purity or fineness of gold is expressed in parts per 1000 (which is 100%). The 
purity of gold extracted by artisanal and small-scale miners are usually between 
20-60%.  The price of gold is established daily by the London Exchange Market.

•  When gold occurs within sulphides, it is not usually visible. Such tiny “occluded” 
gold is not easy to be extracted by gravity concentration, amalgamation, or even 
by cyanidation. 

• The sulphide must be oxidized (transformed to reddish iron oxide-hydroxide) in 
order to allow gold to be exposed or liberated. This oxidation can occur by many 
methods, such as roasting (burning in a bonfire), or mixing with oxygenated water, 
bleach, etc.

17

GOLD MINERALS
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Simple Complicated

Cost

Expensive

Alluvial mining/
panning

Cheap

Practicability

Photo: Larry Price

UP-STREAM

River mining

Compressor  mining
Hard rock 

mining
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Placer mining 

Placer mining is the mining of alluvial deposits for 
minerals. Placer mining is frequently used for precious 
metal deposits, particularly gold, which are often found in 
alluvial deposits—deposits of sand and gravel in modern 
or ancient stream beds, or occasionally glacial deposits. 

The metal or gemstones, having been moved by stream 
flow from an original source such as a vein, is typically 
only a minuscule portion of the total deposit. Since gold 
are considerably more dense than sand, they tend to 
accumulate at the base of placer deposits.

The containing material may be too loose to safely mine 
by tunnelling.  Where water under pressure is available, it 
may be used to mine, move, and separate the precious 
material from the deposit, a method known as hydraulic 
mining, hydraulic sluicing or hydraulicking.

  TECHNICAL SHEET      PLACER MINING - UPS1

Photo: Larry Price
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  EVALUATION SHEET        PLACER MINING - UPS1

Size of operation: Can be individual, 
family size (3-4 people) and or small-
group of miners (5-10 people) 

Costs:  Low to medium depending on 
the type of exploration: panning, sluice 
box, or dredging.

Practicability: Easy to do, no need 
too much technical knowledge to 
operate the tools/equipments.
 
Operation and maintenance: Low 
to medium, depending on the type of 
mining activities. Gold panning is 
cheaper than mining using the sluice 
box.  

Pro:  
• Low operational and 
maintenance costs

• No skill workers needed
• Can be done as a collective 
effort

Contra:  
• Only suitable for of alluvial 
deposits.  

• When mercury is in use, the 
contamination could be wide 
spread to the downstream. 
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 TECHNICAL SHEET      HARD ROCK MINING UPS2

Hard rock mining 

Hard rock gold mining extracts 
gold encased in rock, rather than 
fragments in loose sediment, and 
produces most of the world's 
gold. In many ASGM sites, very 
little planning made when miners 
open the mining shaft. 
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 EVALUATION SHEET   HARD ROCK MINING UPS2

Size of operation: Small to medium 
size group of miners (5-20 people). 

Cost:  Medium to high, depends on 
the type of mechanical and electrical 
equipments.

Practicability: Need technical 
knowledge to mine the ore under the 
ground and to operate the tools/
equipments.
 
Operation and maintenance: 
Medium to high.

Pro:  
• No skill workers needed
• Can be done as a collective 
effort

Contra:  
• Medium to high operational 
and maintenance costs.

• Improper mining practices lead 
to casualties.



MIDDLE-STREAM ACTIVITIES
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• A general rule for concentrating minerals is to discard the 
undesirable material or “gangue minerals”. 

• Fine gold that is not liberated from gangue cannot be 
concentrated.

• The only way to liberate gold from the gangue is by 
grinding.

• The first step before grinding and concentrating gold is to 
determine the best grain size in which most of the gold 
will be liberated from the gangue.

24

GOLD LIBERATION (1)
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• Crushing reduces the physical size of large rocks, exposing more surface 
area of rock, thus exposing any gold that may be in the rock and increasing 
the probability of obtaining the gold from the rock by gravity concentration. 

• Several stages of crushing or grinding can be required.

• Comminution is the term used to describe the mechanical disintegration of 
a rock.  This can be done by crushing (coarse) and grinding (fine).

• Factors to consider when crushing are the desired size of the crushed 
material and quantity of material to be crushed (“feed rate”). 

• The desired size of particle determines the number of stages of crushing 
(primary, secondary and tertiary) and the type of machine to be use.  

• The type of crushing or grinding method also impacts the way in which the 
rock is broken during crushing or grinding.

GOLD LIBERATION (2)
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Type of Rock Hardness

Basalt

Very hard
Granite

Quartz/quartzite
Copper ore

Hematite (iron ore)
HardSandstone

Pyrite
Gypsum Soft

• Primary crushing – crushing of 
large rocks fresh from the earth

• Secondary crushing – crushing 
of rocks after primary crushing

• Tertiary crushing – final sizing 
of rocks by crushing

• Grinding – grinding of crushed 
rock to very fine powder

GOLD LIBERATION (3)
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Stage Ore Feed (cm)
Output 

(cm)
Type of equipment

Primary 
crush

Soft 10 - 20 0.5 - 2 Hammer mill

Hard 10 - 50 2 - 10 Sledge hammer, jaw 
crusher, gyratory crusher

Secondary 
crush

Soft 2 - 20 0.3 - 2 Hammer mills, stamp 
mills

Hard 2 - 15 0.5 - 2
Small jaw crusher, 

gyratory crusher, stamp 
mill

Grinding
Soft 0.5 - 2 0.5 - 0.05

Mortar and pestle, 
quimbalete, handball 

mills
Hard/soft 0.05-0.5 0.005-0.05 Ball mills

 MIDDLE-STREAM: CRUSHING-GRINDING (1) 

Source:  Adapted from Perry, 1984
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 TECHNICAL SHEET      PRIMARY CRUSH     MIDC1

Sledge hammer 

A common method of pre-sizing rocks 
before grinding in a stamp mill or ball mill is 
to place oversize rocks (>2”) on a large flat 
rock, inside a Hessian or nylon ring which 
holds the rocks in place while they are hit 
with a hammer and passed to a second 
miner/miller who repeats the process to 
produce typically 1 cm rocks. 

Some miners use a piece of stone to grind 
the crushed rocks. In this process, the 
ground material is screened at 0.5 to 1 mm 
and the coarse material re-ground.
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 EVALUATION SHEET   PRIMARY CRUSH     MIDC1

Size of operation: Individual, simple and 
easy tool. No need special place.

Cost: Cheap and easy to do by men and 
or women even children. 

Practicability: Easy to operate, simple 
technical skill needed.

 

Operation and maintenance: Very low,  
only have to pay workers and some 
sacks. 

Pro:  
• No skill workers needed
• Can be operated by a single 
person

• Payment made by progress or 
share of the results of the 
work.

Contra:  
• Dust produced at the outlet 
could harm worker’s health. 
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 TECHNICAL SHEET      PRIMARY CRUSH     MIDC2
Jaw crusher 

Jaw crushers are very common in 
artisanal gold mines. 

Jaw crushers operate by means of a 
moving jaw suspended from an 
eccentric shaft driven by a diesel or 
electric motor via a large flywheel. 

Jaw crushers are typically sized by the 
size of the largest feed particle--if the 
rocks are large, the crusher must be 
large. 
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 EVALUATION SHEET   PRIMARY CRUSH     MIDC2
Size of operation: Feed size to a jaw crusher 
can range from 50 – 300mm; discharge sizes 
are between 10 – 70mm. A small crusher 
operating in batches of 5 to 10 tonnes of ore 
and handling 500 kg/h to reduce it to 
-1/4” (6.5 mm). Dry process.

Cost:  Medium to high, depends on the size of 
the required end product.

Practicability: Jaw crusher is easy to operate, 
simple technical skill needed.

 

Operation and maintenance: Medium to 
high. Need motor,  electrical or from power 
generator using diesel fuel.  The energy 
consumed by a jaw crusher is usually 0.5 
kWh/tonne. 

Pro:  
• No skill workers needed
• Can be operated by a single 
person

Contra:  
• Medium to high operational 
and maintenance costs.

• Dust produced at the outlet 
could harm worker’s health. 

• Protective gear and mask 
needed.
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 TECHNICAL SHEET      PRIMARY CRUSH     MIDC3
Stamp mills 

This is another crusher that has the name of 
“mill”. Stamp mills operate simply by the 
crushing action of the cast metal stamp heads 
as they fall onto the ore at the bottom of the 
mortar box. 

“Normal" stamp mills have 3 or 5
stamps.  The stamps are lifted via the cast iron 
collars by cams driven by a pulley and flywheel. 

Feed is typically 50mm, loaded into the top of 
the mortar box by shovel, and discharge is 
typically -0.5 to 1mm via a fixed screen on
the back of the box. 

Stamp mills can be operated either dry or wet, 
and can be either manually, electrically, or diesel 
driven.
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 EVALUATION SHEET   PRIMARY CRUSH     MIDC3
Size of operation:  The crushing capacity of a 3-
stamp mill is around 0.3 to 0.5 tonnes/h depending 
on the hardness of the ore. The cleaning of a stamp 
mill is easy but not quick, and usually involves 
manually digging out all the material accumulated in 
the mortar box between the stamp dies. Gold can 
be accumulated in the mortar box.

Cost:  Medium to high, depends on the mechanical 
options (manual or electric).

Practicability: Easy to operate, simple technical 
skill needed.

 

Operation and maintenance: Medium to high. 
Need motor,  electrical or power generator using 
diesel fuel.

Pro:  
• No skill workers needed
• Can be operated by a 
single person

Contra:  
• Medium to high 
operational and 
maintenance costs.

• Dust produced at the 
outlet could harm 
worker’s health. 

• Protective gear and mask 
needed.
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 TECHNICAL SHEET      PRIMARY CRUSH     MIDC4
Gyratory crusher 

Gyratory (and cone) crushers operate by rotating 
a mantle within a cone shaped bowl, similar to a 
mortar and pestle.

Coarse material, typically between 500 – 1000mm 
is introduced from the top into the crushing 
chamber. 

The width of the chamber decreases towards the 
bottom of the crusher and fine material falls 
through the gap between the mantle and the 
bowl. 

Discharge sizes can be 50 – 200mm. The mantle is 
typically mounted on an eccentric base driven 
externally by a horizontal shaft. 
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 EVALUATION SHEET   PRIMARY CRUSH     MIDC4

Size of operation: Most large mining 
companies use this type of gyratory crusher 
for feed rates above 100 tonnes per hour of 
material and when they want to reduce the 
size of large pieces of rock (as large as 1 
meter) to 50 mm in one step.

Cost:  Expensive.

Practicability: Easy to operate, simple 
technical skill needed.

 

Operation and maintenance: Medium to 
high. Need motor,  electrical or from power 
generator using diesel fuel.

Pro:  
• No skill workers needed
• Can be operated by a 
single person

Contra:  
• Medium to high 
operational and 
maintenance costs.

• Protective gear and mask 
needed.
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 TECHNICAL SHEET           GRINDING         MIDG1

Manual crushing and 
grinding methods 

This type of manual mills 
combined crushing and 
grinding process. 

Mostly done by women 
because it’s an ‘easy’ task 
to perform. 
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 EVALUATION SHEET         GRINDING        MIDG1

Size of operation: Typically the 
production is between 5-20 kg/day for 
product ground below 0.2 mm. The 
output size is usually smaller than 10 
cm.

Cost:  Low and cheap, using local 
materials or local customs.

Practicability: Easy to operate, no 
technical skill needed. 
 
Operation and maintenance: Zero

Pro:  
• No skill workers needed
• Can be operated by a single 
person

• Can be done at home

Contra:  
• Dust produced during the 
process could harm worker’s 
health especially if heavy 
metals minerals found in the 
ore. 

• Protective gear and mask 
needed.
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 TECHNICAL SHEET           GRINDING         MIDG2

Quimbalete 

This type of mill combines 
crushing and grinding, 
commonly found in some 
Latin American countries. 

Can be operate 
individually or collectively.



39

 EVALUATION SHEET         GRINDING        MIDG2

Size of operation: Typically the 
capacity of quimbalete is between 
50-100 kg per batch. 

Cost:  Low to medium, depends 
on the size and the numbers of the 
rock/boulder.

Practicability: Easy to operate, 
simple technical skill needed.
 
Operation and maintenance: 
Low. Need small amount of water. 

Pro:  
• No skill workers needed.
• Can be operated by a single 
person or collectively.

Contra:  
• Need extra care to handle the 
rock/boulder.

• Dust produced at the outlet 
could harm worker’s health.
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 TECHNICAL SHEET           GRINDING         MIDG2

Chilean ‘Muller’ mill 

This type of mill combines crushing and grinding. 
It utilizes two or three wheels running in a 
circular trough, driven by one of the wheels or 
by a central boss gear. 

The mill can either grind batches (where ground 
ore is taken out periodically and replaced with 
fresh feed) or operate continuously (for example 
where a continuous stream of water washes the 
ground ore out of the mill onto a sluice). 

The mill operates with water (usually a pulp of 
20% solids) and the material discharged through 
the nylon screen goes to sluice boxes lined with 
mats. The process is continuous and the output 
depends on the size of the mill and the grain size 
of the product.
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 EVALUATION SHEET         GRINDING        MIDG2

Size of operation: Typically the production is 
between 0.2 to 0.5 tonne/hour for product ground 
below 0.2 mm. The feed size is usually smaller than 
10 cm. Some miners crush the ore in a small jaw 
crusher to 2 to 5 cm and feed this into the 
Chilean mill.  They use a nylon screen (mesh size 
as small as 0.1 mm) at the discharge of the mill.

Cost:  Medium to high, depends on the size of the 
required end product.

Practicability: Easy to operate, simple technical 
skill needed. Chilean mills are very efficient.

 

Operation and maintenance: Medium to high. 
Need water, motor,  electrical or from power 
generator using diesel fuel.

Pro:  
• No skill workers 
needed

• Can be operated by a 
single person

Contra:  
• Medium to high 
operational and 
maintenance costs.

• Dust produced at the 
outlet could harm 
worker’s health. 

• Protective gear and 
mask needed.
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 TECHNICAL SHEET           GRINDING         MIDG3
Ball-mills 

This type of mill combines crushing and 
grinding. It utilizes two or three wheels 
running in a circular trough, driven by one of 
the wheels or by a central boss gear. 

The mill can either grind batches (where 
ground ore is taken out periodically and 
replaced with fresh feed) or operate 
continuously (for example where a continuous 
stream of water washes the ground ore out of 
the mill onto a sluice). 

The mill operates with water (usually a pulp of 
20% solids) and the material discharged 
through the nylon screen goes to sluice boxes 
lined with mats. The process is continuous and 
the output depends on the size of the mill and 
the grain size of the product.
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 EVALUATION SHEET         GRINDING        MIDG3

Size of operation:  Typically the processing 
batch is between 25 to 50 kg of ore/4 hour/unit 
and mixed with 5-7 gallon of water or about 
20-25 litre of water per unit depending on the 
size of the trommel/drum.  The feeding part is 
usually an opening size 20x30cm2.  Miners use a 
nylon screen (mesh size as small as 0.1 mm) at 
the discharge of the ball-mills unit.

Cost:  Medium to high, depends on the size of 
the unit, the numbers of the ball-mills and 
power generation. 

Practicability: Easy to operate, simple technical 
skill needed. Can be used as a small-scale of 
cyanide leaching unit.

Operation and maintenance: Medium to high. 
Need space, lots of water,  power from 
generator or electrical. 

Pro:  
• No skills needed
• Can be operated by a single 

person

Contra:  
• Mercury is always added into the 

ball-mills especially if miners or 
workers mix it during the 
process (whole ore 
amalgamation).

• Medium to high operational and 
maintenance costs.

• The tailing produced from the 
process need to be treated 
properly.
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1µm 10mm

Cost

Expensive

Cheap

Size of gold ore

 MIDDLE-STREAM: CONCENTRATION (2)

Mercury amalgam

Cyanide leaching

iGoli chlorine leaching

10µm 100µm 1mm

Thiocyanate leaching

Thiourea leaching

Extremely fine gold Very fine gold Moderately fine gold Medium 
gold

Coarse 
gold

Aqua regia leaching

Phytomining

Borax smelting

Froth floatation

Paraffin floatation

Agglomeration

Magnetic coat

Flat bar riffles

Angle-iron riffles

Expanded-grating riffles

Small sluice (McCann)

Popandson sluice (Gaber)

Electrostatic sluice (Loewen)

Clean gold sluice (Plath)

Hydraulic riffles
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CONCENTRATION METHODS OPTIONS (1)

10µm 100µm1µm 1mm 10mm
Size of gold ore
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CONCENTRATION METHODS OPTIONS (2)

10µm 100µm1µm 1mm 10mm
Size of gold ore
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CONCENTRATION METHODS OPTIONS (2)

10µm 100µm1µm 1mm 10mm
Size of gold ore
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10µm 100µm1µm 1mm 10mm

CONCENTRATION METHODS OPTIONS (3)

Size of gold ore
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Alternatives Remarks Dollar Cost in United 
States dollars ** Obstacles/Barriers

Centrifuge No mercury
$1,000–10,000.  

Average 4,000 for a 
good ASGM centrifuge

Initial cost, energy, water, technical know-
how, legal status

Sluice No mercury $50 – 1,000 Water (although can also be dry), high 
cost, high energy use

Magnetic Carpet 
Clean GoldTM No mercury $50 – 500 Preferably for alluvial ore or fine crushed 

ore

Shaking table No mercury $20,000 Relatively expensive, need preliminary 
treatment

Direct smelting 
kit No mercury $1,000 Cost, energy, technical knowhow, quantity 

of material that can be processed

COSTS OF AND BARRIERS TO THE USE OF NON-
MERCURY TECHNIQUES FOR GOLD ORE EXTRACTION

Source: Global Forum on ASGM (2010) and UNEP Conclusion Workshop on National Strategic Planning for ASGM, 
Siem Reap, 22-24 March 2011
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DOWN-STREAM ACTIVITIES
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Simple

Complicated

Cost

Expensive

Phytoremediation

Tailing process at cyanide 
leaching plant

Cheap

Bioremediation

Proven/industrial technologyWorst technique Best technique but not 
proven yet

Stabilisation/
solidification

END PRODUCTS, TAILING AND REHABILITATION (DOWN-STREAM LEVEL)

Immobilisation/
in-situ

Thermal desorption

Stabilised Fe-S 
nanoparticles - in-situ
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