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Foreword

Worldwide, the artisanal and smakltale gold mining (ASGM) sector constitutes 37 per cent of the
global anthropogenic atmospheric mercury emissions to the environment. Mercury is a heavy metal
which, due to its high mobility, bioaccumulation and persisteim the environment, constitutes a
global menace. Member States of the United Nations have therefore negotiated the Minamata
Convention on Mercury, a global treaty to protect human health and the environment from
anthropogenic emissions and releases @fcory and mercury compounds. Sierra Leone has ratified
the Convention in November 2016.

With support from the United Nations Institute for Training and Research (UNITAR), the
Environmental Protection Agency (EPA) is currently developing a National i\Btian for reducing
mercury use in the ASGM sector. This project is implement by UN Environment and funded by the
Global Environment Facility (GEF).

In Sierra Leone, little attention has been paid to the ASGM sector, as national and international
development efforts have largely focused on diamonds. Nevertheless, the ASGM sector provides many
young people and mainly single motharsgural areasvith livelihoods that enable them to feed their
families pay their chil drimpodfast kneaon effedts orf tlkedosal T h
economy, as it creates demand for agricultural products and other goods and services. At the same
time, the sector, which remains largely informal, has increasingly pressing environmental and health
impacts which aref public concern. This includes among other things the degradation of land, the
contamination of water sources, andsome caseshe unsound use of hazardous chemicals, such as
mercury and acid.

This report, prepared by EPA and UNITAR, aims to adlditess knowledge gap by presenting a
comprehensive overview of the ASGM sector in Sierra Leone. It examines key legal, institutional,
environmental, soci@conomic and health aspects of this heterogeneous and dynamic sector, which
will form the basis fortie National Action Plan. The findings in this report are based on interviews,

di scussions and observations that were held w
gold mining regionsThe stakeholders interviewed range from diggers at the sitie® and youth

leaders in the community, to gold traders mining towns and authorities in regional capitals.

Basel on this baseline of the sector, the EPA is committed to address, in collaboration with national
and international partners, the root cause o f the identified issues,
informality and limited access toformation andassistance. Each of these issues shall form an integral
part of the National Action Plan. This plan serves as an opportunity to not only reducéigatém

i mpacts stemming from the use of mercury, but
the sustainable development challenges that Sierra Leone is faced with today.

Dr. Foday Moriba Jaward
Executive Director
Environment ProtectioAgencyi Sierra Leone



Glossary

ASGM: artisanaland smaHscale gold mining

ASGM actor: A person involved in the domes&SGMvalue chain (diggers, processors, license
holders, licenses traders, unlicensed traders, goldsmiths, exporters)

ASGM stakelolder. A persoror an institutionindirectly involved inrASGM(customary chiefs, village
chiefs, youth leaders, farmers, shop holders, health officials, and representatives of provincial and
district-level NMA and EPA offices).

ASM: artisanaland snall-scale mining

Artisanal and smaltscale gold miningneans gold mining conducted by individual miners or small
enterprises with limited capital investment and production;

Artisanal mining operationsmeans mining operations that does not exceed a depth of ten metres;
Exchange rate:At the time of research in Januafgbruary 20181 USD=7,500 Leoneans (Le)
Formalization of the ASGM sector can be understood a&s process that ensures thaSGM
stakeholders are legalized and organized in legitimate entities which represent theiy peledes
are implemented, monitored, and enforced; and tA&GM stakeholders receive technical,
administrative, and financial support that enables them to adhere to standards.

Gold price: The @ld spot price on 11 February 2018 was 42.7 USD/g;

LSM: Large-scale industrial mining

Miner: A general term referring to a person directly involved in production. Most of them are manual
miners, such as diggers and processors, while some are license holders.

Smallscale mining means the intentional winning of minerals in mechanised operations not
exceeding twenty metres in depth or involving the sinking of shafts, driving of adits, or other various
underground openings$;

! (Minamata Convention: Article 2).

2 (Mines and Minerals Act, 2009: Section 1)

3De Haan, J.S., and Turn&, 2018 Handbook for Developintyational ASGM Formalization Stratiegwithin National
Action PlansGeneva, Switzerland: UNITAR & UN EnvironmentRU: https://www.unitar.org/cwm/mercu§

4 (Mines and Minerals Act, 2009: Section 1)
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Executive Summary

1.1 Background

Artisanaland Smaliscde Gold Mining ASGM) constitutes 37 per cent of the global anthropogenic
atmospheric mercury emissiongheenvironment. The Minamata Convention on Mercury is a global
treaty to protect human health and the environment from anthropogenic emissions and releases of
mercury and mercury compounds. Sierra Leone ratified the Convention on 1 November 2016.

To facilitate early implementation of the Convention, the Environmental Protection Agency is
executing the Global Environment Facility (GEF) funded prdpsstelopment of the Minamata Initial
Assessment (MIA) and the National Action Plan (NAP)ftisanal and Smdtscale Gold Mining
(ASGM) in Sierra LeoneThe project is cexecuted by the United Nations Institute for Training and
Research (UNITARaNd implemented by UN Environment

The primary objective of the NAP is to reduce (and if possible, eliminate) ¢hefusercury and its
emissions and releases. In addition to tthie,NAP is an opportunity to make tA8&GM sector more
sustainable anlo pr omot e t he sect or-éenonticodevelopméentince thea s t
ASGM sector ishighly heterogeneouand constitutes a source of livelihood for millions of people
worldwide, any transition to more environmentdiiendly methods should be based on a
comprehensive understanding of the sedata@fuding technical, environmental, legastitutional,and
socio-economic and health aspectéis document is an overview of tASGM sector in Sierra Leone

for decision makers.

The ASGM sector is distinctly divided into labour intensiagisanalmining, and smalkcale mining
which utilizesmore advanced machary. The findings of this report mainly focus artisanamining,
as the nature and scale of snsalhle mining only emerged during the field reseaithe snall-scale
mining companiegncounteredargely operaté without a proper mining licensgjere secretive on
the practices and production levels, aeenedto havepolitical support, making them difficult targets
to investigate The need to further investigate the mostly illegal sreedile mining sector is thefore
one of the key recommendations of this research.

1.2 Methodology

This study employed a mixed methods approach, combining quantitative, qualitative and geospatial
data collected from both primagnd secondargourcesThe research methodology was é&&n

UNI TAROG s-econ8ucdAsGM Resear ch Met hodol ogy OEstanatdg UN
Mercury Use and Documenting Practicesitisanaland SmalScale Gold Mining. The study was
carried out in four phases:

1 First, theexisting literature was reviewed according to the research themes, and data gaps
were highlighted. Secondary sources provided important information on various research

5> The termartisanal miningis therefore used much more often tHeBGM



topics, and the findings are discussed in chaptong with the findings from the field. The
summary of this literature review can also be found in Annex 1.

1 Second,key-informant interviews were conducted by the EPA and UNITAR both in
provinces and ifrreetown in January 2018. During this phase, all main mining hubs in Sierra
Leone were visited to combine information on existingsanal miningactivities.In total,over
300key-informants were interviewedhe results of this work can be found in Annex 2.

1 Third, mining communities, gold traders and related stakeholderfor the surveys and in
depth interviewswere selected on the basis of the information gathered during phase two, and
in consultation with NM\. The interviewswere conducted between 22 January and 17
February by the research team consisting of national and international experts. The detailed
field mission schedule can be found in Anne®daring this phasemore than 300 stakeholders
were inteviewed.

1 Fourth, information on the environmental impact and the scaetishnal miningoperations
was collected usingatellite imagery.

1.3 Key Findings and Conclusions

Theartisanal miningsector continues to provide many young people and single mothers in rural areas
with economically viable livelihoodde hat enabl e them to feed their
school fees. Besides this, the secigects cash into the local ecommy and creates a market for
agricultural outputs and other goods and services, thereby catalysing local development.

This report estimates that the currarttsanal mining sector employs over 80,000 minet¢ca.over
three per cent of the warlg age ppulationin rural areas who produce gold worth ov&25,000,000
USD by export valueon an annual basi§hese findings clearly indicate the scale and importance of
the artisanal miningsector for Sierra Leone. This report places the natiarisanal miningsector
among the most important extractive sectors in Sierra Leonby its export valugright next to wel
acknowledged rutile and diamond production.

At the same time, the sectioassubstantial environmental and health impacts These include the
contamination of water sources and the degradation of lands by mining pits which are categorically
not reclaimed after the mining activities end. These pits make the land unavailafdeniorg
activities, and further serve as a breeding ground for mosquitos in areas that are already heavily
affected by malaria. These concerns become increasingly importedrasurface gold deposits are

rapidly declining and miners now have to go deepzreach richer layers of ore.

Currently the only known places where mercury is used amatiganalminers are Kumaru and
Baomahun. Based on the gold production in those locations, it can be estimatedObatt&anal
miners are annually consumi@§6kg of mercury in averag@/ hile not geographically widespread,
the use of mercury is notablen those two locations.

Mercury usan smaltscale mining isnoredifficult to estimate andurgentlyrequires furtheresearch
However, based on secondary sour@esan be reportethat mercury amalgamatioappeardo be

8 The smalscale mining sector only employs approximately-200 miners



practiced to some exteritor the purpose of ging an upper limit of mercury use in Sierra Leone, a
rough estimation has been madedéd on raw assumptions: It is possible that §Y kg of mercury

is consumedannually if indeed all of the encountered smadlale mining companies were using
mercury.This is important to documenbecauseghe mentionednining companiesvere operating
without a proper mining license. The indication serves as a warninasihagal small-scale mining
isincreadng in Sierra Leoneit is possiblyengaging irenvironmentally harmful practices, such as
mercury amalgamation

The organization ofartisanalgold production, trade and export deviates significantly from the
regulations that currently govern the sector, tredsector is indeed largely informalat all nodes of

the value chain. There are substantialribes to formalization and in particular with regards to
preventing gold smuggling, which includes among other things, the limited institutional capacity of
regional NMA and EPA offices. Moreover, the trade of mercury is encapsulated in similar informal
trading networks that partly overlap with those of gold trade. Innovative efforts to formalizing the
sector, and an enhanced political will for doing so, are therefore a prerequisite for addressing the raised
issues in a meaningful and sustainable manner.

When considering the root causesadfsanaimines 6 adopti on of unsustai ne
their lack of compliance with lanend regulationstwo issues particularly stand out:
1 Mi n dimitedfinancial, administrative and technical capacity, and
1 Their(related) deeplyooted dependence on an informal network of regional gold buyers.
In this context, it is important to consider that at present, therdréwally no initiatives aimed at
providing financial and technical assistance tartisanal mining stakeholders

Based orfield observations, it is believed that provision of such assistance and positive engagements
with artisanalminers could go a long way in addressing the identified negatnpacts of the sector.
Indeed, with relatively simple interventions, mining practices could be imprBegdnd these issues,
provision of such assistance and the formalization of atissanal miningsector serves as an
opportunity tounlock the sectérs f ul | p ot e mtportantdevelopmeatccibliergessin n g
Sierra Leongsuch as youth employmemromen empowermerand poverty reductionrHowever,

before formalization efforts are further pursute development potential of theartisanal mining

sector first has to be more formally recognizedand included in the National Poverty Reduction
Strategy andther relevanpolicy documents.
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1 Background

According to the Global Mercury Assessmeattisanaland Smaliscale Gold Mining ASGM)
constitutes 3per ceniof the global anthropogenic atmospheric mercury emissions to enviroriment.
According to this study, an estimated total of 727t (estimates range frorhG4@) of mercury is
released to atmosphere by actions of mercury amalgamation used to liberate gold from gangue
minerals.

The Minamata Convention on Mercury is a global treaty to protect human health and the environment
from anthropogenic emissions amerases of mercury and mercury compounds. The Convention was
adopted on 10 October 2013 at a Diplomatic Conference held in Kumamoto, Japan, and entered into
force on 16 August 2017. The first conference of parties was subsequently held in Genexz®on 24
September 2017.

Sierra Leone signed the Convention on 12 August 2014 and ratified it on 1 November 2016. To
facilitate early implementation of the Convention, the Environmental Protection Agency is executing
the Global Environment Facility (GEF) funded jeat Development of the Minamata Initial
Assessment (MIA) and the National Action Plan (NAPaftisanal and Smalscale Gold Mining
(ASGM) in Sierra LeoneThe project is cexecuted by the United Nations Institute for Training and
Research (UNITAR).

The primaryobjective of the NAP is to reduce (and if possildiminate the use of mercury ants
emissions and releasés.addition to thisthe NAP is an opportunity to make tA&GM sector more
sustainabl e and pr omo tsecicéchnemicsdevelopmeniincethe ASGM r i b u
sector ishighly heterogeneousnd constitutea source of livelihood for millions gfeople worldwide,

any transition to more environmentaHyiendly methods should be based on a comprehensive
understanding of the sector. For this reason, M&&cuting countries should strive to prepare a
national overview of thASGMsector®

This document is an overview of tA&SGM sector in Sierra Leone for decision maké&kapter 2
outlines the specificasearch topics for this study, and chaptpresents the methodology used for its
implementation. Chapter 4, thematically organisd#ebn presentshe overall research findings
Conclusions based on the research findings are presenteapitec5To inaease general readability
of this overview, much of the technical informatican be found ifiootnotes and annexes.

“UNEP Chemicals Branch, 2013.
8 (UNEP, 2015)
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2 Research Topics

Accordi ng t o beNdnkulatgmaftdedNAR sbquld lfetased on Convention obligations
and current technical and scientific understanding ofAB&M sector, the use of mercury and
processing of gold amalgam, including its health and environmental effects, as well assdcial
economic analysis of th@SGM sectore’

More concretely, théour main researcthemegeferredto above
include
1 Policy, regulatory, and institutional framework,
covering the national legal and policy frameworks tt
pertain to the regulation of extractive industries, includi
ASGM sector
1 Health aspects examining the impact AASGM on the
health of miners, the broader mining community a
surrounding populatits
1 Sociceconomic aspects such as organizational
arrangements anthe importance ofASGM from the Figurel: Themes of the artisanal mining
. . . L overview. (lllustration: Malgorzata Stylo
perspective of the populations engaging in it, includitom (UNITAR, 2018Vsed with
from a gender and age perspective pemission.)
1 Technical and environmental aspects covering the
overall scale oASGM, the techniques applied atite environmental impacts

As illustrated irFigurel, these four topics have important interlinkages and are all relevant for creating
an evidencdase for a comprehensive and contpecific National Action Plan. he objective of

this report is to providéhe Governmenof Sierra Leonewith tools and indepth knowledge of the
ASGM sector,in order forit to manage and develop tHe&SGM sector in compliance with the
requirements set in the Minamata Convention. Futihénat this documentilsoexamines wayf

which theASGM sectorcould be better aligned with the strategic priorities set for minerals sector in
the Agendafor Prosperity:%1!

For the purpose of this studyetfour research themes have been brokenrdmio the following 15
research topics:

1. Previous experiences in addressk®GM,;

2. Demographic, social and economic information

3. The size of thASGM sector

4. Geographical distribution ASGM,;

9 (UNEP, 2015)
sSierra Leoneds Third Ge ngyrPaperi(2003 2P18)vAwailablg atiR@/fvevesieirao n St r
leone.org/Agenda%204%20Prosperity,patcessed 4 April 2018.
11 According to the Agenda for Prosperity, the two main strategic priorities of the Mineral Sector are to:
f Ensure that Sierra Leonebds mineral wealth supports
manner.
1 Ensure that the mining sector be&ges transparent and accountable and promotes good investment.
In order to achieve these priorities, the document also presents ten actions points for government.

13
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10.

Legal and regulatory statys

Leadership and organization A8GM at national and local level
Gold trade

Mining and processing informatipn

Mercury use and tragle

Impacts on local development

11.Women inASGM;
12.Youth andchildren

13.
14.

Environmental information
Healkh information

15. Access to financial and techniadsistance and formalization

Mi namata Convention postul ates the obASGMacttiiomi toyfd
and implement a National Action Plan (NAP), with the following objective:
Each Party that hasrtisanal and smalscale gold mining and prossing subject to this Article within it
territory shall take steps to reduce, and where feasible eliminate, the use of mercury and mercury compc
and the emissions and releases to the environment of mercury from, such mining and prdéessing/.)

More specifically, according to the convention the NAP should include:

a)
b)

c)
d)

e)
f)
9)

h)

THE MINAMATA CONVENTION ASGM

National objectives and reduction targets;
Actions to eliminate:

® Whole ore amalgamation;

(i) Open burning of amalgam or processed amalgam;

(i) Burning of amalgam in residential areas; and

(iv) Cyanide leaching in sediment, ore or tailings to which mercury has been added without first rer

the mercury;
Steps to facilitate the formalization or regulation of #isanaland smalscale gold mining sector;
Baseline estimates of the quanstigf mercury used and the practices employeattisanaland smalscale
gold mining and processing within its territory;
Strategies for promoting the reduction of emissions and releases of, and exposure to, martiganaland
smaltscale gold mimg and processing, including merctfinge methods;
Strategies for managing trade and preventing the diversion of mercury and mercury compounds frc
foreign and domestic sources to usaitisanaland smalscale gold mining and processing;
Strateges for involving stakeholders in the implementation and continuing development of the national
plan;
A public health strategy on the exposurearfsanaland smaliscale gold miners and their communities
mercury. Such a strategy should includger alia, the gathering of health data, training for heattare
workers and awarenessaising through health facilities;
Strategies to prevent the exposure of vulnerable populations, particularly children and womenloéahiid
age, especially pgnant women, to mercury usedairtisanaland smaHscale gold mining;
Strategies for providing information ertisanaland smalscale gold miners and affected communities; a
A schedule for the implementation of the national action glamnex C.)
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3 Methodology

ARTISANAL GOLD MINING IN
SIERRA LEONE

Visited gold mining communities and intensity of past

and present artisanal mining KATHARNS, gsie

LAMINRYA

AMPALA /
ABALAKURU
SMAKONIE

FEYAH-
MARU.

%

BAOWIK STATION
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O Visited Gold Mining Communities
[ Greenstone belt areas

0 50 100 150 200 km

Map: Juha Ronkainen, Environment Protection Agency 2018
Data: National Mineras Agency

Figure2: Visited mining communitieghere the keyinformant interviews took place on Janudfgbruary 2018.

This studyemployed a mixed methods approach, combimjugntitative qualitativeand geospatial
data collected from both secondary and primary sources. The study was carried oypliasest

1 First, the existing literature was reviewedaccording to the research themasd data gaps
were highlighted. Secondary sources provided important infoioraton various research
topics, and the findings are discussed in chaptdong with the findings from the field. The
summary of this literature review can also be found in Annex 1.

1 Second,key-informant interviews were conductedby the EPAand UNITAR both in
provinces and in Freetown January 20182 During this phasell main mining hubs in Sierra
Leonewere visitedo combinenformation on existin@rtisanal miningctivities. The results
of this work can be found in Annex 2.

91 Third, mining communities, gold traders and related stakeholders for the surveys and-in
depth interviewswere selected on the basis of the information gathduwadg phase two, and
in consultation with NMAMore precisely, this involved interviews with actorgatved in the
domesticartisanal miningvalue chain (diggers, processors, license holdiees)ses traders,
unlicensed traders, goldsmiths, exporters) and local stakeholders (customary chiefs, village

12 This was mainly carried out bylohamed Abdulai Kamara (Senior Environmental Officer, ERAha Ronkainen
(Consultant, EPA) and Jorden De Haan (Consultant, UNITAR).
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chiefs, youth leaders, farmesjop holdershealth dficials, and representatives of provincial
and districtlevel NMA and EPA offices The interviews wereonducté betweer22 January
and 17 February by theesearchteam consising of national and international expetfsA

detailed schedulef the field missiorcan be found in Annex 2.

1 Fourth information onthe environmental impact and the scaleadfisanal miningpperations

was collected usingatellite imagery. *4

uMethods:
wQualitative

uKey Topics:
winformation on

all topics were
collected

«Methods:
wQualitative
uKey Topics:
wGeographical
distribution of
artisanal mining

ulegal and
regulatory status

uMethods:
wQualitative
wQuantitative
wGeospatial
uKey Topics:
«Mining and
processing
information

wNomen in
artisanal mining

uMethods
wGeospatial
wQuantitative

uKey Topics:
wThe size of the

artisanal mining
sector
wGeographical
distribution of
artisanal mining

«fInformation on uEnvironmentaI
almost all topics information
was also
collected)

Figure3: Phases, appliedmethods and researdopics

3.1 Research Methodologies

In order to answer to the long list of research topics introduced in cRafiieze main methodological
approabes weredtilized in this study, i.equalitative, quantitativend geospatialAs most of the
guestions are qualitative in nature, it was natural to adopt the UNOT®AR secooomiz research
methodology as a fundamental methodological guidance for this stuttytechnicalquantitative
researchguestions, the UNITAR methodology was complemented by the toolkit developgdll by
Environment andhe artisanalGold Council (AGC)!® For thegold valuechain analysisU NI TARO3 s
methodology was further complemented byhthedbook developed by Levin Souréés

The approach developed b Environmentand AGCserved as a basis for estimating the size of the
artisanal miningsector, including amount of gold producaad mercury usedThe handbook from

13 The research team includddha Ronkainen (Consultant, EPA), Jorden De Haan (Consultant, UNITAR), Dr. Kelvin
Anderson (Consultant, EPA) and Mohamed Abdulai Kamara (Senior Envérdah©Officer, EPA).

14 Remote sensing was not originally planned to be that important, but it emergedcis methodology to better
understand the scale of the scatteadsanal miningsector in Sierra Leone.

15 (UNITAR, 2018)

%CO6Neill & Tel mer, 2017)

7 (Hunter M. S:N., 2017)
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Levin Sourceprovided useful insight into tracking and understanding illicit financial flovastinanal
. . 18
mining.

To better understand the scaleasfisanal miningoperations in Sierra Leone, a bespoke geospatial
methodology was developed for this studymiake use othelargespatial datasets made available for
this research by NMA, and tatilize satellite imagery information in the context of this stutliye
geospatialmethodology is explained in detail in Annex 3, where also quantitative and qualitative
methodologies are further elaborated.

ARTISANAL GOLD MINING IN
SIERRA LEONE

Diamond mining locations near Greenstone Belt,
where by-production of gold can be expected to occur.

I Greenstone Belts
[ Districts
— River
/A Visited Gold Mining Community
[® Diamond Minining
0 50

Map: Juha . Environment Protection Age
Data: National Minerais Agency

SV
old

3.2 Selection ofhe visitedartisanal miningommunities
The field research was conducted in four weelgng the period22 Januaryi 17 FebruaryThe
selection of the sites was based on the preliminary data collection cautibgg EPA, while NMA
was also consulted to make sure no important communities had been ned@ledeeth for site
selection included thacale of artisanal miningactivity, reports about mercury usthe use of
technology and accessibiljtsgnd is elaborated in detail in AnnexA& establishing baseline estimates
on mercury use is a direct rggement of the Minamata Conventiamo groups werdéormed when
selecting the communities to be visited.

a) Mining communities where mercury wadlegedlyused Laminaya, Kampalayiasumbirie

Maranda and Baomahun

18 (Hunter M. S:N., 2017)
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b) Mining communities where mercury wallegedly notused Kathanta, Kassasie, Makonie,
Dalakuru, Yele, Makong, Kumari&k¢mag, Wydallah,andTefeyah.

The entirelist contains the main known gold mining areas in Sierra Leone, and is representative in
terms of size, organizational structure and extoactype. The list also contanhe onlyoperating
licensed smalscale gold mine in Sierra Leone located in Makonie. The lishig &nd extensive, but

it allowed the research team &ffectively validate the claimed limited mercury uSeDuring the
research, onadditionallocation was added to the list, namely Baoma Station, in Bo district.

X gold producing provinces in country X

Selection of productive ASGM provinces

X main ASGM provinces

Selection of ASGMcommunities

X diverging communities per provinct

Selection of respondents

‘

X respondents per province

community and mine site

Figure 5: Selection of the ASGM communities. Modified ftdTAR, 2018Wsed with permission.

3.3 Limitations
We can be blind to the obvious, and we are also blind to our blindhess.

The studyutilizes several different research methodologispse limitationsareaddressed belgw
but most importantly, the study has an important limitation when it comes to its SEbigsestudy
focuses mainly omrtisanalgold mining, and only brieflyaddresses smadicale gold mining. This is
because, understanding of the scale of sswalle gold minig emerged onlguring the field research:
According tothe stakeholders, there was supposed to be only one operatingsataljold mine, but
asit turned out, there were many of them operating without a proper mining license.

Those companies, operatewstly by Chinesearesecretive in theibusinesseand dd not openly
share information. Due to this, the few attempts to engage with them during the field research were
less successful: Produmh levels werenot disclosedand any use ofnon-environmentally sound

19 None of the requirements for artisanal mining set in the Minamata Convention are not applicable to artisanal mining
without mercury use. (Minamata Convention: Article 7.1).

20 Noble Prize winner Daniel Kahneman, in his bddiinking Fast and Slow (p.24¥here he examines the limitations of
human mind on judgement and decision making.
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practices wer@almost categorically deniedhus, it is recommended, that further study is conducted,
which focuses on smadicale (gold) mining, to better understahd dynanics with local authorities,
andultimately tocontrol thoseoftenillegal activities.

Producing reliable estimates @mtisanal miningpopulation, gold production and mercury use is
difficult. The study at hand is the first known study where these estimates are based on something
morethan mere opinions. However, the quantitative methods applied are explanatory in nadture, an
thus contain significant uncertainties which entire scale is almost impossible to estifftaemain
problem stems from the fact that the samplingadfsanal miningsites and respondents is not
statistically representative due to the fact that theas woo little information available on the
population at the time of resear&@imply speaking, it is difficult to take a representative subset of the
population whicloneknows very little about (e.g. population size).

Regarding the geospatial methodptaisedthe manual demarcation aftisanal miningites neglects

all areas where there is no visible change in land cover (deforestation) and it fails to detect any active
artisanalmining happening inhoseareas where deposits are rich enough to cater mining for several
years??> The manuatiemarcatiorns also a limited methddr detecing mining which happens under the

thick canopy and therefore is not visible via satellite imagefnerefore, it serves only as an absolute
minimum estimate for the land occupied &nyisanalminers in 2017* The algorihmic demarcation

relies solely on present and historical records without validating whether there is actual mining
happening in the demarked area or mbereforeit is prone to overestimation in abandoned areas where
mining has already ceased.

The man problem with botldemarcation approachissthat they fail to detect active areas which have
not been recorded by NMA. Such areas are not difficult to émdnthough the algorithmic approach
detects the actual cleared mining area relatively welieyestimating only by 15 per cefigureA),

it entirely fails to detect 2.7 hectares of cleared area just below it. However, it is worth mentioning that
this underestimation is balanced by a hefty overestimatioB. oty the river, where mining has
apparently ceased or might nehewe takemplace FigureB).

21 A similar problem is present for example(lIdNEP Chemicals Branch, 2013)nd affects almost all known mercury
inventories prepared uginhe UNEP Toolkit for quantification and identification of mercury emissions and releases.
22Baomahun mining community is an example of a place, where alluvial mining has been conducted for several consecutive
years in the same areas.

23E.g. scattereddrd-rock mining in Masumbirie and Maranda.

241t can be used as an indication of the annual rate of deforestation and land degradation eatisgddabyginers (Chapter

0).

25The NMA records indicate applicatioads and some income tax payments from year 2013.
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Underestimation:
2.7 hectares

Overestimation:
3.37 hectares

A

Figure6: Limtations of algorithmiartisanal miningarea detection. Blue is the actual cleared area. Green is what is detected
algorithmically. Scale: Diameter of a circle is 80 meters.

Despite its obvious limitations, these two demarcadipproachegmanual and algorithmic) turned out
to beeffectivein estimating gold production and work force, and even beylisdindeed,analysis
carried out using satellite imagery and spatial records also provided answers teseifuwetguestions,
especiallyon environmental impact (chapt@), access to health care (chapfet4 and access to
education4.2.4.

As the research team itesd almost entirely prominent mining sites, the resulty bebiased towards
more establishedrtisanal miningperations. Indeed, as the primayrposeof thefield studywas to

establish a baseline for mercury useaitisanal miningthe research was focusedtbe most active
mining sites where its use might be expecdkaadally, theranay becultural bias in this studstemming

from the fact that some of the researclmme from entirely different cultural backgroyaad none
of the researchers themselves are fromattisanal miningommunities.
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4 Research Findings

4.1 Previous experiences in addressantisanal mining

As Si e r radisahamiaimgsetter has been dominated by diamomdsh of the pashitiatives

to addressartisanalmining has been focused artisanaldiamond miningSome of this attention has
been arguably driven by the fact that diamonds played important rolegcivithgar. Over the years,
both EPA and NMA haveeen working withminers, butbased on the interviews, these interventions
havemerelyfocused on legal aspects of miningth the aim toensuringthat artisanalminers are
complying with the lawHowever,attempts to addresstisanal miningn a comprehensive manner
taking into cosideration its importance adigelihood option as well as its sectgpecific technical
challengesare not known.

Neverthelessimportant steps have been taken recemtltrategicenvironmental assessment of the
ASGM sector in Sierra Leon@GSEA)Y® wasundertaken jointly by EPA and NMA, arttle final report
was published in December 20T8he objective of this assessment waadeess and evaluate likely
significant environmental and health effects as well as the economic implicatotisahal mining

on other viable sectord The reportdraws uporextensive consultations with the key stakeholders,
field research and has ber validated athe national level. As such, itsiportanceand relevance
must be stated and its role as an imporanitling black of the National Action Plan adopted.

26 (EPA & NMA, 2016)
27 (EPA & NMA, 2016) p.9
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4.2 Demographic, social and economic information

Figure7: Miners returning homafter a work day in Dalakuru

4.2.1 Main economic sectors

On a global level, Sierra Leone remail
among the worl do
ranking 179thout of 188 countries in
the Human Development Index i
2013. Decades of economic decline, L
years of armé conflict and the more
recent Bola crisis have had dramatii
consequences on the economy. Pove
remains widespread with more than ¢
per cenbf the population living on less
than $1.25 a day and unerapient
and iIIiteracy levels remain hig% This Figure8: Timber logging in Sella Limba chiefdom

is particularly so among youth, with approximatelypg® centhemunemployed or underemployéd

This remain an important challenge, especially when considering that Sierra Leone has a youthful
population, vith 63 per centof the population below the agé 25 years, and especially so in rural
areas which have limited infrastructure.

In the areas visited, agriculture and mining remain the main economic sewittrsagriculture,
forestry and fishing contriliing to 50.5per centof GDP and mining and quarrying contributing to

28 UNDP, 2016. Human Development Report 2016. Human Development for Everyone. URL:
http://hdr.undp.org/sites/default/files/THDR2016_EN_Overview Web.pdf

29 UNDP% web page of ®irra LeoneAccessed on 23/03/2018. URL
http://www.sl.undp.org/content/sierraleone/en/home/countryinfo/
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20.2per centof GDP in 2014The mining sector remainstheo st | mport ant sect ol
export3°In the North and NortWestern regions, agriculture is principally conduciad subsistence

basis, while some farmers sell their excess production locally. In these regions, farmgrprodirce

rice, but also corngassavagroundnutsand pepper. In the Eastern and Southern regions, farming is
equally principally conducted am subsistence basis, but besides this, there are also farmers growing
crops for commercial purposes, such as cacao and coffee. In terms of mining, diamond and gold are
the minerals mostly mined, while in recent years, many diamond miners have startefguidim
response to a decline in diamond deposits and rapid increase in the international gold price. This also
resonates with other studies recently conducted in the sector. However, in the Northern region, there
are also miners who have shifted fromidgim coltan mining c o mmonl y cdlolned o6 mnl &
Leone)as this mineral has recently been detected in several gold deposits in this region. Finally, a
transition from other livelihoods to timber logging has also been identifieddppndents in the field

study, which was also reflected in large piles of freshly cut trees that were observed by the researchers
aside the roadd-igure 11).

4.2.2 Earnings and cost of living

Most of the gold mining in Sierra Leone is alluvial in nature, amaders typically work six days a
week for the period of dry season (7 monti€asedon thedata collected during tHeeld visits, it is
estimated that aaverage miner earns approximate28000 (3.7 USD)a day?? This daily range
varies between aswaslLel10,000 (1.3 USDgarned by panners working in rivers, who are mostly
women, up td.e50,000 (6.7 USDa day, which is possible in wedtablished mining sites located in
gold-rich greenstone belt areas. It must be stated that even though someéaifytitests have been
deduced from the abowenentionedigures, it is highly likely that inmanycases they still need to pay
significant costsfor example transportation cogtshard rock mining siteganging betweehe 5,000
(0.7 USD)andLe15,000 (2 USDyepending on the distarjce

It is important to notice that while
some miners claim to continu Average Rainfall 2002015
working during the wet season, tF
conditions become very challengin
with filled-up andflooding rivers

which may be in close proximity tc
the mine sites Rairfall also

increases the cost of mining,
pumping water out of the pits is on

: _ 5 13 29 16
of the main costs ofartisanal
- A RN A S
mining. Therefore, most of the & & \éﬁ\ §®” &F \0@“ NN ®<§ &OQ;& @‘2’(& &3
. . - S
miners simply move away from ¥ & > v & Y&

mining into faming or timber
|Ogg|ng during the wet season. THFigure9: Average Rainfall 202915

S0UNDP, 2016

31 Miners are assumed to work from the middle of Octobéng¢amiddle of May. SeEigure9(Data:
http://sdwebx.worldbank.org/climateportal/index.cfm?page=country historical_climate&ThisCCodeaxctieSsed 12
April 2018.)

%2 This is a weighted average
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seasonality oértisanaimi ni ng i n Sierra Leone, as well as a
established in research literatdfe

Whereas thenotivesof miners to engage in gold mining alisaussed irchapterO in this document,

it is worthwhile to considethe daily earning o&rtisanalminersin comparisorto other economic
sectors and to the expected daily costs of living in rural Sierra Le@senfing there is a household
with two adults and four children (four unds children count as Q,where one adukarnsLe28,000
(3.8 USD) a day and another one15,000(2.0 USD) it canbe calculate that this hasehold is
havingLe9,214 (1.23USD) a day per unit**® While these modest earnings are not enough to raise
the household members frabsolute poverty® even this modest level of income maintained for the
period of dry season projedtss householgust beyond the national poverty dirf_el,866,128249
USD a year per unity’ as they wouldbe having as much a®1,956,500(261 USD)per unit. This
demonstrates thattisanal minindhascleaty potential of raising people from poverty in Sierra Leone,
especiallywhenconsideringhat the current techniques applied in mining are rudimefitang could

be relatively easily improved.

As the national poverty line defines the minimum what a person needs to have for food-foadnon
(shelter, clothes) needs, it is intdneg to see how much extra tl@gamplemining family might have

in a year. Ththeoretical calculation reveals that they would be able tolsei@5,000(14 USD)per
month, improving their resilience and giving means to send their children to saiased,| despite

the law providhg each Sierra Leonean a free primary education, in practice the lack of approved
schools and approved teachers mean that parents need to pay informal school feeprewanyat
levelin order to keep their children at school.

As these collected school fees are informal, it is difficult to say anything specific, but according to the
information collected the school fee for a primary school can be as higt?%68,000(33 USD)per

year and_e500,000(67 USD)for a secondary schb In comparison,uition fees in the University of

Makeni are betweehel,000,0004,000,000(133533 USD)per annum. In light of this, it is nat

surprise that one of the most often mentioned reason to engage in gold mining is to be able to pay the
schal fees. In the example, the family had1,260,000(168 USD)more than the bare minimum
needed at their disposal on a yearly bdsisanthusbe imagined thathe parentshould be able to

33 (Cartier & Biirge, 2011provides an excellent account on these aspects, also summarizing key findings of past research,
and is thus highly recommended reading.

34 According to the Sierra Leone Demographic and Health Survey, the average household size in Sierra Leone & 5.9 peopl
while 46 per cenbpf the population is under 1B5tatistics Sierra Leone, 2013)

35 Children are counted as 0.5 ag®atistics Sierra Leone/World Bank, 2018hd parents are assumed to work 6 days a
week. (((43000x6)/7)/4=9124Nhen assuming that children do not contribute economically to the household

3¢ International standard set by téorld Bank: 1.90 USD/gberson.

571t must be noted that the givéigure is "the total poverty line, defined as the line below which individuals cannot meet
their food andnonf ood mi ni mum n e e d extréme Pdvertg ling, delinedudthe §ne below which

i ndi v itodalifadd safd notiood consumption féd below the minimum food requiremenitgStatistics Sierra
Leone/World Bank, 2013)

According to the national poverty line, the bare minimum the household of 6 people would need is Le20,451/d. This is in
line with the researcfindings, where interviewed people estimated that a household needs between L-8605)000a

day.

38 See chaptet.8.
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afford primary education for all of their children atithtsome of them could even finish a secondary

school

In addition to that, the following table contains prices of some basic,igentisey were quoted during

the field researcin JanuaryFebruary 2018.

Tablel: Prices of some basic items

ltem
a cigarette
a meal (A portion of Cassavaeaves in Kumaru)

fuel
transporting a sack ofore (80kg) for a short distance (1km)

renting a small water pump typically used in mining
a shovel

Pricein Leoneans (Le)
Le250(0.03 USDJpiece
Le5,000
(0.7USD)Yportion
Le6,000(0.8 USDjlitre
Lel5,000(2 USD)

/one way

Le30,000(4 USD)day
Le45,00650,000
(6.0-6.7 USD)piece

mercury Le3,500 (0.5 USDgy
surface rent (Kunige Barinachiefdom) Le200,000

(26.7 USD})

0.5 hectargear
renting an excavator(fuel excluded) Le1,000,000

(133.3 USD)h
Le22,000,000
(2,900 USDjpiece

mill (A hammer mill needed for better gold recovery)

4.2.3 Population characteristics

Sierra Leone has a young dedile population, wheralmost half of the population is under 15 years
old.®® According to the Housing and Population Census conducted in 2015, Sierra Leone has a total
population of 7,092,113, which according to UN- is projected to double by the end of this
century?®*! According to the census, 59 per cent of the population liveral areasands7.9 percent

of the total households are engaged in agriculture. Agricutumguding forestry and fishing, crop
farming, and animal productionis the largest idustrial sector, employing 5942er centof the
employed population. Considering the abowentioned facts, itan beassumedhat almost all
households in rural areas are engaged in agriculture, Whieilgervice industrys presumably more
dominant inurban areas.

39 (Statistics Siam Leone, 2013)

40 2015 Housing and Population CensusFinal Results,https://www.statistics.sl/wgontent/uploads/2017/01/firal
results -2015_population_and_housing_census.pd€essed 29 March 2018.

41 hitps://esa.un.org/unpd/wpp/publications/files/key_findings_wpp_201,5apdéssed 29 Mein 2018
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4.2.3.1 Artisanal miningPopulation

According to this study, there are rougld9,000 workers engaged artisanal miningin Sierra
Leone*? As mining is exclusively conducted in rural areas, all gdrfacas on rural population still
hold when zoonmg into households engaged in gold mining. However, there are few interesting
characteristics worth pointing quivhile keeping in mind that these generalizatioranly apply to

the biggest group afiners, i.e.the manual labour forcg.

Artisanal minings often complemented by agriculture, strongly weaving it into the local ecotfomy.

This is only natural, as the most common mining typ#uvial mining- canrot be easily conducted

during the wet seasorArtisanal miningattracts mainly two specific groups of people: young
unemployed men, often dominating the more established mining sites, such as the ones visited by the
research team, amgingle women, engageth gold panning andvashing by the countless rivers.
Women are alsoften found at the end of the concentration cyaepveringthe gold from black

sands by panning.

Theartisanal miningoopulation is mobile. Shallow alluvial deposits can be exhaustexnths or in

few years. Word of mouth iguick, and young work force is swifb relocate in the hope of better
earnings. This is one of the key challenges in developing the sector towards more formal economy, as
cultivating methods and creating sustdile structures require time. Therefadisanal miningvas
described someti mes aThisisin liaenwatmtite fact that geoearatiytisdnala c t i
mining in Sierra Leone consist of countless smaller informal operations, and these assimgle
artisanal miningsite with formal organizational structuresch as cooperativas place.

While there are also those who prefer to stay put, the extreme migration of miners from Baomahun to
Kumaru is illustrativeThe research team wasle to visit Baomahun mining community in March
2017, when it was full of people and bustling. When the community was visited again in February
2018, it felt almost deserted, and it was told by the town chief that almost half of the populdtion ha
migrated to Kumaru. This influx of miners was clearly seen in Kumaru, as in only a year approximately
100 hectares of land had been clearedamnehtire miningcampwith hundreds of houses had been
constructed.

42 See chapter 4.3 for details

43 The artisanal miningsector hosts a variety of different stakeholders ranging from labourers to gang leader and gold
tradersas well as wider stakeholders that are indirectly involved in the sector. These acharthar analysd in chapter

4.6.

44 (Cartier & Burge, 2011)
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FigurelQ: Part of the rapidly constructed migjrcamp in Kumaru

4.2.4 Education

Extensive information has already been collected by Statistics Sierra de@ukicationit is known

that the literacy rate among populationyHarsor older is 51.4 per cenand lliteracy is likely to be
found in ruralareasas32.7 per centof the people aged 3 and above living in rural areas, have never
attended a school. These are important characteristics of the population of Sierfarichatieg the
artisanal miningoopulation, and must be taken into account wéteategies to develade artisanal
mining sector are considered.

There was a primary school in the vicinity of almostvadited mining communitiesThis impression

is supportedy the spatial analysis conducted using a dataset made available by UFsg\IR (4):4°

Thereis a total of 269 primary of junior secondary schools, within an average 3 km radius from the
demarcatedrtisanal miningctivity.*® Sometimeschildren had to travel to the neighbouring village,

as was the case in Kassasie village in Karene distutsdmetimes they even had a junior secondary
school in the village. When mining sites are far from habited areas, specific mining camps are
constructed. Such a camp, Yamfara 2, exists three kilometres from Dalakuru town, and it was told that
the childrenn Yamfara 2 were able to go to school in Dalakuru. In only one place, in a remote corner

45 As a part of their Steward program, USDAID conducted an analysis of education facilities in Sierra Leone, which is
available ahttps://data.humdata.arépparently, the dataset contains gaps in Karene and Bodib@icts, but it serves

the purpose to illustrate the fact that the school network is relatively extensive, at least when it comes to primany. educati
46 The method of algorithmically demarcatgtisanal miningctivities is explained in chaptar
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of |l ake Sonf on, the research team met a sett]l
education at all.

Basic literacy skills are needed in orderdevelop the mining sector in the future, but access to and
interaction with higher education institutes, such as Fourah Bay College, would also be desirable, in
order to drive the sector towards higher recovery and more environmentally sustainablg minin
methods. In some countries, such as Uganda, mining sector also employs formally educated people as
mine managers, but such interactavith higher education institutes was not encountered in Sierra
Leone.

ASGM and Access to Education

Number of primary or junior secondary schools: 2969

Average direct distance to primary or junior secondary school: 3km
Number of senior secondary schools: 185

Average direct distance to senior secondary school: 15km
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Figurell: artisanal miningactivities and locations of schools
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4.3 The size of thartisanal miningector

Figurel2: Abandoned pits around Laminaya in Newttest regiorof Sierra Leone

One of the geatest challenges in his studss to come up with quantitative estimates on mining
population and gold production, which are Keyures in understanding the sectdiherewas no
reliable information on the size of the population which could help omttapolatefindings on
communty-level to the entire population: It wa®t known how manliners there in Sierra Leone
areor where exactly are they workingjo overcome this problem, uique geospatial method was
developed for this study, as described in chapter

4.3.1 Legalizedirtisanal minin@ctors

The starting point for the analysis was to use the information received from*\MA&.79%g kilogram

of gold was officially exported from Sierra Leome2017* of valueLe37,859,317,369.28 (5,047 30

USD).*® Furthermore, it was told that 154tisanalgold mining licenses were issued in 2016, and 130 in
2017, meaning that in average there ha®il42 active licenses throughout the year in 281&s
according to the regulations, there cannot be more than 50 miners working under each license, it can be
concluded that officiallytherewereapproximately no more thanlb0 minergproducing no more than
127.79kg of gold in 2017 operating within a minimum area of 71 hecfarEsis is naturally not the

entire picture, but it can be stated that these are indidafives of thelegalizedportion of theartisanal

mining sectorin Sierra Leone, and thus worth noting.

47 Personal communication (RonkainBiMA, 28 February 2018)
482015: 98.10kg, 2016: 171.08kg
49 Conversion rate: 1USD=7,500 Le

50| icenses are valid for leqr and can be renewed up to three times for a period not exceeding one year.at a time
51 According to the Mines and Minerals Act 20@®tisanaimining licenses can be a maximum of katfhectare.
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4.3.2 The Big Picture
Annex 3 Provides detailed information about t

methods used to develop counivide gold
production andartisanal gold miningworkforce
estimatesin short,up-to-date satellitemagery was
combined with the spatial records received fr
NMA to extrapolate site level estimates into
countrylevel estimates of the size of tlagtisanal
mining sector The figure on the righhand side
illustrates the methodologyThe main results ra
presented ifable 2

It can be stated that in averag§8p hectares of land
is occupied by roughly 80,000 artisanal miners,
producing 2.9 tons of gold annually When using a
spot gold price of 42.7 USD/qg, tlexport value of
mined gold is approximately 125 million USD*? It Figur_e 12_: Spatial_ data records from NMA (_jemarked
.. . . algorithmically using a GIS softwafgcale: Diameter of a
is important to say that the estimation of workforce. cie is 80 meters.

on manual labourers, who are geat in mining sites

on a daily basis.

Table2: Summary of artisanal mining statistics in Sierra L&bne

Type Area Gold (24K) production Workforce Average daily earnings
(Le)
min max min max min max min max
Alluvialand = 596.6 1193.22 1770.14 3453.62 29027.00 57284.00 44804.11
hard-rock
artisanal
mining
By- 56.37 56.37 3910 3910
production
Panning n/a n/a 332.01 332.01 33168 33168 15000.00
and diving
Total 652.99 1249.59 2102.15 3785.62 66106 94362 25822.63 30817.45
(column) (weighted = (weighted
averageg averagg
Average 951.29 2943.89 80234 28320.04
(min/max)

It is interesting to compare the results with some known estimatastisanal miningpopulation.
Recent Strategic Environmental Assessment répanentions thaall illegal ASM operations might
employ between 100,000 and 300,000 individual miners, not making any difference between minerals

52 Spot gold price od1 February 2018

¥l't is important to note that thi ssmaisdlémitngdue o shaladk ofs p e c
data acquired.

54 (EPA & NMA, 2016)
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being minedA recentWorld Bank stud$P gives a range of 200,08800,000Miners. At the other end

of the spectrum, there is an academic estimate that there can be as many asadt8g0@aininers
producing as much as 3.5 tonnes of gold annd&owever, none of the mentioned reports previd

any further reasonindor their estimates, which isot surprising when considering the scope of these
studiesNamely theSEA document has a special emphasis on environmental impact, World Bank report
only lightly discusseSierra Leone and the academic article focuses on estimatingrgséhal mining
workforce in comparison with known gold productidn

While keeping in mind the limitations of these estimates, it is interestiogntextualize the figures
according toKimberley Process statisticg) 2017, Sierra Leone exportedugh diamonds worth
158,872,778.13JSD.>® This means is that even thouglamond mining might have donaited the
discourse orartisanalmining in Sierra Leona@lmost entirely the artisanal miningsectoris almost

equally important, at least when lookipgrely at the export value It is also interesting to compare
artisanal miningvith somedargescale miningresently occurring in Sierra Leame 2014 Sierra Rutile

Limited (now subsidiary of lluka), exported rutile worth 81 million USD, while at the same time
employing approximately 150Bierra Leonear® The estimated area occupieddstisanalold miners

(950 hectaresc an be further compared to that owhereSi err
theiropen pit mineslirectly occupy a total area afproximately 1200 hectareBigure 15.

55 (World Bank/COWI, 2016)

56 (Seccatore, Veiga, Origliasso, Marin, & Tomi, 2014)

5" However, the last study provides insight into one limitation of this study, i.e. its bias towards more established mining
locations. If indeed 437,000 workers were todarece as little as 3.5 tons of gold annually, that would mean that in average

a typical worker would produce as little as 0.04g a day, when working 26 days a month for the 7 months of the dry season.
As typically only half of the produced gold is sharedwssn workers that would literally mean that an average worker
would earn as little as 0.02g a day, gaining drdg000 a day. In our visitthe research teamever met anyone earning

that |l ittle, but that does n dsthightypassiblefthatthe eesearchramtitely meglectedo u |
large numbers of miners working outside of known established mining sites. Furthermore, it is highly possible that there
are a large number of miners, who actually work only a small period of tinmeggdhe year. This would explain the low

given average production rate. It is also possible that as mining has become more and more difficult due to the depleting
surface deposits, it has become more centralized and has already began its transfotmatitadigtale mining, which

typically occupies way less miners than purely-negchanizedrtisanalmining.

%8 https://www.kimberleyprocess.com/en/sieleane accessed 28 March 2018.

59 (Statistics Sierra Leone, 2015)
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The workings of Sierra Rutile near Imperri chiefdom
Licensed area (yellow shade): 29,400 hectares
Land area occupied: >1200 hectares

Figurel3: Sierra Rutile open pit workings néamrerrichiefdom
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4.4 Geographical distribution afrtisanal mining

4.4.1 Knownartisanal minindocations

Simply speaking, in Sierra Leorartisanal miningakes place either directly on the greenstonébelt
areas, where hard rock or alluffatleposits can be mined, or along the rivers flowing from the
greenstone belts, where mining is only alluvial. Whilestaf the time diamond and gold mining
doesndét occur at the same ti me, t {preductionafigad f e w
is happening along with alluvial diamond mining. The different mining styles are addressed in detail
in chapter.8. Figurel6illustrates the situatiof?

ARTISANAL AND SMALL-SCALE
GOLD MINING IN SIERRA LEONE

Greenstone belts, districts and artisanal and small-
scale gold mining locations

KAMBIA
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BORTHLOKO TONKOLLL:
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» Primary ASGM locations
* Artisanal gold panning and diving BONTHE

Byproduction of gold (diamond mining) = o %
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Figurel4: ASGMypes and locations in Sierra Leone

60 The main hosts of gold in Sierra Leone are the greenstone belts. These are mafic and ultramafic volcanic, intrusive and
associated volcanosedimentary rocks, metamorphosed to greenschist drotiteplacies. These facies contain green
minerals including amphiboles, chlorite, epidote and serpentine. The following greenstone belts are known to contain gold;
Gori Hills, Kambui Hills, Kangari Hills, Loko Hills, Nimini Hills and the Sula Mountains.

p]l ease note that the term 06al -ockwminiad, Dllowing the tbramirotogy asie d a s
(O6Nei || & .Tellhnee rmor2e0 1g7e)ner al term &6pl acer O ft-rockwdpaositspr ob a
are alluvial The term alluvial directly refers to water, and free gold particles can also be disseminated by wind and land
movemerntg.

62 The method of defining the locatiof@gorithmic demarcatiorfjas been explained in chapteriathodology and in

Annex 3
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From thefigure above it is already clear that out of 16 districts, Tonkolili is the hearrto$anal

mining in Sierra Leone. This is only natural, as the district hosts the largest proportion of greenstone
belt areas within its territory. Other promineatisanal miningdistricts are Koinadugu, Karene,
Kenema and Bo. Kono is known to be the most active diamond mining district in the country, but it
also has the single most actiggisanalgold ming®® and the unique occasions where gold mining
occurs along with diamond mirg. Zoominginto chiefdom leveljt can be observetthat most of the
artisanal miningperations are exactly in those chiefddotsatedon the greenstone belts.

ARTISANAL AND SMALL-SCALE
GOLD MINING IN SIERRA LEONE Tambakha Yobangie

ASGM locations in chiefdoms
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Figurel5: ASGM locations at chiefdom level

These findingsare fully in line with the field research findings. The same data can also be presented
in a table format

63 Kumaru (Komao)
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Table3: Artisanal miningoperations irselecteddistricts and chiefdoms

Chiefdom Alluvial or hard rock Panning or By-production District
artisanal mining operations* | diving
Tane 122 9 0 Tonkolili
Diang 81 3 0 Koinadugu
Kunike Barina 61 3 0 Tonkolili
Simiria 59 4 0 Tonkolili
Nimikoro 53 2 25 Kono
Kholifa Rowala 53 2 0 Tonkolili
Sambaya 42 2 0 Tonkolili
Sanda Loko 39 0 1 Karene
Sella Limba 31 3 0 Karene
Gbane 27 0 0 Kono
Kafe 23 1 0 Tonkolili
Valunia 20 2 0 Bo
Tambakha Yobangie 16 3 0 Bombali
Yele 11 4 0 Tonkolili

4.4.2 SmalScale Mining Locations
The scale o$mallscale mining was not knowmipr to the field research. It was only known that there

is a licensed smalicale mining company operating in Makonie, which was then included to the list of
visited communitiesHowever, it turned out that there are afdt six other smaficale mining
companies operating without a proper license and one installation was taking place near Baomahun.

64 The method of defining the locations (algorithmic demarcation) has been explained in chagéthaiology and in
Annex 3. Simply speaking,
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SMALL-SCALE GOLD MINING IN
SIERRA LEONE

Witnessed locations where small-scale mining with
heavy machines (excawators or dredges) was taking
place. The color indicate the status: Red (no license),

Yellow (not currently active), Green (licensed).

MAKONIE

.\AARU

YELB  @3AOMAHUN

Small-scale mining companies

® baomahun (1)
‘ kumaru (5)
(] makonie (1)
o yele (1)
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Map: Juha Ronkainen, Environment Protection Agency 2018
Data: National Minerais Agency

Figurel6: Smaliscale mining companies in Sierra Leone

4.4.3 IndustrialMining Locations

One of the interesting aspects of gold mining in Sierra Leone is the fact that despite years or decades
of exploration, there is not a single operating lasgale gold mining company. Therenig apparent
explanation for that, but apparently the primaepdsits of gold have not been found despite the efforts
done by various exploration compani@gereasartisanaiminers operate in the timescale of months,

and smalscale mining companies might exhaust their licensed land within yearsstaigemining
companies need a time horizon of a decade or more to cover the high infrastructural costs.

Currently there are two lareggealegold mining operations, whichre plannindo start their operations
in 2018: Kingho Investment Company (SL) Ltd hesntracted Dayu Mining, to mine their deposit in
Simiria Chiefdom in Tonkolili district. It is going to henderground mining, where they are targeting
the quartz vein hosting the gold. The exploration area is currently also miagtishpaiminers, who
will need to find another area for themselves once the oper&smnss. In Baomahun community in
Valunia chiefdom, Algom Resources Ltd have taken aygeviousy owned exploration license and
is in the process of applyirigr a mining licenséo operag¢ an open pit mine. The constructed open pit
would eventually erase the entire hill next to the community where there are currently few hundred
artisanalminers conducting underground gold mining. As lasgale mining companies seem to be
only interestedn primary deposits, which amoredifficult to exploit with artisanalmethods, it is
unlikely that there will be greatdand conflicts betweerartisanalminers and largscale mining
companies.
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The greater concern is caused by the factehaily accessible alluvial surface deposits tagd by
artisanaiminers areggraduallygetting exhaustedndeedmoreand moreartisanalmining is actuallyat
the depth osmallscale mining while still holding aartisanallicense becauseiners now neetb
regularly go beyond the taneter limit to reach the gold rich gravel zofteremains to be seen how
theartisanal miningsector wouldransformunder the currerlegal frameworkas already numerous
artisanalbperations cannot comply with the regidasand themotives to engage iartisanal mining
may increasen view of population growth ané lack ofreadily available.economically viable
alternative livelihoodsIn this contextthe research team has@bbservednultiple foreigrrun smak
scale operations operating without any license next t@attiganalminers, and at least one violent
outbreak haslreadybeen recordeds some of these companies operate dir@ctirtisanal mining
areaswhich caussconflict over landuse

ARTISANAL AND SMALL-SCALE
GOLD MINING IN SIERRA LEONE

©  KinghoInvestment
Company (SL) Ltd

SMALL-SCALE GOLD MINING:

-Makonie: Licensed small-scale gold mine
-Yele: Small-scale gold mining under an existing
exploration license

-Kumaru: Several small-scale gold mining
operations under one exploration license

District
Primary ASGM locations
* Artisanal gold panning and diving
By-production of gold (diamond mining)
Industrial Mining Licenses
Exploration
Exploration-Precious
Mining license
Small-scale mining license
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Figurel?: artisanal smaliscale and industrial mining in Sierra Leone
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4.5 Legal and regulatory status

The Mines and Minerals Act, 2009, and the National Minerals Agency Act, 2012, are the principal
legislative instruments regulating the Sierra Leone mining sector. The 2012 Act establishes the
National Minerals Agency (NMA) as the key institution resporsibl regulating the mining sector.

Its mandatencludes the promotion of the development of the minerals sector by:

i) effectively managing the administration and regulation of mineral rights and minerals
trading in Sierra Leone; and
i) providing technical ad other support to the mineral sector including geological survey

and data collection activities.

The 2009 Aadiganathe i ngs o fi @émining operatien® thahdo not exceed a depth

of ten meter&®® Furthermore, it stipulates thattisanal mining can be carried out by individuals; co
operatives, joint venture, partnerships or corporate bodies under the name of a Sierra Leonean persor
in possession of aartisanalmining license. Licenses are valid for 1 year and can be renewed up to
three times for a period not exceeding one year at a time but cannot be transferred to other individuals.
artisanaimining may be carried out in an area not larger than 0.5 hectare and not employing more than
50 mining workers(laborer$ per mining license. Moreover, if the license holder is not personally
supervising the mining openasi Manabhger drt sheup
operations. The Act al so stipul ates risamlr s 6
mining, this only includes the |icense hol der ¢
a minedout are.

ASmalklal e mi ni ongeythd Acasfithe intentiomal winning of minerals in mechanised
operations not exceeding twenty metres in depth or involving the sinking of shafts, driving of adits, or
other various underground opening$his activty should cover a land area between one hectare and

no more than 100 hectares. With regards to validity and transferability of licenses, the same conditions
of artisanalmining apply. Smaikcale miners are required to be organized iromeratives and
corporate bodies. Smadicale miners have many more obligations thdisanaiminers. Importantly,

in contrast toartisanalminers, smailkcale miners are required to obtain an environmental impact
assessment license in accordance with the 2008 Envirorininatzction Agency Act, prior to
applying for a smalkcale mining license. Moreover, under certain conditions in extraction,-small
scale miners are required to have and implement a community development agreement with the
primary host community.

In orde to obtain arartisanaland smaklscale mining license, applicants must first obtain consent in

the form of a certified agreement to use the land for mining purposes with the Chiefdom Mining
Allocation Committee. After this, applicants for artisanaimining license may apply for a license at

the regional and district offices of the NMA, and applicants for satalle mining licenses may apply

for a license at the Mining Cadastre Office in Freetown. The environmental impact assessment licenses
are issuedby EPA, at a cost prdefined by a fedog-scale taking into consideration various aspects
regarding mining techniques and surrounding environment.

55 As opposed to definitions adopt in international regulations such birthenata Convention on Mercury, this definition
of ASM does not explicitly refer to the scale of operation in terms of technology used
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4.6 Leadership and organizationatisanal miningt national and local levels
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Figurel8: A mininggang and one of the deepest open pits seen during the field research

e

Most of the people involved grtisanal miningre organized iwhat are locally referredtodsg an g s 6
small groups of 4.0 people, while others chose to work individually. Only a bpmation of the gangs

and individuals visited operated under an active license. In those cases where it was claimed that
someone was ia possessionf a license (whether it concerned an active or an expired license that
was planned to be renewed), themtner of miners typically exceeded the prescribed number of 50
labourers per license. Most license holders, community chiefs and paramount chiefs allow this because
060t hese peopl e need aretypically cangrunity |atiees, chiefdolmadesse h o
and businessmen, and they may also be the leader of mining gangs.

Gangs usually operate in one pit, although in some cases, a big gang splits the workers over two pits.
In an alluvial mine site, gangs typically includes Jpeople consisting ofesv e r a | 6di gger s
most of the gravel with shovels; washers who wash the ore in sluice boxes; a panner who pans the
concentrate; and one 6égang | eaderdé6, O6ébossd or
work, and in other cases, heahe only supervises the work and motivates and supports the workers.
Thegangl eader may al so appoint one of the | abou
overseeing the work in the gahge a dabsen@eAs such, there is substantial socialkility in the

artisanal miningsector becausabourers can get positions suchadt eam | eader 6 and
experience and accumulating capital they may start their own mining gang or become a (typically
unlicensed) gold trader. In a hard rock mgiie, gangs are usually bigger as this type of mining is
harder and also includes the tasks of crushing the ore and transporting it from deep in the pits to the
surface.

Within a gang, labourers often work on a rotational basis so that diggers startgnasd viceversa,

or that one person takes a break and another
case in the hard rock mines visited, where the work is physically more demanding than in alluvial
mines, but where labourers mayate so that the gang can waken24 hoursper day, 6 days in a
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week® However, there is a clear separation in sex. Whereas the digging work is exclusively done by
men as this work is typically very demanding, panning is typically (but not always) done by women
who are traditionall y vi e weudofwamsnendwhemisimoregftee x p e
on an individuébasis, is discussed in Chapfet 1 The washing activities are carried out by both men

and women.

The gangs usually established by the gang leader who gathers labourers to work for him or her, or by
an external Osupporterd who supports the gang
supporter motivate people to work for them by offering food,iarsome cases cigéates and alcohol.

The supporters are in most cases unlicensed gold traders, in some casgsatha@mining license

owners, in some cases the gang leaders, and in other cases local or external businessmen. The role
supporters igurther discussed under the nekiapteron gold tradéChapted.7).

Gangs operating in the same area coordinate t
pump breaks down, they magrrowfrom another gang, and gangsly come together sometimes to
discuss collective concerns, often with the involvement of the community chief and/or license holder
(which may soratimes be the same person). lakpal a, there is a miners
purpose is to advocate for miners' rights (e.g. obtaining a license). The association has a mining
chairman and holds periodic meetings.

4.6.1 Benefit sharing
I n terms of benefit sharing, pencersbtf ¢ ahneg s wnaninntn

the labourers, and 5fer centis for the gang leader. The winnings in this case may refer to both the
recovered gold, as well as to the cash received for the sold gold. In the former case, thedng
then usual l y b upgrcentolsetit (dsdubherudiseissed @hafeM.7). The gang
leader uses his/hexinnings to recover several costs, which typically include food for the gang
labourers (typically Le5,000/ddgboure}, shovels, renting or buying costs #water pump and its
fuel (in alluvial settings), and occasally buying medicines for gang labourers who are.$€kThe
remaining 5(oer cenis then shared equally among the labourers.

Beyond the distribution of benefits within gangs, theresaxgeral payments made to different types

of authorities. Miners who operate under a mining license, usually have to pay a percentage to the
license owner. The effective payment of this usually only occurs for workers at mine pits which are
particularly praluctive, and typically concern about-30 per centof the winnings (depending on
production). The license holder on his turn, pays a license fee of Le1,750,000 which is distributed over
the landowner, the chiefdom administration and the paramount®iBekides this, according to
national lawsartisanal minindicense holder should pay yearly taxes and royalties, but this is not

56 Most of the miners rested either on Friday or on Sunday depending on their religion. Working around the clock was only
seen in hard rock mining sites, and most of the mining activity was carried out between 9AM and 6PM.

7 In one case, it was reported that these costs were subtracted from the total before splitting the winnings 50/50 between
the gang leader and the worker

58 n primary gold deposits this may also include costs for crushing the ore, as was the case in Masumbirie where a hammer
mill was being rented by a private owner, which crushed one bag of dre6@000 (and in this case the gang leader took

60 per cant of the winnings)

59 This included.e100,000 for the surface rent
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enforced in practic& Finally, there have also been reports of additional payments being made to other
authorities, including widespread bribes that are paid to M@storing Officers, in particular by
artisanaiminers that do not operate under a license. In addition, tiere been occasional reports of
payments made to other authorities, such™as t|

4.6.2 Organization and benefit sharingkmmaru
In comparison with the majority aftisanal minin@reas visitedKumaruis a special case which differ

significantly inorganization antenefit sharingndis therefore discussed here agpely. Kumaruis

a mining community in Nimikoro chiefdom, Kono district, and was by far the largest and most active
gold mining community irSierra Leone at the time of research. The community catair mining

sites and hostda few thousands of miners who live in three mining camps. Due to a decline in near
surface gold deposits and restricted access to richer deposganalminers there wereemploying
excavators and crushers to tap into deeper gold deposits, anevéheysing mercury to form
amal gams with the 6floating gol dé, gol d parti
recovered from the tailings. In thisear,artisanal miningactivity dd not take place under a license
becausehe miningfalls under an exploration concession owned by a company named Hpiahi
Mining. At the time of research, semallscale miningcompanies of Chinese origin were extracting
gol d i n some of t hewitautgpanissionrunderhhe same exmoraton lccengeo s i

Intheartisanalmining i t es f all i ng under t lwerestlallopedbyiodals ¢ o1
authorities to extract gold, but only on the condition of paying a contribution to the mining commander
of the chiefdom. I n 6New Sitebo, a mininegl site
under the exploration concession, miners of 14 mgipits were forced by chiefdom authorities to quit

their mining activities until they paid a sum of Le3,000,0@@0 USD)per mining pit. In other sites

in Kumary which did not fall under the exploration concession, miners were demanded to pay a
percentge of their production (in gravel) to the chiefdom authorities, which was in the most extreme
case as much as ger cent

In theonly hard rock mimg site inKumary gangs consistlof 10-15 labourers due to the heavy work

and variety of tasks involve@nd some of them includenore than ongang leaderWinnings were

shared in ratios of 80/20 and 62.5/37.5 between the gang leader and the gang labourers, a significan
deviation from the 50/50 distribution which is typically maintained in of@ft rack) artisanal mining
sites. The all eged purpose for the gang | eade
costs involved in gold production in this area, because in adddidmuyingfood for labourers, it

usually involvel paying for therenting andfuelling of excavators, for the transport between the
extraction sites on the hill and the processing sites down the hill, and in some cases also for the use of
the crushing machines.

To close this sughapter it should be cautioned thatetlprecarious situation @rtisanalminers in
Kumarurequires dire attention, both from a social, economic, health and environmental perspective.

70 According to the 2017 Finance Aatftisanal minindicense holders should pay an annual tax of Le150,000 to the
National Revenue Authority, arfive per centof yearly production as Royalty according to the 2009 Mines and Minerals
Regulations.

" This water rate, as well as other unofficial payments &tacnary authorities, was also reportedtiunter & Smith,
2017)
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In this context, it is important to consider that many ofatisanaiminers activethereconcern youths

that are excombatants from the civil war who generadligjoy low levels of education and a virtual

|l ack of directly accessible and economically
observations among these youths, it is believed that a continued marginalization crtisasal
miners may result in violent clashes between them and local authorities and/or gold extracting
companies.
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4.7 Gold Trade

The majority of the gold produced in Sierra Leone is
smuggled to Guinea, and another large part to Liberia. As
stated inchapter4.3.1, only a small fraction of the gold
produced is exported through official channels to these
and other countries. The diverse legal and illegal trade
routes and actors involved can be best tsided by
consi der i ng aSsamalrminmg/alue chaine 6 s
Si er r a aftisamainnginingvalue chain contains a
diversity of actors which may or may not be present and
may take different roles in different situations. Tigeire
below attempts tallustrate the diverse actors that are
typically directly involved inartisanal miningoroduction

and trade at the national level, and also contains the
principal actors that are typically involved at the
international level.

Figure 18: Traditionaksle used by gold traders As has been discussed in the previchepter at the level

of the mine pit, gold may be sold both by gang labourers, individual workers, gang leaders and in some

cases, by license owners. These actors then typically sell theogokimall, unlicensed tradehois

usually the agent of a biggeader andgells the gold to this big trader. The small traders may be based

in towns close to the mine site or in towns in the same district. In some cases, in particular when it is

the gang leader or license holder who sells at the mine pit level, the gold realg leom the mine

pit directly to a big trader. In most cases, this big trader concerns an unlicensed trader based in one of
the countryds regional and di sotKoiducdrin theaqapitalal s ,

Freetown. In some cases, iaynconcern a licensed gold dealer who is typically based in Hzose

cities. In yet other cases, the small trader may be the agent of a regional buyer and smuggle the gold
over the border to neighbouring Guinea or Liberia to sell to his boss. Simttelgmall, unlicensed

trader may sell directly to licensed exporters.

43



The big trader (referred to | ocabd)ytwpi dalel yo
options: he/she may smuggle the gold to neighbouring Guinea or Liberia (this option is most common),
he/she may sell to domestic licensed exporters, and he/she may sell to domestic goldsmiths. Licensec
exporters may then sell to erhational buyers based overseas, or to regional buyers in West Africa.
The goldsmiths usually sell directly to consumers, who may be domestic buyers, or regional or
international buyers who come to Sierra Leone to buy the gold products. Goldsmithslaeid/Alue

by melting the gold to make jewellery, including wedding rings, earrings, bracelets and necklaces. In
general, there are not so many goldsmiths in Sierra Leone, and the few can be found in regional capitals
or in Freetown.

Mine pit
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4.7.1 Organization of tragks and trade relations
Most of the traders, both licensed and unlicensed, are not organized in formal organizations, but rather

work together with theifamily and close friends who may serve as buying agents for them. In rare
cases, traders are more formally organized. For example, there is a small association of gold traders in
Makeni, but it only consists of ostetsahdageats. fhe d
Kumaru t he unlicensed traders (| oc ahasspciatioe fTrer r e d
local traders who are basedkmmaruare obliged to become a member of this association by paying

a membership fee for which thegceive a membership card in return. The association includes a
chairman, a secretary and a treasurer, and 17 members. The association was established with the
purpose to pool resources of local traders to pay contributions to chiefdom authorities, and the
association further determines local prices for trading gold.

While according to data aV'athetesholldbe a6 licehsdtiAgols o 1
deal ers and 9 |icensed gold deal er so adigeeand s, |
the research team has only managed to meet with a few of them. This experience has equally been

2GoSL Online Repository. Accessed on 25/3/201RL: https://sierraleone.revenuedev.org/dashthoa
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documented elsewheflt is also difficult to identify unlicensed traders, because they do not have a
formal organization, may have different rokasd typically keep a low profile. For example, it was
found that most of the unlicensed gold traders are involved in different types of businesses and that
many of them buy gold from small shops where household products such as toothpaste and soap are
sold. Indeed, many unlicensed traders who smuggle gold to Guinea, use the dollars they receive in turn
for the gold to buy other merchandize and sell this in Sierra Leone. This information can provide
another way to identify potential gold smugglers. Inadditn , t rader s may O0str ad
and informality. For example, there may be licensed gold dealers, goldsmiths and exporters who trade
according to the channels prescribed by law, and keep accurate track of these activities, but who also
tradein informal channels and do not report these activities.

Although the gold buyers do not seem very organized from a formal point of view, they still maintain
certain principles which provide some type of order to their business. The trade routes ahdsen
investments made are largely determined by principles of trust and loyalty in social relationships
between actors within and outside the country, as well as kinship and family ties. For example, most
traders only sell to Guinea when they have gooddiseor business partners there. Moreover, as has
been reported elsewhere, it has been observed that Fulani typically work for Fulani and Mandingos
typically work for Mandingog* Furthermore, gold buyers may establish relationships with miners by
giving them food, drinks, clothes and shovels as presevttich is often considered to be necessary in
order to keep up with the competition.

In addition to this, as has already been mentioned, gold buyers, including goldsmiths, often invest in
mining gangs, whie may take the form of financial loans which are typically betwsento three

million Leonesand material loans in the form of shovels, water pumps or crush8tgh investments

may be loaned directly to the gang leader, or indirectly through smedgers who work on a
commission basis and subsequently invest it in diverse mining gangs. Gold buyers typically pre
finance mining gangs by giving intereste loans under the agreement that the beneficiaries have to
sell back to the supporter, while letcase of external supporters who do not buy gold, there is usually

an interest rate. As small traders and miners often depend on this support and loyalty is considered to
be very important, they generally stay faithful to their buyers by selling exelysio them. To
illustrate this with an example, an unlicensed tragdiko was interviewed by the researchers, had
decided to stay ilBaomahurto buy gold rather than moving umary as opposed to many other
traders fronmBaomahurwho had moved there beasauthe gold production had risen dramaticdilye
reason for this was that his O0bossd (a big tre
to buy gold fromBaomahurand because he does not know people personaflyrimaru

4.7.2 Price distribution
An example of the price distribution in the value chain is given below, which illustrates two different
trade routes between misies in Dalakuru, Koinadugu chiefdom, and @anThe prices listed under

73 (Hunter & Smith, 2017)

74 (Hunter & Smith, 2017)

> The lowest and highest investments in artisanal mining production reported cae@&®000 and Le20.000.000
respectively
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the actors reflect how much the respective actors receive for the gold, both in ta@fésind the
equivalent of USD/gram. It must further be noted that the prices listed here concern the prices that are
paid for theimpurified gold, and that they are higher than in other parts of the country because the
gold from Dalakuru is high in purity.In this example, a gang leader buys the gold from his gang and
sells it to the local unlicensed trader who supports his group. Theuldgznsed trader then usually

takes the gold to Guinea himself to sell to buyers he knows in Guinea. In other situations, he may sell
the gold to traders in the local market of Badala in Koinadugu chiefdom, from which it is transported
and smuggled intGuinea.

Gang labourers | ., © Gangleader —p Unlicensedtrader 3, g, 0r i Guinea

Dalakuru Dalakuru Dalakuru
Le53,000/k Le55.000/k Le58-60,000/k Orkriowe
($34,87/g) ($36,18/g) (538.16-39.47/g)
Unlicensed
traders in Badala

Le60,000/k
($39.47/g)

Figurel9: An example of price distribution for gold originating from Dalak(lflwstration: Jorden De Haamd Fernanda Musskopf

What is remarkable in this example, and what was also observed in the gold price distributions
investigated in other parts of the country, is that a deader cargetas much as $3@3/gram, or
89.19per centof the world market price, and that the smuggler gaetras much as $485/gram, or
97.31per centof the world market price (these priceamvie now both been adjusted for the purity of
gold).”® In other cases, it has been reported that gold has at times been sold for rates above the world
market price’® This finding raises some red flags. When buyers are willing to pay more than the formal
market rate for gold, it is an indication that gold has more value out of the fgahedchain than in

it. This could mean that, as was mentioned by several respondents, gold may be used for money
laundering, and potential other illicit and criminal actesti Notwithstanding this concern, it is also
worth noting that in many places in Sierra Leone, gold is used as a currency which can be directly used
to pay for goods and services. Besides this, its capability to earn a foreign currency such as the US
dollar, which is more accessible in international trade and less volatile than the local currency (Leone).
But this can only partly explain the high prices paid for gold in Sierra Leone.

4.7.3 Challenges in curbing gold smuggling
There are numerous challengesunaing gold smuggling, which mostly relate to the lack of incentives

and an enabling environment to trade gold through official chanDaks.aspect to keep in mind in
gold trade is that the density of gold reakt transportable: One cubic centimetrew®pgold is worth
nearly $1000From an economic point of view, smuggling of gold is attractive for gold traders because

"6The influence of diamond mining can be seen in the usage of weigharatitvhich is typically used to weight diamonds
(1 carat=0.29).

""The purity of gold from Dalakuru has been reported to be as high as 22.8 karat, i.e. 95 per cent.

8 Compared against the spot gold price of $42,70 on 11 February 2018.

7 Several interviews in this study as well(einter & Smith, 2017)
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it enables them to avoid taxes and related administrative processes. This point is especially important
in Sierra Leone, where threeper centexport duty is levied as prescribed in the 2009 Mines and
MineralsAct, while in Guinea, the rates have been sehatpercenfor gold® Such a context further
creates high levels of competition for buyers selling through formal channelssbexther traders

may offer more attractive prices totisanalminers. In addition to this, gold smuggling becomes
especially attractive in Sierra Leone because as indicated by respondents, the numerous borders ar
porous and monitoring capacity and infrastructure in the regional NMA offices and at Customs is low.

In addtion to this, regulations concerning gold trade are rarely enforced. All of the regional NMA
offices visited lackd capacity, in particular in terms of vehicles, hummasourcegstaff), technical
expertise, in particular about tlagtisanal miningsector and other resources. In additidoy, mid-
February, one of the regional NMA offices visited had distributedh i s recaph vodks among
licensed dealers to track their sales, and likewise, none of the traders interviewed possessed receip
books. Thisnakes it more difficult, if not impossible, for these offices and in particular the MMOs to
monitor gold sales. Another obstacle to curbing smuggling relates to the ease with which MMOs and
customs officials can be bribed, which also relates to theildegls of education and low salaries. As

one of the respondents put it:

These guys, the MMOs... they earn,800-400,000Leoneanger month. Now just imagine
that you are an MMO and yaee the miners who are gettiagot of money without having a
license, what do you do?

Or as one respondent from a regional NMA office (which had cracks in the roof) answered, after being
asked about their capacity to monitor gold trade:

Just look at the office. Look at me! Just look at our salaries... and now yome&aotmonitor
a rich man who is embarked on a very large scale of mining activities with precious minerals.
What do you expect [me to do]?

When considering such conditions, it becomes more understandable that officers take bribes for
turning a blind eyea gold smuggling. Finally, further challenges to curbing smuggling relate to wider
(dis)incentives foartisanaiminers, traders and exporters to formalize, which includes also their access
to financial, administrative and technical assistance. In paaticatcess to finance is important to
consider, because as thisaptethas demonstrated, tlaetisanal miningector currently relies mainly

on financial support from informal actors, which have little interest in formalizing the sector. These
aspects arturther elaborated inhapter4.15

80 (KPMG Global Mining Institute, 2014)
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4.8 Mining and processing information

Figure20: Hard rock shafts following gold mineralization in Maranda

Irrespective of the scale of operation, the production of gold followsaheprocessfirst the gold
hosting rock materlamust be extracted, then depending on the type of ore, it might be crushed or
milled before concentrationConcentration is done by gravity, as the gold is a dense material
(19.32g/cm) compared to quartmineral (2.65g/crfl, which is typically associated with goléf
different methods of gravity concentration (sluicing, panning, floatation) are noeetfenough
chemicals (e.g. mercury, cyanide) can be usemicury amalgamation has beemplaced in industrial
operations long agas more efficient methods has béamnd.However, despite its toxicity, mercury
continues to b@opular among@rtisanalminers becausk is a reliable and easy to use, compared to
other methods.

Whether something is calleattisanal smallscale or largescale is a matter afultureand natioal
legislation. Extraction and processing styles used, scale of operation and capital available, are among
the aspects taken into consideration when the nature oftimmesand the license typare defined.

The following matrixillustrates thekey defining factors of different mining stylesSmerra Leone.

Table4: Basic characteristics of different mining types in Sierra Leone

artisanalmining Smaliscale mining Largescale mining
Applicant Citizen of Sierreeone = Corporation or caperative n/a
having aminimum of twenty
five per centof its shares
held by citizens of Sierra Leol

Licenserea area<0.5hectare 1 hectare< area <100 hectar¢ n/a
Duration <1 year <3 years <25 years
Environmental Impact Not needed Needed Needed
Assessment
Labourrestriction <50/license n/a n/a
Extraction depth<10meters depth<20 meters, n/a

No heavy machines,

No underground

mining
Processing No heavy machines | n/a n/a
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In this chapter, each stepeded to liberate gold are discussed highlighting the different characteristics
of different mining styles. Mining styles are classified as folfdws
1 Alluvial mining (AM & AMGB),
Hardrock mining (HR & HRGB),
Panning and diving in rivers
By-production of gold
Smallscale mining

= =4 4 A

4.8.1 Extractioff?
Hard rock mining refers to mining where gold is sti3%
associated with a host rock, and it is not yet liberals
by weathering or erosiordard rock mining is not
typical amongartisanalminers in Sierra Leone, but i
makes sense to understand where the gold origi
from. Typically, gold particles are associated wif
quartz veins, with a possibility of other minerals, s
as sulphidesln Sierra Leone hard rock mining wa
only encountered iDalakuru,Kumaru, Masumbirie, |;
Maranda, Baomahun and Makong.

Hard rock mining in Sierra Leone, occurs in thr
different formatsMiners might beargeting fresh ok
rock (Kumaru, Masumbirle deeply weathered
bedrock Maranda,Baomahun)r miners are simply
collecting weathered pieces of rocks known to con P
gold (Dalakuru,Makong). Less the rocks have bed

exposed to weathering, the more likélys that there

. ) . L Figure21: Mining of fresh in in K
is still gold available in greater quantities. Most of t 962+ Mining ot fresh quartz vein in Kumaru

exposed bedrock in Sierra Leone is deeply weatheand to gethe fresh norweathered material
minersmustdig deep, asvas demonstrated in KumaandMasumbirie.

As quartz is one of the hardest mine/&# is understandable that mining fregiiartz vein ishighly

laborious forartisanaminerswith their rudimentary tools, buhithe hope of greater recovery there is
always those who are willing to engage into taisorious work In Sierra Leone extraction of hard
rockwasdone using a hammer and wedge either in an open pit (Kugraruparrow tunnels (shafts)

when the lingering quartz vein is followgdMasumbirie, MarandaBaomahuh No pneumatic
machinessuch a jack hammerayere seen to be used in hard rock minifige process of extraon

becomes easier as the host rock gets more weathered, as it is in Baomahun, but at the same time thi
means that erosion habeadydisseminated some of the gold originglhgsent in the ore.

81 These are actually the same as introducexhapterd.3

82 For detailed geological account of the locations visited, please see the attachedwaentrgological report by Dr.
Kelvin Anderson, who was one of the members of the field research team.

837/10 in the Mohs scale of mineral hardness
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Figure22: Alluvial open plt m|n|ng in Kampala

Alluvial open pit mining is arguably the most wide
spread mining style in Sierra Leone. These min
target alluvial gold deposits, whegsld - originally

hosted by hard rockshas been disseminated by erosi
processes, and where heavy gold pasidhae been
eventually depositecby gravitation. This kind of
deposits can be typically dod at the bottom of hills
and by rivergancient or active).

Alluvial deposits allow many creative methods t
extract the ore: Open pits were the most widely s
method, but the research team also witnessed nai S N7
vertical shafts calleddMalian pitd o r 6da "

supported by tree branches, reaching below 10 me* " )

in depth. Rods werused to support the loose mater / -

and were told to have prevented many miners fri%‘*‘; ~r

being killed by coll@sing shafts: The branchieslicate a_ ‘“‘*a_m- 8
beforehand if the shaft is about to collapse allowing [ opic . Ve descending into a Malian pi in
miner to come un time.

In Sierra Leone, the goldch zone typically occurgistabove the bedrock and miners might need to
dig more than 10 meters in order to reach the gold rich gravel. However, if nexhaisted, the
shallower layers also contain gold particles arelvorth mining. Unfortunatelythose shallow zones
seem to bgradually exhaustingn Sierra Leone, as alluvial gold mining has been going on for nearly
a centuryMost of the timeminersweresimply using shovels to extract soft soil material. This is time
consuming and in some casessnof the time ca. 75 per cent is used for excavating the already
depleted surfacesingle women panning gold by the rivers and streams are a specifiof cdiseial
mining, where they either directly pahetloose river bed material, athenworking close to the
existing minesaregiven tailings to operate with.
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S ;
Figure24: Alluvial smakscale mining in MakonFor scale note the excavator in the gﬂtgdnt of\theflgure
All smdl-scalemining companiegncounteredh Sierra Leonavere engaged in alluvial miningut
only oneof them whichwasbasedn Makoni, was known to operatgth a proper smalécale mining
license(Figure28). The dredge operating in tA@yei (Teye)river near Yelevasa specific case of
alluvial mining, where loose river bedasexcavated using éhain of bucketss can be seen figure
29. The dredge operad under an exploration licenskut it seemedo be in full mining operation
based on the observations and interviews maslall the other smakcale operations, the dredgas
operated by Chinesé The alleged mercuryse,and the general environmental impact of the dredge
are addressed in thespective chapters.

84 The exploration license hold& & S Ventures Ltd. is a Sierra Leonean company, and the dredge manager is Sierra
Leonean. However, the dredge is not allowed to be in operation without the presence of the Chinese staff, as told by the
local crew members.

51



4.8.1.1 The use of excavators

Practically all smalscale mining operations
excluding the dredge, were using excavators ¢
they were also withessed to operataitisanal
mines in Masumbirie and KumarGonsidering
the gradualdepletion of surface deposits, the
use is understandable and can be asdume
increase: [Bpending a the type of soll,
excavator can move up to 350nm an hour §
whereas a human can only reachate of 0.3rh Artisanal Small-scale Large-scale
in an hour® In other words, when working for arigure26: Mining type- simple comparison

full day of 10 hours, a group of 5 brisk men or

women can excavate approximately £5Mvenif rening an excavator costsel,000,000/h, it is
actually cheaper optiaimanpayingLe20,000 a day foartisanaiminers. In the other handxcavators
are only available, if there Iscal demand and capital, only made possible ifahea is rich enough
in gold.

Mining type - simple comparison

High

8 Excavator productivity: (Felix Ng, 2016) For estimations on manual productivity, see discussion at:
http://www.contractortalk.com/f62/harekcavationproductivity-108557/ accessed 1 April 2018.
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Use ofexcavatorslsoillustratesa dilemmafacingartisanal miningsectorin Sierra Leone in theear

future Their usage wouldlefinitely increase productivity inlvial mining, buton the other hand,

the more mechanized the mining becomes the less people the sector can employ. As surface gold
depositsare gradually depletg in many areas, this is the key questions which needs to be adswere

by the decision makers: How toansform theartisanal miningsector fromartisanaloperations to
smallscale opmationsi thus allowing the use of heavy machin@sthout alienating tens of thousands
manual workers currently engagedantisanaimining?

4.8.2 Processing

4.8.2.1 Crushing

In hard rock mining,d liberate the gold, it must be firs
mechanicallyfreed from the hostrock. This is done by
crushing and milling. Crushing is needed to break larc

pieces of rock into smaller, atite output ofilling is sand
or powder like ore material suitable fogravity |

recovery of gold. In alluvial mining,the gold is largely i
already liberated by erosion takiptace over millions of
years. As gold occurs inde form or associated wit
already small particles, crushimg not needed in alluvia
mining.

e TP
\l~ o -
s
o - o pi‘f;tff|;‘
Figure27 Manual crushing. Note that the persor
currently testing a geological hammer from
research team, and his typical tool can be seen o

ground.
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4.8.2.2 Milling

. RO S S

Figure8: Typical Guineamade hammer mill with an integrated sluice in the hills near Maranda

Crushing typically does not yet liberate gold, andosel
treatment is needed, when gold is either milled with a mill
broken down into sands by mortars. Both methods can
witnessed in Sierra Leondor highergold recovery, the
process of milling isarguablythe most crucialln order for
gravity concentration to workroperly, grain size of milled
sand should be @ similar size as the size of gold particles:
the sand is too coarse or too fine, gold pasieldl getlost®
In hard rock mining in Sierra LeonejechanicalGuinearn
made hammer mills were seen in Kumaru, Masumbirie
Maranda. In rest of the places (Dalakuru, Baomahun), ore
milled manually.

In alluvial mining, mostof the gold occursn a free form in |
nugges, flakes or gold sands, where some gold can|
recoveed without milling. However, introducing millings
would increase recovery rate even in alluvial minemthose ™ B :

. . . . . . Figure29: Manual 'milling' in Baomahun with
deposits might still contain neiberated gold particles aice wube attached into a stick.
stated by Marcello Veig¥.In alluvial mining in Sierra Leone,
milling is only seerin Kumaru, where practically all extracted material goes through hammer mills.
Better liberatiorexplainswhy in Kumary same ore materia@lan beprocesseaven three times'he
treatment of highly weathered rock in Baomalitih sticks with steel tubeg-igure), could also be
called milling, as the outcome of such treatment is relativelydiiaan sand.

8 1t must be noted, that typicaltisanalminer should be happy if he or she can reach a recovery ratepef @nt and
typically most of the gold is washed awéyeiga M. M., 2006)
87 (Veiga M. M., 2006) p. 11
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4.8.2.3 Concentration

T RIS

» ‘. .
£ vy » Vg Lol

Figure30: Miners sluicingtoo coarsematerial) in Maranda

After the ore has been liberated by crushing, milling or pu
erosive processesgold can be recovered using gravif®.
concentrationmethods such apanning, sluicingor both in
combination. Only sluice boxes apdns were reeded tobe
used in Sierra Leone, and thoaee also globally the mos
typical concentratiomethodsused byartisanalminers.There
are various designs available for a sluice box, but §
fundamental principle is the sanféne sandsre washed along e &
the slopedwide gutter, which floor is covered bgugged
material(carpets)to capture heavy gold particles, while lighte
gangue materigletswashed away.

There are multipléundamental aspects to consideorder the
gainahigh recovery rate: The water flow should be steady
the velocity of water adapted to the unique particle sizplof
present in the host ar¥elocity can be adapted by controllin
the waterinput rate oiby adjusting thenclination or width of §
the sluice. There is no standard solution for this, and thereFigure3l: A simple sieve made out of gas «
in order to increase recovery rate, tharticle size must pe, oPtonally used in Baomeah to produce

fine sands more suitable for gravity
studied carefully. concentration.

Washing the carpetshouldbe doneoften enough, as once tharpet is filled, no more gold can be
captured by it. Washing the carpet is done in head pans or plastic contatmenes gold and other
heavy mineralgaptured by the carpet, are rinsed ifftois slurry is further concentrated by panning
oftendoneby women, who always use slesrfacednetalheadpans for this purpos& They simply

88 n principle, a gold pan should not be slekfaced.
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pan untilthe moment thegold isvisible to a naked
eye. At that morant,they typicallystop the work and
collect the concentrate containing traces of bl
sand&’ and the visible gold particles.

This remaining portio is further concentrated b
gently blowingthe lighter mineral traces of blac
sands awayor by using a magnet acompanying
black sands typally contain magnetic mineral
After thisthe gold is sold to gold buye?$

4.8.2.4 Mercury use
Concentration with pannings the momentwhen
mercurywas added in two places in Sierra Leon
Both in Kumaru and in Baomahun, miners arFigure32: Final concentration using a magnet

mercury to thggancontainingsandlike ore concentrat@’hey do this because they do not believe gold

can berecovered otherwise, or because they believe the recovery would be lower if mercury were not
used. Both of these belgemight well be true, due to the rudimentary and arbitrary conciemtra
methods applied As toxic as mercury is, it is undeniable ftwit it is also very effective at capturing

gold in typicalartisanal miningsite conditions?

A portion of mercury is added to the pan containiggg=sz
few kilograms of concentrate(Figure ). This g&a™ ~

panning phase lasts approximately minutes,
which is actuallyquite ideal time to bring mercur
into good contact with gold. In the very last stag:
mercury is rubbed against thenraining ore to
enable the maximum contact with gold particle
After this, the liquid mercury now containing the
small gold particles is poured on a piece of clotl
and excess mercury is squeezed avagufe).

Finally, the produced silveroloured mercurygold
amalgam ball is burnedgheated up)on fire to
vaporize the remaining mercury. Remaining gold
typically referred

‘
w b
as Figure33: Panning with mercury in a pond of water in Kume

o it

86 Bl a c kis stgpical ghdse in panning, when only dense minesatsh as ilmenite (titanium oxide) and maiipee
(iron ore)are left along with gold

% The gold available in gold shops in Freetown also appeared in a sand or {ike/ftem, giving further evidence that
mercury amalgamation is not typically used in Sierra Leone.
91To understand the reason bettard to introduce a mercufsee method, at least a particle size analysis of the ore should

be carried outSuch analysis can either be carried out manually, as descripéelga M. M., 2006) or using the laboratory
facilities of NMA in Freetown.

92 (Telmer, 2009)Vhile reducing mercury use is possible, eliminating its use in artisanal mining has turned out to be more
difficult for various reasons.
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looking surface. Sponge gold still contains traces of mercury, which will vaporize tvbegold is
smelted into a gold doré b,

From ervironmental point of view, the good thing is that miners categorically do panning withnyerc

in sealed small ponds, which is knownracticeto reducedirect mercury releases to environment.
However, eventually those ponds are most probably emptiedan-@nvironmentally sound manner,
and the mercury in them is believed taéeeleased to landn Kumaru, the tailings captured in ponds
are panned agg as they still contain gold, illustrating both the richness of the gold deposit, as well
as the effetiveness of gold liberation when nsithreused.

4.8.3 Remarks on mining and processing
Althoughno technical interventions were carried O
during the field research, concentrationaiguably
the most problematic part aftisanaimining in Sierra
Leone. As mills are nabutinelyused, the sluices ar
typically fed with too coarse material full obcks.
These rocksblock the sluice fill the carpet with
excess material and cause turbulenced. tAis
togethercause fine golgbarticles to be washed aws
which leads to poorecovery and eventually to pod
daily income forartisanalminers.Simple tmls such
as sieves were not used if they were they were way
too coarse.

Figure34: Squeezing the excess mercury away

It can be argued that thapid declineof alluvial surface
deposits is partly due to the poor techngwéhereoreis not

. crushed or milled, particle size control is not applied (sieve)
and sluices are adjusted arbitrarilyntroducing milling,
teaching miners to use sieves awuging thesluices with
good carpet materials, would probably makagdifference

in Sierra Leone and could revive tbector At least this is a
relatively cheap optioand worth testing, as viable alternative
livelihood options are not immediately prese@mple
demonstrations could easily be organized by professional
miners knowledgeable of these aspeftisexample.

Figures: Silver coloured golamalgam ball bein - Fina|ly - at leastwo of the worst practicesewre identified in
burned openly ) . .
Sierra Leon¥: Both in Kumaru and in Baomahun, mercury

9 Typically, ponge gold is first refined furthaising hydrochloric anditric acid. Then it is smelted into a gold doré bar

for transportation. Before gold enters the international market, it is further refined up to 99.99 per cent using
electrochemical process.

%“The term O6worst practicesd refers to the actions to be

They include (i) Whole ore amalgamation; (ii) Open burning of amalgam or processed amalgam; (iii) Burning of amalgam
in residential areasind (iv) Cyanide leaching in sediments, ore or tailings to which mercury has been added without first
removing the mercury.
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was categorically burneapenly,and no fume hoods or retorts were seen to be used. Furthermore, in
Kumaru nercury was practically always burned in residential area, exposing theusfam¢hers and
children to easily absorbed gaseous mercury. In Baomahun, mesasigbserved to be burned in the

mining area, far enough from the community, but it was also told to be sometimes burned within the
community.
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4.9 Mercuryuse andrade

Figure36: Elemental mercury in a gold pan

4.9.1 MercuryUse Baseline

4.9.1.1 ArtisanalMining

As measures in article 7 of the Minamata Convention onlyyapgrtisanaland smaklscale mining

in which mercury amalgamation is used, it is important to clearly define this sulastsahaminers

in Sierra LeoneAfter visiting nearly twenty gold mines, interviewing a dozen of gold traders and
meeting with numerous keyasieholders in the country, the research team was able to confirm mercury
use only in wo locations.Therefore, the estimate for artisanal mining is based on only these two
locations, and there has been no reason to extrapolate the tdsuleser, while ot geographically
wide-spread, the use of mercury is notable in theseldcations.As in JanuaryFebruary 2018,he

only known places where mercumasused amongurtisanalminerswere Kumaru and Baomahuf.
Based on the gold production in those locatioghsan be estimated that in combined 4@@tsanal
miners are annually consumiti§6kg of mercury in averagé.The baseline information is presented
below.

Currently, most of the miners seem todmirelyunaware of the amalgamation methBdrthermore,

it makes sense thatercury use is not more prevalent in Sierra Leone because most of the gold deposits
available forartisanalminers are alluvial in nature and host gold in the form of sands or nugbists. T
already liberated gold can most of the time be recovered with the present rudimentary gravity
concentration methods by sluicing and panning. In addition to this, mercury is also fairly expensive in
Sierra Leonel(e3,500/gor 0.5 USD/¢°in comparisond mi ner s & mo d &everthetessi | vy

% Due to the time limitations in Baomahun, not all Resdk mining areas were visited, and results have been extrapolated

for those areas using Sentir2lsatellite data as on 28 February 2018. The extrapolation has been done using land area
estimations for areas which were told to be active by locals.

% |n Kumaru and Baomahun, the mercury use was estimated using the mercuryayald o , as described

Telmer, 2017). Based on the observations, high price of mercury and physical measurements, the established standarc
estimate of 1.3:1 was adopted for this study, meaning that for each kilogram of gold (24K), 1.3kguoy isemeeded.

This standard estimate applies to concentrate amalgamation and is based on the research done by Kevin Telmer anc
Marcello Veiga, (Telmer, 2009)

97 This is roughly ten times the international market price of elemental mercury.

59



in view of the mobile nature afrtisanaimining in Sierra Leone and declining gold deposits, the situation
might change in the future and the use of mercury must be addressatpinesly before its use
becanes more widespread.

Limited use of mercury iartisanal minings also reported in neighbouring Guinea, which is in line
with the findings in Sierra Leort& Further evidence can also be found at the Strategic Environmental

A

Assessment report, which doesndot e®¥n mention

4.9.1.2 SmaliScale Mining
Mercury use in smalcale mining isnoredifficult to estimateas the research teaeve hada chance

to see mercury amalgamation in practice. However, based on interviews, it was approximated that
163.8kg of mercury is annually consumed in a dyeavhich waperating inTayei Riverin Yele at

the time of researc Furthermorgin Kumaru, there were rumours that the five sraalle mining
companies operating under the existing exploration license were also using mercury. However, despite
its efforts when visiting two of those companieg tbsearch teamas not able to confirm the alleged
mercury useBased on the equipment present,dbmpaniesnight as wellbe using direct smelting,

which is known to be more cesfficient and to produce better recovery than mercury amalgamation.

However, anestimate of mercury usetine snall-scale sector has been included in this report to inform
decisionmakers on the possible upper limit of mercury use in Sierra L&dme.further serves to
underscore the importance of inspecting and reguléiegmerging smablcale mining sectogs it

is likely to increase in sizeas it stirs conflict with artisanal mining communitiesnd is possibly
engaging in environmentally harmful practices such as mercury amalgamation.

Sincethesmalls c al e mi ni ng ¢ o mp & prodacton kkveld, thé durredtiestincate iss e
based orsecondhandinformation collected in Makoni, where a smadlale mining company was
operating using two excavatotshas beemeportedhat when operatg 24 hours a day, the company
can produce as much a80g of gold (24K) a day. Ais operats without breaks, it could be assumed
that the company itheoreticallyable to produce as much 85.7kg(365x180g) of gold annually. To
produce thatone wouldneed at leasB5.4kg of mercury (13x65.7kgQ, if indeed the mercury
amalgamation methaoahd the assumed mercury: gold ratias used®

If it is further assunmthat all theidentified six smallscale gold mining companiegould have a
similar production level and wddi also use mercury it could be estimatedthat thefive other

98 http://artisanafjold.blogspot.fr/2017/04/mercuysein-guineanasgmsector.fiml, accessed 27 March 2018.

99 (EPA & NMA, 2016)

100The given average estimation is fairly close to the estimate given by the UN Environment Global Mercury Assessment
(225kg) which may be a mere coincidence but still worth fieinout. The Global Mercury Assessment 2013 only counted
emissions to air(UNEP Chemicals Branch, 2013)

101 see chaptet.13.3
102 Based on the various measurement carried out both in Kumaru and Baomahun, and the information on the mercury

price, the standard mercury:gold ratio of 1.3:1 was adopted for this Sthidystandard estimate applies to concentrate
amalgamation and is based on the work done by Kevin Telmer and Marcello Yeayaer, 2009)
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companies engaged alluvial smallscale gold miningexcluding the dredgejould togetheruse
roughly512kg of mercury annually+-100%)-°3

4.9.1.3 Final Estimates

The estimates presented below are basedaoonus methods applied: The mercury use in artisanal
mining is based othe average estimated gold production in the two locations where mercury use

was detect#, using the standard mercury:gold ratio of 1.3:1. The estimates forsrakdImining are

more indicative and are based on rough extrapolation as explained in the previous chapter. Due to the
limitations of the methodology applied for smatlale miningpnly a range has been given.

Table5: Mercury use iRSGM

Type Community Work force Mercury use (kg)
min max mean min max mean

artisanal Kumaru 1163 6656 3909 453 283.93 144.23
artisanal Baomahun 75 197 132 4.56 19.16 11.86
artisanal Total 1238 6853 4041 9.09 303.09 156.09
Small-scale Dredge (Yele) 7 7 7 0 163.8 n.a.

6 other n/a n/a n/a 0 512 n.a.

companies
Small-scale Total n/a n/a n/a 0 675.8 n.a.

Grand Total 1200 6900 4100 16.55 1,034 n.a

It is important to notice that theecent World Bank studgivesa much higher estimate for mercury
usel®Based on the qséonnaire filled ly EPA, this study estimatethat halfof the gold is produced
with the use ofmercuryby 100,000200,000 miners. Based on the experiences from other countries
with similar mining populations, they estimate that a total-@020of mercury could be consumed in

a yearBased orthe present studyt can beconcludedhat the World Bank studyreatly overestimates

the mercury usat leasin artisanal miningn Sierra Leonelf indeed 50 percent of the gold had been
produced with the use of mercury, the method of mercury amalgamation should hareiblesrore
prevalent in Sierra Leortban has beerwitnessed by the research team.

The limited mercury useorroborates findings reported Byartier and Burg€®, whostatel that
In the Kangari Hills area, as in most other ggddoducing areas of Sierra Leone, mercury and
cyanide are not used for amalgamation. Gravity concentration methods are the norm, and

1031 view of the limited availability of information and the consequent assumptions thedestimation is very prone to
error.
104 The estimated mercury use only counts the mercury directly used in amalgamation. As mercury becomes ineffective

over time due to the impurities and oxi ddata goani,n.i t0 Rreuasctt
of mercury is not technically difficult and at least three simple techniques are avéllalster, 2009) Due to the high

price of mercury, it would be sufficient to expect mercury traders to colledtrasrcury from miners for reactivation, but

no information on this was acquired during the research. However, this is an aspect which should be addressed when
designing plans to reduce mercury use (See chapter

105 (World Bank/COWI, 2016)
106 (Cartier & Burge, 2011)
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those used include simple pans or shaker boxes with carpet. What magjekl theposits so
accessible is their location at neaurfacel evel s &
Moreover, itresonates with gecent study byunter andSmith®” onillicit financial flows inartisanal
miningin Sierra Leongwhichdoesnot even mention the wordercuryin theentire study.

Therefore, counter to the estimates given in the World Bank studyreihist demonstrateshat
mercury use isot a widespread practiceniSierra Leon. Itdrather a relatively uncommon practice
in artisanalmining, althoughis to some extentised inin smaltscale mining.In this context, itis
important toreiteratethat the research teahmms very limited access tine smallscale mining
companies and that further research shauently be conducteah smaliscale miningThis point is
made not only in view of mercury use, but diecause theompanies largelgperatewnithout licenses
andcause tensions with astinal miners and local communities

4.9.2 Mercury Trade
This is a very good market. But only if you have money. If you have one million you are going
to gain one million'%8

In the areas where mercury use was observed, most midarstknow where mercunyas coming

from because only a few peoplereinvolved inthe mercury trade. This lieto do with the fact that
mercury is very expensive:wasreported inrKumaru(in early February 2018) to cost LeB00 and
Le100,000 for a smatlup (more precisely, the top of a water bottle), which is equivalent to 1 oz (0.37
0.64 USD/g). In contrast, in December 2017, the same amount of mercury would only cost you
Le40,000/0z (i.e. 0.19JSD/gram); the price has thus more than doubled in oniyatter of two
months. According to local informants, thvesdue to scarcity of mercury in Sierra Leone.

As, at the time of writing, thevorld market price for mercury flask of 34.4kg was2,000USD (0.058
USD/g),andthusit can be estimated that averaganercury worth9,054USD is importedannually

to be used irartisanalmining 1°® However, there is more to that whiemking atthe street price of
mercury in Sierra Leone. Using an average estimateld0,000/0z (0.47 USD/g), means that there
is close t075,000 USD circulating in the mercury trade in Sierra Leone.

The mercury users interviewed usually bugdz (28-112g)of mercury at once. It was mentioned by
mercury users iKkumaruthat mercury comes mostly from Liberia. The respondent shizaéte buys
mercury from a businessman in Monrovia who exports gold to Dubai. If he wartdantget as much

as 10000z (ca. 2&g) of mercury from his buyer in Liberia. This man allegedly hgents working

for him to buy &onadand seldb mercdrydim detarh, €adnplemented with the

di fference between the mercury and gold value
sell part of it to make more cash, as it has now become a very lucrative business in SierréHigone.
was illustrated by the enthusiastic statement of one of the respondents: "This is a very good market.
But only if you have money. If you have 1 million you are going to gain 1 million". These informants
were not aware of any health effects from meycur

107 (Hunter & Smith, 2017)

108 Gold trader interviewed in Kumaru

109 The calculation is based on theerage estimation of mercury use in artisanal miflrig.1kg) as explained in the
previous chapter.
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It was also indicated by the same informants fkumaruthat a small part of the mercury used in the
areawere comingfrom Ghana where its cheaper than in Liberia, while there are obviously more
travel costs involved in getting it from there. Itsvaso mentioned by an unlicensed tradéfumaru

that the Chinese brought in the mercury and also use it there in their own operations; and by other
unlicensed traders iKumaru that mercury can be bought from gold buyers in Guin€heaper
mercury in Giana is understandable in the larger cont®eighbouring Togo is known to be the

i mport hub of mercury to western -ltensiveartsanalpr ov
mining sector, as illustrated iFigure 38'° Evidence ollected seems to ofirm that mercury is

flowing from Togovia various channelss suspected in the referred report by World Bank/COWI.

To put the mercury trade intocontext, it is illustrative to think of the volume of consumed mercury
in artisanalmining (156 kg). As extremely dense liquid metal, it would onlydak bit morghan 1L
litres in volume, to pack36 kg of elemental mercur{t! Such quantity can be easily imported by few
people carrying backpacks, or by a single person making few trips to neigtghoouintries in a year.
When it comes to alleged mercury use in sreaille miningmax 676kg, they have very little reason
to use same trade channelsaassanalminers. Smalkcale mining companies visited, imported raw
materials for their own use da#ty from China, giving them ample opportunities to import some liquid
mercury along with steel and heavy machinery, if so neded.

110 (World Bank/COWI, 2016)
11 pensity of elemental liquid mercury 13.69 kg/litre

1121t js worth noticing, that China isne of the most prominent mercury producers in the world (primary mercury mining,
recycling and byproduction) and that mercury amalgamation is known to be practiced among Miners in(Chited
Nations EnvironmenProgramme & Branch., 2017)
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Figure37: Overall trade flow of mercury in St8aharan Africa. Red numbers indicate the average official import for the period 2010
2015 from countries outside the region with 2015 impligures in brackets. The actual import may be up to twice the indicatedialffi
import. The area of yellow circles, indicate the estimated mercury consumpticartisanal miningn the countries (mean estimate).
The blue number indicate the likely total mercury consumption within therggiions indicated by the blue circléfilustration from

(World Bank/COWI, 20168Ysed with permissioj.
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4.10 Impacts on local development

Figure 37: A small town on the way to northern Sierra Leone

Theartisanal miningector has an important but complex relationship with local development in rural
Sierra Leone. Thishapterdiscusses the main implications, and both positive and negative impacts
sociaeconomic development (environmental and health aspects are disaasthe following
chaptes). It first discusses the impacts the sector haartisanalminers and their families, and on

local economies. Subsequently, it discusses percepifdosal authorities aboidrtisanal mining s
contributionsto developmentn their communities. The two subsequehiptes after this one
discussesnore deeply the roles and position of women, youth and children, which also touches upon
issues of local development.

4.10.1 Impacts orartisanalminers and their families
In judginganyect or 6s i mpact on | ocal devel opment , it
and to consider how this context gives rise to the secttrid respect, all respondents interviewed as
part of the soci@conomic assessment were first asked what motivates them to engatisamal
mining. The most common motives given include:
T To earn fifast moneyo needekemuwih c clotheg books &nd i r
medicines
T To earn Afast moneyo needed to pay for the
1 To accumulate capital needed to pursue their own education, with the aspiration to get a
specialized job
1 To accumulate capital to invest in agricu#tbinputs, in vehicles or housing for their family,
and different businesses
1 To cope with shocks (e.g. the death of a loved one, loss of a job, loss of money, etc.)
1 Engaging imartisanal miningloes not require much knowledge or significant siprtapith
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1 The lackof an alternative livelihood which is economically viable and easily available
The quotes below reflect some of the typical motives:

In gold mining, you are assured of your survival. You know that at the end of the day, you can
have youl.e50,000. They are there to survive and to help their families. @ioidg has more
assurance than diamond mining.

You see this place, we are very poor. Poverty is finding people right here, you see people mining
this and that, just to feed themselves

The first quote underscores an important distinction between gold and diamond miniofjerAn
heardobservation from respondents was that "with goldmining, you can get your living eyeryda
with diamond mining/ou may get rich, but it is difficult”, alluding to the fact that while with diamond
mining you can get rich, there is much more risk involved. In contrast, with gold, you have less chances
of getting rich, but you have a much metable income. This is theamn reason why women in Sierra
Leone have historically been involved in gold mining, while men mainly focused on diamonds. As
was indicated by a female pannerkiomaru "In those days, if men saw gold they threw it away,
because they thought it was badKuAll they wanted was diamonds... Today, finding diamonds is
very difficult, so many more men engage in gaithing now". This has been changiregently, ass

further elaborated in the nesthapteron women.

When considering these motives, it is irmpot to note that most of the miners use this occupation as

an instrument to pursue development in other domains, such as education for their children,
accumulating cash to pursue other businesses, or to pursue their own education in thgetbpte¢o

jobs in the future. As mminerin Kumarus ai d: fil want to make money |
doctor! 0 The qu e artisanal miningsfectivelyohelps these peeple to@ursue these
goals. For some people, it turns out relativelylwihis was underscored by a labourer fidomaru

who had lost his job as a technician duringEbela crisis and had turned &otisanal miningvhere

he ha managed to accumulate enough capital to construct a house for his famiyastarently

savirg money fromartisanal minindo pursue his studies in electrical engineering:

It made some difference really because when | first came here things were very difficult when
| compare it with now... there is future improvement, there are future.plans

For others, it has been more difficult to realize their envisioned results. dtasgnalminers who

planned to mine temporarily with the aspiration to pursue more specialized livelihoods, have failed to
accumulate enough cash to pursue further studiesake other necessary investments. Similarly, it

has been difficult for many miners to accumulate enough cash to make investments in businesses. As
a result, many of them stay in the mines for years, where working and living conditions are typically
harderthan elsewhere. In terms of living conditioagtisanaiminers living at the mine sites typically

live in simple huts without proper roofs, and alcohol consumption was observed irantnssal

mining areas. The mobile nature of young miners has oatalbjobeen reported to have caused
teenage pregnancies. Besides this, it should be mentioned that the overall atmosphere in these area
wascalm and peaceful, and that openprostituton waswitnessed at the mine sites.
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In Kassasiein Sella Limba chiefdm, some women that used todréisanaiminers now mine coltan

as this mineral had been recently identified in the chiefdom and the price for coltan had recently risen.
This trend can be explained for a large part because in many areas, the near claridgepogits are
gradually getting exhausted, and with a lack of capital it is difficult for many miners to go deeper to
hit the richer parts of the mineral deposits. However, it is for a large part also due to the multiplicity
of actors that benefit fromrtisanal miningand challenges in effective formalization of the sector (this

is further discussed ichapted.15).

However, despite the declining near surface depasiisanal miningactivity still raises significant

wealth in poor areas. Based on this field studtisanalminers in Sierra Leone have been found to

earn between Lell,258,000 ($1.48L1.58) on a daily basis, and Le280 ($3.73) per day on
average. It should be meoied that taking into account the seasonality of alluvial gold mining, on
averageartisanaiminers work only 7 months per ye& This is much more money than is earned in

most other livelihoods pursued in rural areas. For instance, when compared mitlg féewhich is
obviously a very different livelihood which has the advantage of providing direct food for people and

is mainly done on a subsistence level), farmers approached in this study have reported to earn betweer
Le23,788780,000 ($3.13.02.63) pewear, or Le652,136 ($0.00860.28) per dayl*

The fast cash earned antisanal mininghas important implications for local development beyond the
individual miner. As has already been underscored, miners have reported to mainly spend their income
on schaol fees for their children. This is especially important because, as has been discasaptein

4.2.4 primary schools in rural areas (at least those areas visited) and their teachers are often not
officially recognized by the government, which causes parents to pay teachers informal financial
contributions to enable their children to be educated. Be#igsit has been reported by several
artisanaiminers that they also use their revenues for sending their children to secondary school and in
exceptional cases even to university.

4.10.2 Impacts on the local economy

The fast cash earned amtisanal miningsaves as an engine for local economies and has significant
spillover effects on other local economic sectors. First of all, the sector creates markets for farmers
and small traders. Indeed, during the visits in mine sites, the researchers often obskinesdarid

women selling foodstuffs such as maizepap, breadgamgndnutsto miners. It also attracts other

goods and services, especially in establigirédanal miningommunities such asumaruwhich host

many shops of traders, restaurants and hasdresand where many bike riders operate. In these
places, demand for such products and services is high, and as a result, prices are typically also higher
As was explained by a shop ownekinmary who lived in Makeni before but had moveddomaru

withhi s wife to sell goods, because: Awherever t
certain good cost$e5,000 in Koidu, it could costLe6,000 [Le] her e O . Mi ners r efg
especially a lot of fuel and rice from such shop ownersémel traders. In Ranahun, it was reported

by a local farmer that farmers from surrounding villages come there to sell their tgrodartisanal

miners.

13 Further limitations and clarification about this estimate can be found in clapt2r
14t should be noted that in view of tinmestraints and scope of this study, #ésimated average income for farmers is
based on only four group discussions conducted with farmers.
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This finding is particularly important for agriculture, because farmers have repuatetieyface big
marketing challenges as they have limited means to transport their srtmdscburban areas where
demand and prices are higher, and they lack warehouses to store thestgandisell when prices

are high, as has been investigated and documemntee extensively in other studi€S.In such a

context, theartisanal mininpr eas ser ve as S p o nubant € o tvghiehgcdne me r
serve as decentralized markets that are closer to the faffhera few cases, it was also mentioned

that revenues earnedantisanal miningvere invested in engaging labourers for agricultural activities

and in farming tools, but not as muas was reported in other studies before, which is likely linked to

the fact that near surface deposits are declining.

With regards to agriculture, there are also negative economic effects stemmirggtisamal mining
Most significantly, as was indicated by several farmers living closetiganal miningites, AGSM
miners do not rehabilitate the land and leave belairge pits (the environmental and health impacts
related to this are discussed in latkapter 4.1B As a result, farmers cannot use this land for farming
anymore, and in sonm@asesfarmers haveakenit upon themselves to recover the land, costing them
significant effort.

But beyondanalysingpositive and negative impacts from one type of livelihood on the other, one of
the clearest observations has been that as has been documented before, farming and mining in Sierr.
Leone should not be considerela 6l i vel i hood alternativeso6, but
in many of the areas visited, people engage both in alluvial goldmining, as well as in farming activities.
Combining these two activities provides people with the possibility to enjitythe food generated
through farming, and the cash generated thra@utibanal miningn the short term, and better enables
households to spread risks and becoming resilient in coping with shocks. The practical deviation of
work tasks betweenthetwoacti t i es i s facilitated by both se
when alluvial mining activities typically stop because the river beds are full of water, people mainly
focus on farming: they are occupied with planting seeds and ploughing and gvéezlsoil. In dry

season, people mainly focus on alluvial mining, and their farming activities are less demanding, as
they are typically restricted to harvesting crops. On days where both activities require attention,
farming miners or mining farmers daost of their farming work in the morning and their mining work

in the afternoon.

4.10.3 Perspectives from local authorities
Most of the paramount chiefs and community <ch
for development on their land. For tasce, as was indicated by the community chief in Kampala,

Sanda Loko chiefdom: fAgoldmining is the only &
thetown chiefi n Masumbi r i, Simiria chiefdom: ARThe ec
her e. It i's creating business activities iIin t

frustration was expressed that mining in general over the past century has not managed to alleviate
poverty in their communities. As one paramount chiefifput

115 (Cartier & Burge, 201t (Maconachie & Hilson, 2091 (Hilson, 2011)
118 For more on this, see al¢Bartier & Buge, 2011)
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My whole contention with mining is that having mined from the 1930s to now the 20th century,
there is nothing to hold on to say: this is what we have benefited from this mining

Or as another paramount chief put it, when discussing paaantngfties by the river in his chiefdom:

It is a small part of what is going on [in the country] but for the women it is very important.
My perspective is that nobody except for the women is benefiting

This paramount chiefid not receive any revenueofn theartisanal miningactivity as theywere
unlicensed andid not want to force the miners to pay it because the miners in his chiefdonvémo
mainly panningalong theriver)din ot earn very much. When asked
inability to translate to long term development, it was expressed thad ibhdo with the way the
sectorwasgoverned:

The ASM sector is where we hope the Sierra Leoneans will benefit because it is exclusively for
Sierra Leoneans. But the supporting mechasisfor people working in this sector are

mi ssing... So thatodés why, even though it i
have the people got?

This statement alludes to the governance ohttisanal miningwhich has been identified by seak
respondents as a barrier to t HeBesfdeslgdvermranceg thei t a
statement also underscores the importance for nationals and for locals to benefitifanal mining

activity. Related to this, a common cause for frustration among many local authorities is the strong
presence of (domestic) migrants and foreigners in the sector. In most atilamal miningareas

visited, roughly half of the people originate from @étlareas in Sierra Leone and have come there to
seek their living. Most of these migrant minékl to use their savings to take care of their primary

and extended families which typically do not live near the mining area. For instance, as was shared by
afemaleminerin Kumary she travels back to Freetown once in a month to share her savings with her
poor husband and her six children, or she nselile carrier servicéo send money to her husband.
While such actions contribute to wider development @rr@iLeone, it leaves less of a tangible impact

in artisanal mininpgc o mmuni ti es (aside from the minerséo
goods). Furthermore, as has been discuss&hapter4.7, the gold trade in Sierra Leomelargely
controlled by powerful traders from Guinea and Liberia, and their Sierra Leonean agents who have the
Sierra Leonean nationality but typically shar
This further undermines the ability édcal people to reap the full benefits fraamtisanal mining

activity.

4.10.4 Comparison wittmore industrialized mining

Finally, in understandintherelevanceof artisanaiminingto local development, it is useful to draw a
brief comparison witlmore industrializednining companies. As has been underscored in several parts
of the reportsmaltscalegold mining companies are on the rise (though officially often under an

117 n this respect, it should be mentioned that chiefdom authorities themselves have an important role to play, because in
some chiefdoms, they do receive substantial benefits from artisanal mining activity. Governance of the sector is further
discussed in &ction 4.6.
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exploration license), and their role will become more important in the future as anasgnaiminers

now have to dig deeper to reach rich gold deposits. When asked about their future astsanall

miners have expressed their hope to get employed by such mespdowever, after the arrival of

such companies, many of these miners have been disappointed, as the companies did not employ a
many locals as expected. Most of #meallscale mining companiessited employed only a handful

to several dozens of peepland the technical jobs are typically reserved for foreigners from the
companyo6s country of origin (typically Chinese
manual labour for Sierra Leoneans, though some of the locally hired employesharisd to have
learned how talrive excavators.

Based on interviews with local workers for such companies, the companies typically hire local
employees at daily wages arou2d-4.0 USD (Le20,000-30,00Q with little to no social benefits.
Whereas somef these workers had prospects to work for several years, the majority of local workers
encountered were only hired for the skhierim and had no guarantee for the future. Still, those workers
were typically happy that at least they had a job. But wherpaoed with theartisanalsector, such
companies clearly create much less employment as much of the labour that is performed by human
beings inartisanaimining, is performed by machines smallscaleoperations.

Besides the creation of employment, itakso importantto considerthe wider impacts on the
environment and local communiti€Baramount chiefeavinglargescalemining companies in their
chiefdom often expressed frustrations about such issues, as is illustrated by the quote below:

Most mining companies that come in to explore are expatriates who do not have an
environment al ma n a g e me odd wheh they émed ih But tpely ltatemna e
community development plan. They say they do, but they do not do anything.

This perspective has been largely reflected by the communities surrowmdatigscalecompanies
visited, which shared to have had very tmi communication with the compas Only in exceptional
cases, such as Baomahunhad a former company invested in the local community by for instance
establishing a well for pumping drinking water, and bathe time of research established positive
relations and actively engaged with the community.
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4.11 Women inartisanal mining

FigureSS: Women rrﬁning in Teye river near Yele

Women have a spec.i aftsamalarinmgector. Whereas histaricdllye mem bavves
dominated the diamond sector in the hope to get rich one day, women have steadily focused on gold.
As discussed before, this has to do with the fact that gold mining brings more stable returns than
diamonds, which isan important attribute for women as traditional caregivers for their families.
Besides this, di amond mining has historically
because it involves more hardship, which may be another reason that maay.&eearnvomen

have historically opted for gold miniri¢?

In more established gold mines, women make up to 15 per cent of the workforce, focusing on the final
concentration of the ore by pannirtgowever, when recognizing that the ubiquitous gold panning
present in countless rivers and streaisialmost exclusively carried out by women (84 ceny, the

entire picturebegins to emergdased on the estimates giverchrapter.3.2 it canbeconclude that

women makealmost half(47 per centpf the entire artisanal mérpopulation in Sierra Leom&?®

The majority of women that are involvedartisanal miningn Sierra Leonaresingle mothers, whose
husbands/man have either passed away or have abandoned them. Alternatively, they may be mother:
whose husband/man does not earn much or take much responsibility in caring for their families. In
fewer cases, women are involvedantisanal miningogether with their husbasdThere are only few

young women involved iartisanal miningAs these women carry the major responsibility of obtaining

18 Pjjpers, 2011
119Based on the estimations presented in thldan be stated that in averagép hectares of land is

occupiedby roughly 80,000artisanal miners, producing 2.9 tons of gold annually When using a
spot gold price of 42.7 USD/qg, tlegport value of mined gold is approximately 125 million USDIt
is important to say that the estimation of workforce is on manual labourers, whosaet pmemining
sites on a daily basis.

Table2: Summary of artisanal mining statistics in SierralLeofei s est i mati on i ncl uPdrmisg t he
and di0eB3n6§8529,851), and all of the other categories (0.15x47,081=7962). This sums up to 37,813, which is
roughly 47 percent of the entire estimated workforce.
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t hei r baaignéecéssites they engageartisanal miningo earn an income to belaldo so.

Many of the women interviewed have decided to do so shortly after they had lost their husband, or
afterthey hadexperienced another type of shock, such as loss of land to farm on, loss of business, or
disappointing returns from other activitieBhey mainly spend their revenues earnedaritisanal

mining on food, clothes, medicines, and school fees for their children. Younger women can also be
seen around mine sites, but these are typically only engaged in selling food, clothes and other products
41112 2YSy Qa NRf S

In terms of roles, women are mainly involved in the panning of gold. Throughout Sierra Leone, they
are recognized as fApanning exper t'8Residespdnningf t e n
women are also involved in washing tbee in sluice boxes. They are usually not involved in the
digging of ore, because this concerns a physically demanding task and men are deemed to be more
suitable for this type of work. In some areas, women are also involved in prospecting for gold, which
they do by digging small holes with shovels and taking soil samples to check the ore grade by crushing,
washing and panning. This is for instance so in Tonkolili district, as was explained by an MMO officer:

Women are local geologists for the men... Tthkg their shovel and theirreadpara nd 6t j oo
tjookd until they find a very good deposit
find the | imit, they cannot go any flurther

This role as pryspectors was also confirmed in other areas but was not observed to be as common in
Sierra Leone as has been reported elsewhere in the litef&t#xemund the Pampana river, in
particular in Yele, there wer e adrasebfromwthabettom wh o
of the river, which they thesluicedand panned.

I n addition to wamambniningt s mportdntenote that as mothers, they

have further responsibilities in their household, including in particular cgakid taking care of their
children. When asked about how these tasks are combined, most of the women explained that they
wake up early in the morning to prepare food, work betweenrgam and then come home to prepare

food again. Most of these women hdaenily members and friends to take care of their children in

their absence, and many women working together also support each other in combining these tasks
and replacing each other at the household. Besides this, there are also many women who combine
mining with farming. This is particularly so because women are predominantly involved in alluvial
mining which only takes place durittige severmonths of the year, which provides them with more
time to engage i n compl e me ninirgarisaraleniningmnd farmiags . W
activities, and their use @frtisanal miningearnings for agricultural activities is further documented
elsewhere in the literaturé?

41122 2YSyQa 2NHIYAT I A2y
Most women i nartiSanatnminingectorevorkhoa énsndividual basis. Those women who
pan along the rivers are often found in small gsoofptwo to four women, typically consisting of

120 The story goes that women are naturally good at panning because they have historically partoesbrt the rice
grains

21 Averill, V. (2006) Sierra Leone eyes a golden future. BBC Newf) August. Accessed at:
http://news.bbc.co.uk/1/hi/business/5262960.stm

122 (Maconachie & Hilson, 2Q1)
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family memberor friends. But in most cases, this company is merely chosen to make the work more
enjoyale and out of practic&y (e.g. because the specific area they work in is rich of gold or because
they can combine looking after their children they have taken with them in this way) and the women
still conduct their tasks of panning ore and selling gottividually. In other types of mines, for
instance in alluvial open pit mines, women may be engaged byduoalamated gangs of diggers for

the specific task of panning the concentrate and/or washing the ore. This engagement is usually on
me n 6 s iandwomen typically do not have easy access to these gangs, unless their husband, a
relative or a friend is part of the gang and invites her.

There are several reasons why women do not organize themselves more solidly. First, as a genera
challenge in #rra Leoneminersdo not trust each other easily and do not want to take the risk of
sharing their ore with others. Indeed, many women interviewed have indicated that they are afraid that
others will free ride on their hard work. Second, different pexrsoay have different preferences in
selling the gold, which may cause disagreement and conflict in groups of female miners. For instance,
some people want to sell directly to get the fast cash, while others prefer to accumulate gold for a
certain period ahthen sell the gold altogether, often at better prices. Third, women alone cannot work

in an open pit or hard rock mine because they would always need men to do the hard work of digging
and shovelling the ore. Finally, women lack several assets requioedofganizing themselves,
including access to finance and access to land (discussed further below).

41132 2YSyQa | 00Saa (2 laasSday 3ly3as fSFRSNBRKA
As has been mentioned above, it is difficult for women t@ss mining gangs as this typically requires

that you know someone in the gang, and the labour performed by women in the gang is often on a
shorttermbasis. Besides this, it is difficult for women to access gangs (as well as leadership positions,
licensesand land, discussed hereafter) operating in hard rock mining sites as they are often not allowed
by superstitious beliefs to go up in the hilIn addition to these beliefs, the working conditions in
those places are usuallgry rough as it concernseavy work, and there have been reports (but no
observations in this study) of male miners mining naked up the hBlaomahun

This is also related to womends acc eksavhetean | e a
thisreport t here is quite some artsanal aininggaado and diggers i n
can climb the hierarchy by becoming for instancgaag leader. However, as Sierra Leone is a
masculine society and still faces significant challenges in reducing gender equality, this is more
difficult for women.'?* As discussed above, women already have restricted access to mining gangs,
which makes it mie difficult to become a gang leader. This is coupled with the fact that recent years
have seen a transition of men from diamond mining to gold mining, which has made it more difficult
for women to aquireleadership positions. Still, a few female gangleraweremet during the field

study. For example, in Makong, a female miner identified a new area in her prospecting work, and she
became a gang leader after engaging three men and four women to work with her. It is thus possible

123 |n all mountaneous areas visited, there is the unchallenged, a common belief that there is a devil spirt of a woman up
there which you cannot see, but who can stop giving gold when there are other women around. The miners visited up in
the hills belw e t hat the presence of other women, who reprodu
mountain gives.

124The 2014 female Human Development Index value for Sierra Leone is 0.370 in contrast with 0.454 fesultary

in a Gendebevelopment Index (GDI) value of 0.814
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for women to aquireleacership positions, but it typically requires talent, hard work, capital and good
social relationships.

Access to land is a bigger challenge for women. In Sierra Leone, the land is owned by families, and
access to the land has to be negotiated directlytivim, in consultation with the paramount chief of

the respective chiefdom. In such negotiations, possession of social ties and financial resources play an
important role, and women often face more difficulties than men because of local gender norms. There
are currently nartisanal minindicenses owned by women. To go back to the example of the female
gang leader in Makong, she wantedoerome licensewner andshe had enough capital for it, but

after a discussion with the meit was decided that a mawill bethel i cense owner be
usually the men who take the | i c &assnebdiownsithre ano
land of her pit, but this has cost her a lot of money which has been paid by her husband, whom she is
effectively rgoresenting at the mine pit.

Access to capital is a general challenge in Sierra Leone, as is elaboriated anapters Wo me n 6 s
access to capital i's strongly related to wome
that support the miners financially. Since the majority of women operate individually, it is less
interesting for gold buyers to invest in theperations as their production is lower. As a result, most
women do not have a fixed buyer and usually just sell their gold to the small traders and gold buying
agents who visit their communities and mine sites. Some women also shared that they ptefer no
have a fixed buyer because they have the impression that traders try to cheat on them when for instance
measuring the gold with their balance, which many of the women cannot read. Similarly, there are
very few female gold traders. Most women intewee would like to become a trader, but the majority

of them, who typicallyhavevery low levels of education, cannot do this because they do not know
how the scales work, and further have little knowledge about the gold business, financing, and pricing,
etc. On top of this, there is a lot of competition amtyagersso it is more dficult to stay up with

the competition. From the perspective of gédlersijt is also strange for a woman to be a trader, and
they generally only meet female traders who are assisting or replacing their husband if heois busy
sick.

41142 2YSy Qa AyO0O2YS

The women interviewed in this study have reported to earn between a range @0D&BE)000
($1.328.55) per day, and the average daily wage calculated is Le22,178 ($2.92). It should be
mentioned that this average contains input from two female gangrdeadd several women
interviewed inKumary where production was at the time of research very high. In many settings

where women are engaged by men, they are paid
per day, which typically contains Ocarat and was sold for approximately Le15,000 ($1.97) at the
time of research. It i s expected that the aver

artisanal miningsector is somewhere between these averdgd$,000-Le22,178). This is a loebks
than what men earn.

Indeed, gang leaders admit paying men more than women. For instance, a gang Baderainun
reported to pay men Le20,000 ($2.63) and women Le15,000 ($1.97) per day. The reason given for this
is the unequal physical effort inglwork, as the digging work performed by men requires much more
strength and energy than the washing and panning work (typically) performed by women. Another
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reason for womends | ow income, i's the falet th
men typically work on the primary ore in alluvial mining and the primary deposits in the case of hard
rock mining, which is typically also richer in gold.

Beyond income, another problem related with the tailings is that an effectoreergof gold from
those tailings that <cont ai n fAThds,doadxamplgiKynarly d o ,
many womerareinvolved in treating the concentrate with mercuiipwever, t should be noted that

from the observations made in this stuidlys only men who possess the meyand that it waalso

men who performed the mercury treatment of t he
usually burned by gold buyersho are exclusively men.

41152 2YSy Q& FYoAUA2Y & YR 2LILIR2NIdzyAdASa

When asked about their ambitions for the future, many women shared their hope to do a small business
in clothes, food, and products for daily use. Most of them cannahgkt this happebecause they

lack capital. Similarly, some women shared that they wapehgage in commercial farmipgut this

also requires capital, and they need cash on the short term, which they are not likely to get in farming.
This results in many women stayingartisanal miningpecause although they would prefer to have
somethingelse, they have no alternatives which are economically at as viadntgsasial miningand

directly available to them. There was also a significambberof women who want to stay artisanal

mining, and hope to one day become a gang leader, do bsisinethe side, or combine this with
agriculture.

Finally, it is important to note that women antisanal miningwho are mainly involved in panning
andwashingon a very small scal@lonot cause much of thenvironmental damaggemming from
artisanal miningctivity. Yet, theyare adversely affected by environmental degradation as they depend
most on the environment for making fire and feeding their families. For this reason, and for the fact
that women are traditional caregisan their families and communities, they are well positioned to
lead efforts that aim to promote environmental stewardship and health protection in their communities.
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4.12 Youth and Children

The majority ofartisanalminers areyoung men. Since youth andildren represents a large part of
Sierra Leoned6s population which faces pressin
and the challenges they are facing has been another important focus of this study. Therefore, in every
artisanal miningcommunity visited, the research team tried to meet with youth leaders and also
representatives from the district youth councils that have been established in Sierra Leone as part of
wider efforts in the postonflict reconstruction in the country.

4.12.1 Youth
When local youth leaders were asked about the challenges ai@fticed with, the typical answer
was: Athe biggest challenge facing youth is u

attitudes towards different livelihoods:

they don't see farming as a viable, lucrat]
they are looking at agriculture as slow cash... This is different in gold... This is also why they
want to be bikeiders

a lot of people nowadays go for fastsh. They want to get daily paymentl&your

These attitudes help to better contextuatimnyy o ut h 6 s p raréshralmeindgineadditian r

to the motives listed i€hapterd.10). As discussed i€hapter4.10, many youthin artisanal mining

do not want to be in the sector for eveddahe majority indeed hopes to be able to pursue more
specialized jobs in the future (e.g. as an electrician or a carpenter). But as was discussed by the youtt
leader quoted before, they lack the knowledge and skills for such jobs. This concern foorducati
amongst children and youth was also shared by a paramount chief:

Presently, all the youths are okaffaotor taxi] riders... Are you surprised when they are in
drugs? They have nothing to do. Their educational background is so poor

However, inorder to obtain the education required for pursuing such professions, youth need to have
capital. As discussed earlier, this is one reason why many symitte gold. As one youth leader

explained:

That is what the youth are doing now on a short time bésigetting their impacts on the

environmenté | just have to exploit all av
me along, it does not continue through my daughter [because at least she can have decent
education]

However, it should be meapnhed that the respective youth leader quoted here emphasized that in its
current form, thartisanal miningector is not organized and not sustainable. According to him, youth,

in both mining, agriculture and other sectors, mainly prefer to work ondandoal basis and with a

fixed daily wage because distrust is still deeply rooted amongst them and they do not want to take any
risks by for instance organizing into a credit cooperative. Similarly, it was shared that the formalization
of the sector is &ig challenge because youths do not want to commit to paying taxes because they
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believethat the government will not give them anything in return. Therefore, youths need to be assisted
and this trust has to be buitl tsurbwicvaarsaes d wiat

Nevertheless, when the youagisanalminers themselves were asked about their ambitions for the
future, many of them welcomed the prospect of formalization. For instance, as a gang leader and
several labourers frolBaomahursharel, if they have a license, they can claim their rights, exercise
more authority and usmiilling machines. However, in the case Bhomahun and also in other
artisanal miningareas in Sierra Leone, theisanaiminers cannot get a license because theyara
concession of aexplorationmining company. At the same time, as has been discussgdaipter

4.10, many other young miners want to pursue their education to eventually pursue more specialized
livelihoods, and a formalization of the sector, if effective, could potentially better help them in
accumulating the capital to do so.

Finally, when considing the employment and educational challenges that Sierra Leonean youth are
faced with, combined with thenticipatedoopulation growth in Sierra Leotfé discussed itChapter

4.3, it is important to consider potential social unrest that may arise fronefiective addressing of

the issues discussed in tlisapter As the experience ikumaruunderscores, and as has previously
been cautioned in the literature, the continued creatior®da@allye x c |l uded economic
doss of a sense of hopeinhe f ut ur e 6 a eomearyouths enaye(re)&eate the a
preconditions for wat?®

4.12.2 Children

Wor |l dwi de, chi | dr artisanal mipiragector occurp across Afmca, Asm and Sauth
America, including in West Afric&’ Child labour inASM is recognized by the International Labour
Organization as one of the worst forms of child labour because it concerns physical, strenuous labour,
often resulting in muscle pain and stiffness, back pain, skin lesions, poor appetite and sleep disorders,
and in the worst cases, resulting in death, all depending on the precise tasks they perform and for what
periods.*?8 129 Concerned with issues of child labour, Sierra LeoreeAsar t y t o t he 6 UN
on the Right of the Chil do.

In Sierra Leone, children play an integral role in contributing to the survival of the household, both
economically and in terms of ensuring food secuhitgieed, 51.®er cenof children aged -84 years

are working, 6per ceniattend school and 43rcentcombine work and school (Bureau of National
Labour Affairs, 2016)However, they seem to have a limited role in the domestisanal mining

125 2015 Housing and Population Censustinal Results https://www.statistis.sl/wpcontent/upbads/2017/01/final

results -2015_population_and_housing_census.pd€essed 29 March 2018.

126 Quoted from (Maconachie, 2017: 744) and (Maconachie & Hilson, 2011: 599)

127 According to the 2014 US Department of Labour List of Goods produced with Child Labour and Forced Labour, child
labour is used in gold mining in Bolivia, Burkina Faso, Colombia, Democratic Republic of the Congo, Ecuador, Ethiopia,
Ghana, Guinea, Indonesislali, Mongolia, Nicaragua, Niger, Peru, Philippines, Sene&aiiname and Tanzania.

128 ThelLO define child labour in Article 3 of C182 as labour which jeopardizes the physical, mental or moral wellbeing
of a child, either because of its nature or leeaof the conditions in which it is carried out. URL: www.ilo.org/
ipec/facts/WorstFormsofChildLabour/lairen/index.htm

2/7Gold from childrembdbeedcdagdbd Ubg ©Dhe chli edtronics sec!
Multinational Corporation§SOMO), November 2015

130 See Atrticle 28 of the UN Convention on the Rights of the ChiRIL: www.un.org/documents/ga/res/44/a44r025.htm
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sector. In the majority of mine sites visited, children, if present, were mainly selling foodstuffs to
artisanal miners and accompanying their mothers while they were working. For instance, in Dalakuru,
children go to school during the day but after school they join their mothers who are panning along the
river and play with each other. In only a handful of nsites visited, a few children were seen to be
engaged irartisanal miningactivity. As opposed to the situatiomother countries in the region such

as Ghana, no children were observed in hard rock sites or deep mining pits, and no children were
observedo be involved in treating mercury. With their limited presenceiastherefore difficult to
interview many children, antdwasnot a major focus of this study.

In those sites where children mgeobserved to be engaged antisanal miningactivity, they were

mostly involved in helping their parents by performing tasks such as carrying water, washing ore and
panning concentrate. For example, in Masumbiri, two children between the ag&8 gkérs were
observed filling a pan with graveldgether on the surface of a mine site. When asked why they were
doing this, the children shared that they do this out of school hours to make some cash to be able to
pay for their school ds | unches, and ytharsahalr n a
fees.Their work was clearly of a voluntary natutewas also mentioned by chiefdom authorities in

Sella Limba that there are children between the aged 8f(fhostly attending secondary school) who

are involved imartisanal miningactivity. These authorities were concerned that these children engage

in this work, but they equally explained that the children do this because they want to pay for their
school fees. I n this context, when spaa&ing
remembered that:

Child labourin ASM should not be interpreted as an unwillingness to attend school. It is rather
a testament to the resilience of the count
young boys and girls are willing to go in order to improve their qualityfefit

However, not withstanding the point mad e, chil
alluvial artisanal miningsites exposesthem to several health threats. This includes in particular
malaria, which is one of the major health concernsenr&iLeone and in particular amtisanal mining

areas, because mosquitos live around riverlaausthe pits that are created and left opeartisanal

mining activity creates a breeding ground for mosquitos and other notorious insects. These, and other
health impacts from the sector are further describ&chimpterd.15. The participation of children in
Sierra Leoneds ASM sect cadiniotherdtudiest her el abor at

131 Quoted from (Maconachie & Hilson, 2016: 140)
132 See for exampléMaconachie & Hilson, 2016
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4.13 Environmental information

Without question, one of the greatest environmental and social challemgjag #omartisanaland smal
scale mining is the total failure to achieve any form of land reclamation on thpleton of working in
all of the areas investigated by the SEA tesh.

ARTISANAL GO, MINING INw.

SIERRA LEONE 7

Makong community in Kunike Barina chiefdom in » Gt
Northern Sierra Leone is surrqinded by approximately D
g\‘t,gpoth active and_ ;

50 hectares of artisanal worki

Figure39: Environmental impact afrtisanal mining in Kathanta

As mentioned earlier in chaptérl, Strategic environmental assessm@&#A) of the ASGM sector
has been conducted jointly by EPA and NMA. This exhaustive report builds omtebaistitutional
anal ysis and extensive field work, and incl ud:¢
the sectointo a more viable and sustainable one that contributes to growth and developthent.

It must be emphasized, that the citegart with its recommendations stands to be entirely relevant
within the context of the Minamata Convention, and its recommendations shaaksbeénto account

in thefinal NAP. Therefore, this chapter is merely complementing to the SEA, specificallgwhe

has been seen that complementary information is needed on mercury amalgamation, or when analysis
carried out is believed to illustrate some of the concalneadyraised in the SEA report.

133(EPA & NMA, 2016)
134(EPA & NMA, 2016) p. 9
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4.13.1 Lack of land reclamation

As stated in the SEA report, the lack of land reclamati@ngaablythe cause of the greatest impact
ASGM activitiesare having on environment in Sierra Leone. This aspect has been addressed in great
detail in theSEA report,andthe reasons for the cemt practice are summarized in the following
guotation:

Land is left environmentally impoverished, abandoned, degraded, derelict and useless for any
subsequent purpose for the following reasons:

1) Existing legislation requiring rehabilitation is not enéed by the NMA and EPA,

2) The practicality of reclaiming the majority ABGMsites is never factored into the decision

by the Director of Mines as to whether or not a licence should be granted in the first place,

3) The rehabilitation fund prescribech ithe Act to defray the cost of rehabilitation and
reclamation of mineeut areas does not appear to exist,

4) The economics &SGMmake it impossible for local workers and communities to carry out
effective reclamation,

5) SmallScale miners can complet@ extractive operation within a matter of days or weeks
and move to new areas before the authorities are even alerted to their activities,

6) A decision to crack down on illegal operations, to refuse licences in all circumstances where
it is unlikely tha reclamation and rehabilitation can be achieved and to impose penalties or
prosecute offenders would result in an estimated 100,000 to 300,000 individuals losing their
livelihoods leading to massive social hardship and unrest;

7) The political will to erdrce change does not exist given the lack of alternative livelihood
options and the consequences of (5) above,

8) Any attempt to reclaim derelict mineral workings is likely to be undone by subsequent
renewal of il |l egal mi n i wafpe whiclealways eéxiste.s b as e d

To estimate the scale of land degradation in a year, it is indicative to use the scale of active areas
mapped using the spatial information received from NMA and satellite images, as described in chapter
3: It can be saidhat the land degradation is advancing with the minimum annual speed of 500 hectares
(652.99)!° Considering the fact tha#SGM has continued in Sierra Leone at the present scale for
maybe two decades, the lack of land reclamation must have had seri@agssimp environmenEor
example, as illustrated the following figurestheartisanal miningactivity has advanced ihe pace

of 100 hectares per yefrthe vicinity of Kumaru (Komaualone,during the past yed?®

135 The figure has been rounded down to one significantditu establish a more conservative estimate.
136 At the present state, government immediate response is needed in Kumaru, but in a long run it offers a great opportunity
for employment and livelihood generation for thousands of artisanal workers.
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Figure40: The scale of artisanal miningoeration in Kumaru
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Figure3: The scale of artisanal mining operations in Kumaru
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Figure42: In Baomahun, during the wet season excessive water is appanathing tailings and mining waste down to the valley
Tailings management is one of the key issues in mining in general regardless of the scale of mining.
Even if harmful chemicals are not used, the runoff mining waste from tailings is the primary cause of

degraded water quality caused by minifgus, artisanal miningas mining in general, can albe
considered to redugmpulatio® s ato potalsleswater.

If done properly, mining waste from processing is supposed to be collected in sealed tailing ponds,
where mining waste is treated in an environmentally sound manner. In Sierra Leone, no such tailings
managementivas seen beyond ponds where mercury amalgamas conducted®’ Tailings from

sluices are simply released into land and wdteBaomahunfor examplemining waste and tailings
including mercury, is apparently washed down to the valley during excessive riesvet season
(Figure 4).

4.13.3 Dredgimg

AT

Figure4: Dispatched processed waste material left behind by the dredge

1371n all honesty, such tailing ponds are largely missing in other countries with artisanal mining as well.
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The 15meter long buket line dredge operating in Teyiger deserves to be mentioned aloBecket
line dredges were popular in the d6d other parts of the world the early parts of the #@entury
but hasbeen largelyforbidden due to the causddmage to the ecosysteriowever, they continue
being popular igold mining inRussia, Chinarad Mongolial®®

A bucket line drede is able to extract and process thousands of cubic met@rsrdbed materiain
a day leaving behind piles of processed matefiagure %4). Although, no specific amronmental
impact assessment has bearried out for the visited dredge in Yele, the impact on water quality and
ecosystem must be substantial, not to mention the visible changes liredvidre sediments released
to the water due to the practice, increase turbidity, thus reducing the aofidight available to the
river habitas. As concluded byTelmer, 2009) this has two important consequences to the river
ecosystem:

1 Biological productivity and diversity is reduced;

1 Shifts in species composition are extreme.

Alleged mercury use makes the case even wémsmEessing waste, containing mercury, is released
directly to river, eading to potential methylation, bioaccumida and contamination dfshes As
stated in chaptet.9, if mercury use is indeed true, roughl§0 kg of mercury mighbe releasedo
environment in a yean the Teye riverFurthermoreto estimate the scale of dredging in Sierra Leone,
it is unknown how long the dredge has bemerating in Teye riveandupstream in Pampana river
before.It is also unknown how many dredgase operating in Sierra Leone in total, but the same
companywas told toopeateat least onenoredredge in Sierra Leone.

138 (Grayson, 2008)
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SMALL-SCALE GOLD MINING IN
YELE

Location of the Industrial dredge In Teye river
on 15 February 2018

e

Visited gold mining location

A Visited mining community

Figure5: Dredge operating under an exploration license in Teyeinvesbruary 2018

4.13.4 Mercuryreleases in soil, air and water

According to the estimates presentedhapter.9, it is estimated that in averag&@.1 kg of mercury

is released to environment dueaxisanalopeations in Kumaru and Baomahun. Furthermore, it is
alleged that675.8 kg of mercurycan be released in smaltale mining Based on the various
measurement carried out both in Kumaru and Baomahun, and the information on the mercury price,
the standardnercury:gold ratio of 1.3:1was adopted for this studs?

Table6: Example measurement carried out in Kumaru

Mercury Mercury Weight of Weight of sponge Weight of gold in
added recovered? amalgam gold (22K) 24K
29.820g 30.142¢g 0.375¢g 0.192¢g 0.176g

Based on théigures presented itable § it can be estimated for each kilogram of gold produced, a
kilogram of mercury is released to atmosphere. As described earlier, amalgamation is performed in

139 This standard estimate applies to concentrate amalgamation and is based on the work done by Kevindrelmer an
Marcello Veiga, (Telmer, 2009)

9 There is a clear error here, which can be due to the micro droplets of mercury being present in the pond where mercury
is happening. However, it also illustrates the fact that only a sraatidn of mercury is lost to land and water, and most

of it is released to atmosphere in the burning phase.
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sealed ponds preventing immee@iaeleases to land and water. Also due to the high price of mercury,
the miners typicallyhandle mercury carefully avoiding spilling to the ground. Therefore, the
following assumptioms maden order to establish mercury releases to land, water and atmosphere: 75
per cenbf the mercury is assumed to be released to atmosphere aed @&mnbf it is assumed to be
released to land (to water in the dredge).

Table7: Mercury releases to air, land and water. (Releases to land include possible releases to ground water, whereas direct releases
to rivers and water bodies are considered as releases to water.)

Type of mining  Mercury Air (kg) Water (kg) Land (kg)
released(kg)

artisanal 156.1 117.1 0 39.0

Small-scale 675.8 506.85 41.0 128.0

Total 831.9 623.95 41 167.0

It must be understood, that thigures given inTable 7are only indicative and only count the direct
release pathway#és stated by Kevin Telmer and Marcello Veigasignificant proportion of mercury
released to lant believed to be recleased to atmosphere later doeolatilization, but the rate of
this is notwell known#

4.13.5 Contaminated sites

The fate and transport of mercury is a complex topic on its own and to understand the release pathways
and contamination in Sierra Leone would require dedicated research being carried out on the topic.
Mercury amalgamate burning is known to create recadphézspots of mercury contamination with a
radius of approximatelpnekilometre as two per centof the emitted mercury isstimated to be
deposited back to landhaking it possible to detect mercury contamination by laboratory an&isis.

As use of chemicals artisanal minings not widespread in Sierra Leone, it is unlikelyat serious
land contaminatiorinas been caused byesent operationseyond the afady documented cases of
Kumaru andBaomahunThese two locations can be estatid as known mercury contaminated sites.
With reservations, the smaitale dredge operating in tfiayei Riverandpreviousmining activities

in the Pampana Rivehould also be mentioned, meaning thatbnstream sediments and water in
those riversare potentially contaminated by mercury.

The research tearhas heard accountsf historical mercury use irKampala and Masumbirie. In
Kampala, a smakcale operation with a dredgesmentionedo have used mercury in the operation
which ceased few years ago. Masumbirie someartisanalworkerscoming from Baomahurhad
been apparently using mercuryd@17for a short period of time, until the practice had been stopped
by authorities. Theseplaces should be considered as potential contaminated aitésfurther
investigation is needed folly establish them as contaminated sitése same fact applies to all places
where smatscale mining is currently conducted due to the alleged meresery u

141 (Telmer, 2009)
142 (Cordy, 2014)
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Eventually,soil samples should be taken and analysed in ordkstésminghe level of contamination

in known places, as well @s confirm the contamination in the potential sit€slt is a completely
another question what remedial actions camaken to mitigate the existingpntamination in these
places. Many of the traditional methods, including excavation and treatment, are not feasible due to
the high costs associated, and the research on most cost effesiivedctions are still on goind?

143 Using devices such as the portable mercury analyser LumeXiR®

144 The whitepaper from Marcello Veiga and Jennifer Hinton summarizes the key available techniques:
https://unites.ugam.ca/gmf/globalmercuryforum/files/articles/marcello_veiga/Minamata_Forum 200lae&¥ssed 3

April 2018.
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4.14 Health information

4.14.1 General health status of thartisanal miningommunities
The communities visited face significant health problems, resulting from the limited availability of

basic health infrastructure, including proper sanitation and clean water. Besiddhethisusig
conditions are typically bad in those areas as most houses have only a plastic roof covered with grass.
Pregnant women, lactating mothers and wider year oldwere consistently listed as vulnerable
groups. The following health complaints were freqlyententioned by workers of health clinics,
community leaderand other stakeholders:

Malaria

Diarrhoeaand vomiting

Intestinal worms among children

Skin infections

Sexually Transmigd Diseases (STDs)

Acute Respiratoryinfection (ARI), includingacuteammonia
Gastric issues
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Malaria was by far the most commonly mentioned health complaint, mentioned in every community
visited. According to health workers, a major cause for the wide spread of this disease is the lack of
proper huts that people in the communities visited live in, and it was mentioned to be especially
common among people living near water stream sources where mosquito ebdea vomiting

and intestinal worms among children were also frequently mesttjamhich is related to the limited
availability of proper sanitation in most areas visited. As a result, defecation is often done openly. It
was explained by local health workers that children, who usually play outside in the soil, may therefore
get affeted by bacteria which gives rise to these health complaints. Skin infections and skin rashes
were also common. In Mambiri, the lack of clean drinking water had brought cholera in the
community, which especially affected children. Measles among childee@ mentioned on several
occasions but were not listed to be frequent.

STDs were also frequently mentioned, including in particular GhonorreSypiiis. HIV was less
frequently mentioned. ARI was also mentioned frequently, and it was explained linwhadiers that

it may result in acute pneumonia, an inflammatory reaction in lung tissue that is normally caused by
an infection.n addition, gastric pains were mentioned, which concern pain or discomfort in the upper
abdomen. In relation to this, dysemtédiarrhoeawith blood) was also mentioned in one community

to haveoccur.Moreover, black flies were often mentioned as a health threat, and skin aches resulting
from their bites which were experienced by people living close to streams and rivershehaieeck

flies appearFurthermoreit was mentioned in Yele that tuberculosis was coming up, and typhoid fever
was also listed as a health complaint.

Finally, a general concern for health issues often mentioned is the late reporting of people who are

sick. One reason mentioned for this is the presence of traditional healers whom many people turn to in
the firstplace butmay then find out that they need more formally recognized health treatment. It was
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mentioned by health workers that they do interath wiaditional healers to coordinate the treatment
of different complaints and referrals to health clinics and hospitals.

4.14.2 Health impact®f artisanal miningctivities

Various health impacts resulting fraartisanal miningctivity have been listed by respondents during
the field study. The following are the main health impacts festisanal miningactivity on local
communities:

Drinking water has been contaminated by mining activity

Mosquitos have spread in mining areas

The release of acid vapours by gold traders

The release of mercury vapownsd releases to air, land and wditgminers (in some cases)

= =4 4 A

Many respondents have shared that water resources, in particular streams and rivers have beer
contaminated. In somellages they do not directly rely on it for drinking water as they use water
sachet but in other villages and especially in farms they rely on this polluted water. It has been
observed in many places that the water has changed colour and that the taffid#tywater has
increased. According to local authorities, this issue has been obseneelbng time since diamond

mining first started in th&920s but it keeps increasing throughout the years.

Another major issue is that the many mining pits Hratleft behind contain stagnant water, which
serve as a breeding groufm mosquitos. Those mosquitos spread malaria, especially among the
people living, working or playing close to tbeen pitsstreams and rivers. Those people especially
concern femig artisanalminers and the children who are accompanying them (and in a few cases,
working with them) arethe most vulnerable groups in the communities.

The next issues concern the release of acid vapours in residential areas. Virtually all gold traders
encountered in the field study use acid to remove impurities foloh With few exceptions, the

traders displayed no awareness of its health impacts $edhey did not wear angespiratory
protectionor took other protective measures. In fact, one trader even mentioned that he thinks that acid
does not affect them, because fAino one has die
effects arevisible: the use of acid had affected his finger which was bended in a strange way. These
findings support the perception that people with limited exposure to education and awareness raising
activities do not know of the health hazards resulting from damar chemicals until the effects
become visible.

As ha been discussed in Chapted2.2t her e are not many chil dren
artisanal miningsector, but there are many children livingamisanal mininggommunities andhey

have often been witnessed artisanal mining sites where they are selling foodstuffs or simply
accompanying their mothers who work there. For those children, it was mentioned that they often
have headaches, coughs &ekr. Finally, in two cases, it had been shared that babies had dalten
drowned in mining pits. A health worker frononkolili district also shared that tuberculosis is more
common in mining areas because they are often overcrowded. This was not mentioned by others.
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The following health complaints were mentioned to aeipularly common among miners:
Backpain, coughing

Cold and fever

Skin achesind rashes

Malaria

Dysentery

STDs

= =4 4 A4 -4 2

Most of the miners complain about backpain and muscle aches resulting from their hard work, and
cold, fever and coughing due to #sdendedime some miners spend in the water. For the same reason,
dysentery and pneumonia were also mentioned. With the presence of black flies, skin aches and skin
rashes were also often reported by miners, especially female miners who typically spend niore time
the water. In one case, also cholera was listed as a health threat resulting from contaminated water.
Malaria is also a health complaint often reporteditisanaiminers.

Besides the reported complaints, an important health issue to consideiskgmeiners face in terms

of occupational safety. Although most of theisanalminers operate in alluvial mines, miners
increasingly work in deep pits which may collapse. This is especially the case in for instance mine
sites around Dalakuru where thare very smaltylindricalshaped pit¢ 6 D abrihat run as deep as

ten meters. On a few occasions, for instandéumary where excavators have been used, there are
large holes in the mountain which may cause landslides and potentially kill mineragviorkilose
proximity to these holes.

Finally, an i mportant general i1issue to consi dt¢
has frequently been mentioned that those miners who are organized in mining gangs typically first
report to tkeir gang leader and that this person takes responsibility for ensuring that the miner gets
proper treatment. In other situations, it was mentioned that miners can take a long time to decide to
look for help, as they first need to find out who can finahcglpport the treatmermccording to the

nurse, the miners do not have any barriers to come, nor is any shame stopping them

4.14.3 Access to services such as hospitals, sanitation & clean water

Healthsites.ie the global health sitesnappingprojectmaintairs and updates a database on all health
carecentresn Sierra Leong® According to the most recent data, thareapproximately 1400 health
facilities in Sierra Leone including hospitals, health clinics and smaller health posts. When comparing
thelocations of these facilities to knovantisanal minindocations, it seems that most of the mger

have a health care facilityithin their reach (Average straighibe distance from a knowartisanal
mininglocation to a health facility is 3.2 km (0743 km). This analysis is also in line with the findings

of the field research, as only few of the vis

Most notable mining community without its own health care facility is Kumaru, where several
thousand miners need to travel fokilometresto nearby Mbaoma town to access health care.

15 hitps://healthsites.jData available dittps://data.hnumdata.org/dataset/si¢e@nehealthsites
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Furthermore, its unknown whether this facility in Mbaoma town can really welcome such a fush o
patients, as the mining population of Kumaru has increased rapidiyhevpast year.

ASGM and Access to Health
Care in Sierra Leone

Number of health care facilities: 1417
Average direct distance to health care: 3km

[] Districts
Chiefdoms

4® Known ASGM location

+ Health care facility
0 50 100 km
I 0000

Map: Juha Ronkainen, Environment Protection Agency 2018
Data: Global Healthsites Mapping Project

Figure6: artisanal miningand accesso health care

The health clinics are mainly concerned with delivering assistance with birth giving, supporting
pregnant women and examining their babies, and the immunization of children. They also perform
first aid treatment and minaurgeriesbut for complex operatits they need to refer people to
hospitals. The clinics visited laell significant capacity. The following aspects were most commonly
observed and mentioned by health workers to be lacking or to be in shortage:

1 Professional and trained staff

91 Standard deligry and examination beds

1 Delivery kits

91 Access to clean drinking water

1 Appropriate space and furniture for patients waiting for assistance
1 Basic equipment

1 Electricity

1 Accommodation for staff

1 Vehicles

Most of the clinicasveresmall buildings and only haugetween 310 staff members and potentially a
few volunteers, including a Community Health Officer vauperviseshe clinic. Tre numberof staff
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memberss very small when considering the local population and people ivisigrrounding villages
depending on their services. Indeed, it was mentioned in several clinics that sometimes patients who
are sick or wounded have to wait outside because the clinic is overcrowded by people in need of their
services. The clinics also laattrainedand qualifed staff and typically reéd on one professional

health expert. The average clinic onlydi#a4 beds and tthno vehicle in case people negdo be

brought to the nearest hospital (usually around 1.5 hours driving from the clinic).

In terms of drugs, #nclinics owneda variety of drugs but often face shortages, and when thay d

can take 13 months forthe supplyto arrive. Thesedrugs are usually given free to the identified
vulnerable groups, while other users have to pay for them. Most of thes aic have test kits for
Malaria and for some STDs, but not for all of them. Besides this, most health clinics visited lacked
basicinfrastructure such as electricity, clean water and proper sanitation. Lamscoimmodatiofor
staffwasalso mentionedn severabccasions

During visits toartisanal miningcommunities, the field team was able to witness some engineered
ventilated pit latrines (VIP), but in general most of the toilet facilities were traditional ones with a pit
surrounded by dried resdor privacy. In Kumaru, thergasa mining camp of several thousand people
next to the town where access to sanitati@s almost entireliacking4®

148 Open defecation was widely observed
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4.15 Access to financial and technical assistance and formalization

Formalization of thartisanal mining e ct or can be under st oanisarmls 1 a
mining stakeholders are legalized and organized in legitimate entities which represent their needs;
policies are implemented, monitored, and enfor@ed] thatartisanal miningstakeholders receive
technical, administrative, and fi nan%liinelidess up p «
legal, institutional, soci@conomic, ge@nvironmental and financial aspects, and remains a complex
process that governments struggle with worldwide.

In Sierra Leone,@me progress has been made in formalizing the sector, in particular in issuing licenses
to several gold miners, and a smaller portion of the existing gold dealers and exporters. Buinghen go
beyond such legaspects andomparing Chaptet.5legal and regulatory framework) @hapte.6
(Leadership and organizationartisanal miningt national and local leveJsChapte.7 (gold trade)

and other parts of this research report, it becomes clear thatiganal miningsector is informal at
virtually all different nodes of the gold value chain. This is further illustrated by the tremendous
contrast between official gold exports (127.79kg exported in 2017) and effective gold production
estimated in this study (951.2129.15kg estimated annyabduction)4®

As has already been mentioned, challenges to formalization are largely related to disincentives for
artisanal miningstakeholders to formalize, which are especially common among traders and exporters
(less so amonartisanaiminers). Such disincentives stem from the presence of more attractive taxation
regimes in other countries, a long and burdensome process of ofptgenses, high fees for EIAs
(among smaikcale miners), and a virtual lack of capacity building initiatives (further discussed in
subsequent paragraphs). Further disincentives for traders and exporters are disctisapttih.6.

At the same time, adiscussed irfChapterd.10, manyartisanalminers do want to formalize, but they

are often blocked by the increasing presencenwdllscalemining companies which may access the
land artisanalminers are working on, whether this is through formal or thinoimformal channels.
Indeed, itwasreported by #aramount Chighat the presence of exploration companiekimereased
informal artisanal miningactivity because they cannot get licensd®nthe company owns the land.

This also raises the questionather there is sufficient political will to formalize thgisanal mining
sector.

Besides this, when considering the institutional aspects of formalization, it is important to keep in mind
the capacity challenges that the regional NMA and EPA officeéschwboth constitute important
stakeholders in the formalization process, are faced with. Most pressingly, those challengesinclude
shortage of vehicles and motorbikes, human resources, scientific equipment, and technical expertise,
in particular about socieconomic and geological aspects of éingsanal miningector, among other

things. In addition to this, it has also been paihout by customary leaders that there are significant
overlaps in mandate between the EPA, NiiAd NPAA (NationaProtected Areas Authority) with
regards to the governance of @misanal miningsector, which make a transformation of the sector
more difiicult.

147De Haan, J.S., and Turn&, 2018 Handbook for Developintjlational ASGM Formalization Stratig within
National Action PlansGeneva, Switzerland: UNITAR & UN Environment. URiditps://www.unitar.org/cwm/mercusg

148 See chapter 4.3
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Despite the informal nature of the sector, it has become cleahaptes 4.5 and4.6 that the sector

is characterized by different forms of sedigulation, that there are waktablished norms between
different stakeholders involved in thecsor, and, most importantly, that the sector already makes
significant contributions to local development in its currently (largely) informal form. An important
area wherein the formalization of the sector can be improved, as was acknowledged by alftually

stakeholders interviewed, is in facilitatisgtisanalmines 6 access to for mal f
assistance.

Wor |l dwi de, the AGSM sectordés informality and &
perceive thartisanal miningector as a risky investment. This is compounded by the fact that a lack
of access to geological data makes it difficu
viability. In Sierra Leone, this situation is no different. During the fieldystand single miner was met

who receives formal financing. As documented in another study recently conducted in Sierra Leone,
local bankswith experience lending to small and medium enterprises (SMES) voiced a strong prejudice
against the ASM sect@nd cosidered it too risky*® Besides financial institutions, when considering

the activities of government agencies or NGOs, there equally seems to be no single initiative aimed at
providingartisanaiminers with access to finance.

This lack of access to forrhmeans of finance causastisanalminers to either finance themselves
(less typical), or to depend on the invest me
detailed inChapterd.6 (more typical). In cases where miners finance themselvestyibieglly use
personal capital diverted from other sources of income, often-so@é# general merchandise tresje

or from their f dimancihgy rdirsers sayvstilinenjsy. supoe Ifrbm external
Osupporterso.

In terms of technical assista)the research teamas notable to identify a single initiative that targets

the artisanalgold mining sector. Historically, projects that have targesetisanalmining in Sierra

Leone, have mainly targeted diamond mines. According to interviewedvgtaibers from NGOs,
this has to do with the fact that for |l ong, p
that this has only changed in more recent yedts the rapid increase in theternational gold price.

With regards to diamonds, \s&&al projects (mainly lead by NGOs) have focused on mitigating
environmental impacts from thartisanaldiamond mining sector and reclaiming land for local
communities after diamond mining, and other projects have focused on improving the effectiveness of
the Diamond Community Development Fund (DCDRyamtributing to local development.

To highlight the importance of technical assistance, ithmargued that thgradualexhaustion of
alluvial surface deposits is partly due to the ptemhniquesused byartisanalminers. Technical
assistances a relatively cheap optioto revive the sectoand worth testing, as viable alternative
livelihood options are noteadily avdiable Simple demonstrations could easily be organized by
professioml miners knowledgeable of these aspects.

149 (Hunter & Smith, 2017)
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Nevertheless, there have been several important sensitization activities carried out by government
agencies. For example, the NMA has engaged in several workshops and a former radio show to
sensitize ASM minerskeut mining laws, the importance of obtaining a mining license, as well as
adopting good mining practices and protecting occupational health and safety. The MMOs have also
reported to sensitize miners about the importance of obtaining a mining licehsg imteractions

with them. Finally, the EPA has conducted several sensitization activities about environmental issues
in whichartisanagold and diamond miners have bé&avolved, including on rehabilitation of the land

as well as the use of mercury.

Altogether, there have been some formsasdistancéo ASM miners,but they have typically not
targetedartisanaminers as a specific group. Moreover, they have mainly focused on the consequences
of their activities (e.g. environmental impacts) and cloanpe with the law, rather than on the root
causes underlying this lack of compliance, i.e. the lack of finance and technical skills and tools required
to improve their mining practices.
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5 Conclusions

This research report has analysed social, economic, geological, environmental and health aspects of
theartisanaland Smaliscale Gold MiningASGM) sector in Sierra Leone. The contents of this report
have important implications for the development ofNXlagional Action Plan (NAP), as well as other
projects and policy initiativesrgetingthe sector.

5.1 Importance of thartisanal miningector

First and foremost, this report has demonstrated thatrtisanal miningsector continues to provide

many yourgy people and single mothers in rural areas with economically viable livelihoods that enable
them to feed their families and to pay their childésthool fees. In the context of widespread poverty

and unemployment, especially among youth, as a&the anticipated population growth and the

social unresthe combination of thedactors may bring, these livelihoods hold invaluableaftisanal

miners and their families. Besides this, the sector injects cash into the local economy and creates a
market foragricultural outputs and other goods and services, thereby catalysing local development.

This reportestimateghat the currenartisanal miningsector employs over 80,000 mingfs who
produce gold worth over25,000,000USD by export value. These findings, even if uncertain, clearly
indicate the scale and importance of #neésanal miningsector for Sierra Leone. Indeed, this report
places the nationartisanal miningector among the most important extracteetsrs in Sierra Leone,
right next to weHacknowledged rutile and diamond production. The importance of gold mining is
further emphasizely the fact that there is hardly any other raw material which is sold for a price as
high as89 per cenbf the worldmarket price in rural Africa.

5.2 Challenges

At the same time, the sector has substantial environmental and health impacts. These include, most
pressingly, the contamination of water sources and the degradation of lands by mining pits which are
categoricdl not reclaimed after the mining activities end. These pits make the land unavailable for
farming activities, and further serve as a breeding ground for mosquitos in areas that are already
heavily affected by malaria. These concerns become increasingtytant as neasurface gold
deposits are rapidly declining and miners now have to go deeper to reach richer layers of ore.

In addition to this, the study has identified the wide use of acid for gold purification and a more limited
use of mercuryindeed artisanal gold miners have been estimated to use on atfagex mercury

annually and smallscale gold mining companies have been estimated to useaum&ximum of

676kg of mercury annually Both of these chemicals are used with little awareness of their
consequences, which puts | ocal communi tiesd h

The observed rapiddecline of nearsurface deposits sparks many fundamental questidilisng
and/or machine excavation couldyaably increase the productivity of the sector, making deeper
deposits more accessible, and increasing recovery even auntare mines. Should tregtisanal

10 The smalscale mining sector only employs approximately-200 miners
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mining sed¢or beproperly formalized, angdhould itbecome more mechaniZedf so, howcanthis
transformation be realizealithout alienating tens of thousands manual workers currently engaged in
artisanalmining, andthe hundreds of thousamthdirect dependen®sShould the transformation be
done by promoting smaficale miningunder the current legislative framewatthrough financial
incentivessuch as reducefllA fees or byreducing thgroductionrestrictions orartisanaimining?

Finally, itimportant to underscottée emergingChineserun illegal smaliscale miningsector. These
companiesdo not only cause a potentignvironmentalthreat with the used methods, including
mercury amalgamation, but their presence alsotributes tosocial unrest: The research team
observedsix smallscale operationsoperating without a proper licensand at least one violent
outbreak has already been recordsdsome of these companies direcperatein areasused by
artisanal minerscompetition over land causes tensiolismust be recognized tha continued
marginalization of thesartisanalminers i especiallyin Kumary where tensions are risirigmay
result in violent clashes between them and local authorities and/or gold extracting companies.

5.3 Recommendations

In order to identify entry points faxddressing the identified and interrelated issues in an effective
manner, it is necessary to appreciate how the sector funatigeractice Further research into the
sector is required, including in particular with regards to the ssgalke gold miningectorand its
mercury usewhich has not been the main focus of this study.

Related to thigit is important to note that the organization of gold production, trade and export deviates
significantly from the regulations that currently govern the seatat that the sector is indeed largely
informal at all nodes of the value chain. There are substantial barriers to formalization and in particular
with regards tgreventinggold smuggling, which includes among other things, the limited institutional
capady of regional NMA and EPA offices. Moreover, the trade of mercury is encapsulated in similar
informal trading networks that partly overlap with those of g@de Innovative efforts to formalizing

the sector, and an enhanced political will for doingase therefore a prerequisite for addressing the
raised issues in a meaningful and sustainable manner.

When considering the root causesadisanaimines 6 adopti on of wunsustai ne
their lack of compliance with laws, two issuesrtigalarly stand out: theidimited financial,
administrative and technical capacity, as well as their (related) desybd dependence on an
informal network of regional gold buyers. In this context, it is important to consider that at present,
there ae virtually no initiatives aimed at providing financial and technical assistanadisanal

mining stakeholders. Based dield observationsit is believed that provision of such assistance and
positive engagements witrtisanalminers could go a long way in addressing the identified negative
impacts of the sector. Beyond these issues, provision of such assistance and the formalization of th
artisanal miningsector serves as an opportunity to address wider development chatteatdasrra

Leone is currently faced witlas well ago empowenulnerablevomen and youth in the process.

In terms of improving mining practices, there are savelatively simple interventions that can have
significant impactslt can be argued that thapid declineof alluvial surface deposits is partly due to
the poor techniquem which ore is not crushed or milled, particle size confr@. sieving)is not
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applied and adjustment of the sluices is arbitrary. Introducing milling, teaching miners to use sieves
and adapting the sluices with good carpet materials, are cheap technical interventions worth testing.
Positive and empowering interventions can magpanied by awareness raising on mercury and acid
use, as well as on land reclamation. Comprehensive appsiadlechnical assistance and awareness
raising, which offer direct benefits (better recovery) to miners, are more likely to be well received by
mining communitiegnd sustainable on the long term

Women have historically pl ayadishnabminmngegtariaricary a n t

t he most responsibility in safeguarding thei
potentially take a leading role in promoting sustainable mining practices and protedimaltb&nd
environment in their communities. In terms larebchdation, efforts should focus on rehabilitating
mined lands, and should include both government, chiefdom authorities, local communities and
artisanaminers in the process. This complex issue has been examined in detail in the recent Strategic
Environnmental Assessment (SEA) report, and practical recommendations have been made, including
cost estimations. This report with its recommendations should be taken into accotm in
development of the NAP.

Theartisanal miningector is currently largelyontrolled by foreign gold buyers, who bkgally and

illicitty fi nanci ng mi ni ng activities and enabl ing
contributions to local and national development. Formalization of the sector can adtipeeshese

isstes by reasserting national ownership of the sector. Central to discussions about formalization of
the sector should be the question of how the
be invigorated, to ensure that those impacts become taongible for local communities and the
national economy. In this respect, lessons should be drawn from the diamond sector and the DCDF. In
addition, formalization efforts should concentrate on identifying and develapoentivesfor
artisanal miningstaleholders to formalize. Potential options include decreasing the costs of
compliance, provision of services and financial incentives, provision of geological data and reservation
of land forartisanalminers, and regional harmonization of the tax regime.

Finally, efforts aimed at formalizing the sector further present an opportunity for the government to
engage youth in mulstakeholder dialogues about how the sector can be better governed. Such an
approach can further serve to build trust between gowarhand youth in the process and could help

to prevent an escalation of conflict in volatile areas sudkuasaru However, before formalization
efforts are further pursued, the development potentihleartisanal miningectoffirst hasto be more
formally recognized andhcludedin the National Poverty Reduction Strategy and similar policy
documents.
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Annex 1: Desk review and analysis of the research topics

The national overview of thartisanal miningsector covers a long list of topiés- all of them
important in and of themselves. In order to develop a methodology for research on sucheagiite

set of topics, for the purpose of tA&GM sector Overview in Sierra Leone each of them has been
examined in detail, to better understamalv it contributes to the final NAP?2 Furthermore, the
existing literature has been scoped to consolidate already available information and to understand the
data gaps. In this context, the relative importance of each research topic is indicated byb#reofium
relevant NAP components. Based on the nature of the topic, the most relevant approach to data
collection has also been proposed. The research topics are grouped under the four dominant researcl
themes.

Table8: Policy, reglatory, and institutional framework;

1. What is the institutional and legal framework of thartisanal miningsector?

Topic Relevant NAP Approach to date Notes on implementation in Sierra Leone
componerif3 collection

Legal and regulatory 3:(c), (), (9) Desk review Done separately by a consultant

status of  artisanal

mining;

Policies surrounding 3: (c), (f), (9) Desk review Done separately by a consultant

artisanal mining

Previous experiences in 6: (c), (f), (g), Desk reviewt>* Interviews with EPA and NMA in
addressing artisanal = (i), (j), (k) Key informant Freetown on 188 January 2018
mining; interviews

Information gaps and 1:(Q) Key informant Interviews with EPA and NMA in
perception of information interviews Freetown on 1488 January 2018

at the local andnational
scale that can be
addressed

151 The coverage of topics in the national overview of the artisanal mining sector are gi&E®, 2015: 20). Note: As

this work wascarried out before thmore streamlined list dbpics was made availablthis listing slightly differs from

the one eventually followed in the research report. The present suggested list of research topics can be found at
http://webunep.org/chemicalsandwaste/retprterkit.

152 Regardless of the approach to data collection, the final overview will contain examination of each research topic.

153 Components of the NAP are given in the Minamata Convention (Annex C), and they argedsedilier in this report.

154 (Maconachie & Hilson2011)addresses experiences on regulating and formalizing artisanal mining in Sierra Leone.

1
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Table9: Socieeconomic aspects

2. Who are the people involved in thartisanal miningsector?

Topic Relevant NAP Approach to date Notes
Component collection
Size of the formal and 4: (c), (f), (i), Desk revieWw® Interviews with EPA and NMA in
informal artisanal mining = (k) Mining community Freetown on 14.8 January 2018.
economy; surveys;
Key-informant
interviews;
Remote sensing;
Economics, such as earning: 3: (a), (e), () = Desk review®’ Key-informant interviews with EPA anq
per capita, mercury supply, Mining sites surveys NMA in Freetown on 188 January
use and demand, information 1 mercury 2018.
on gold trade and export, supply®8:
cost of living, access tc 1 earnings per
finance for miners, social capita;
welfare options for miners Key-Informant
and their communities; T
1 mercury
supply
Information about access to 2: (h), (i) Desk review’®: Mapping of schools and health ca
basic education, health care Mining community centres in Sierra Leone. Comparison
and other services in surveys; this data with the information on th
mining communities; locations of mining communities using
GIS software.
Information about access to 1: (e) Desk reviews?, Interviews with EPA and NMA in
technical assistance Key-informant Freetown on 189 January 2018.
for miners; interviews;
Mining community
surveys;
Leadership and organization 6: (c), (f), (g), Desk reviews:, Leadership and organization aftisanal
of artisanal mining at (i), (j), (K Mining community mining is probably the most wel
national and locallevels; surveys; recorded topic, as it is typically alway
covered attempts do research in |
country.

155 Estimated total artisanal mining population: 437,0®8ccatore, Veiga, @liasso, Marin, & Tomi, 20149r 200,000
400,000(World Bank/COWI, 2016)

156 The National Minerals Agency (NMA) has an online repository and map of the activessaallmining licenses in
Sierra Leonelttps://sierraleone.revenuedev.ordd the time of this writing it only@ntains a record of three active small
scale licenses. There are no records of artisanal licenses in the repository.

157 Access to finance and gold trade are very well covergtibygter & Smith, 2017)

B8R 1t i s hthetmerkunydontireseicountries [e.g. Sierra Leone] is imported via thestalilished routes from
Ghana and Togo, or the mercury is il |l eg&WNofldBank,ra@le:60).ed di
19 Data sets on locations of saie and health care centres are availabletat:/data.humdata.org/groupl/sle

180 (Hunter & Smith, 2017: 6)

181 (Hunter & Smith, 2017: 5), (Cartier & Blrge, 2011), (Villegas, 2013: 20)



https://sierraleone.revenuedev.org/)
https://data.humdata.org/group/sle

Structure of the artisanal 6: (c), (f), (g), Desk reviewt? The cited resource stands as a g«

mining sector (i.e., single (i), (j), (k) Mining community resource regarding the organization
family miners, community surveys miners in Sierra Leone. Some furth
mines, etc.); data is cdected in Mining community

surveys as well.

Tablel0: Technical and environmental aspects

How do artisanal and smallscale miners work?

Topic Relevant NAP Approach to date Notes

Component collection
Information on mining  6: (a), (b), (c), Desk reviewWs, Is there actually hardock artisanal
practices, including  (e), (i), (k) Mining community mining activities beyond Baomahu
information on ore bodies surveys; area?

exploited, processes usec
the amount of mercury

used

The number of people 5: (c), (f), (h), Desk reviews This is one of the key baseline questic

directly involved in (i), (k) Key-stakeholder and relates also to the possible reduct

artisanal mining  and interviews; targets set by the government.

indirectly  exposed  to Mining community

mercury (disaggregated by surveys;

gender andage) Remote sensing;

Information on  gold 6: (a), (b), (c), Desk reviewss, The limited use of mercury was furth

processing practices/burn (e), (i), (K Mining community confirmed by the NMA official on &

off of mercury in gold surveys; personal communication on 5 Octok

processing shops or 2018. However, EPA has indicated tt

community retorts; even 50per centof the gold is produce
with  mercury (World Bank/COWI,
2016)

Geographic distribution of 6: (e), (f), (g), Desk review66167 Interviews with EPA and NMA in

artisanal mining, including (h), (i), (j) Key-informant Freetown on 189 January 2018.

potential future areas of interviews; To what extend doeartisanaland smakl

exploitation; Mining community scale miners have access to clg

surveys; profitable licence areas?

Remote sensing;

162 (Cartier &Biirge, 2011: 1087)

163 The extensive alluvial mining is recorded (@artier & Birge, 2011)Furthermore, the already recorded articles on
geology can be used.

164 Estimated total artisanal mining population: 437,086ccatore, Veiga, Origliasso, Marin, & Tomi, 2004200,000
400,000(World Bank/COWI, 2016)

1651n the Kangari Hills area, as in most other gptdducing areas of Sierra Leone, mercurg ayanide are not used for
amalgamation(Cartier & Burge, 20111087%).

166 | ocations of mining sites available @aconachie & Hilson, 2011) and (Hunter & Smith, 2017). Future areas of
exploitation can be done based on the bedrock geology (Warnsloh, 20higji, 1983)(Williams, 1978), (Patrick &
Forward, 2005), (Lebbie, 2016), (Barrie & Touret, 1999), (Davies, Friedrich, & Wiechowski, 1989) and (Jalloh, Sasaki,
Thomas, & Jalloh, 2013)

187 (Maconachie & Hilson2011) examines the importance of equal treattnef artisanal miningand largescale mining
companies, when mineral rights are allocated.



Information on the location = 2: (e), (i)
and demographics  of
artisanal

minersthat operate
without the use of mercury
and the techniques that

they use

Known information on 5: (a), (e), (h),
mercury level of the (i), (j)
environmental media (as a

baseline data), overall

environmental impacts,

contaminated stes,

mercury releasesn soil, air
and water, including
distribution relative to
population centres.

Tablell: Health aspects

Desk reviews®,
Key-informant

The locations for alluvial mining ar
relatively welkknown.

interviews;
Mining community Interviews with EPA and NMA in
surveys; Freetown on 189 January 2018.

Desk review?® Baseline information on mercury leve

9 distribution of inthe enviromental is not available.
releases
relative to
population
centres.
Mining community
surveys;

Information on

1 environmental
impacts;
mercury
releases;
distribution of
releases
relative
population
centres.

to

What are the health and environmental impacts oartisanal mining?

Relevant NAP
Component

Information on mercury @ 5:(e), (h), (i), (i),

exposure, through various (k)

media, and studies on

impacts in artisanal

mining communities and

downstream

communities;

Topic

168 (Cartier & Burge, 2011)

Approach to date Notes

collection

Desk review’® Some topics listed under soei
Key-stakeholder economic theme clearly contribute
interviews, and overlap with health aspects.
Mining community

surveys;

169 Spatial data sets on population density in Sierra Leone can be foltigsr/datehumdata.org/group/sle
170 (Maconachie & Hilson2011) lists several studies done in other African countries on heal#maindnmental impacts.
However, there is nothing on Sierra Leone directly.
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7 Annex 2: Strategy for the mining community surveys

7.1 Background
The selection of the sites is based on the preliminary data collection carried out by EPA. Detailed remarks can
be found annexed to this document. National Minerals Agency was also consulted regarding the travel plan.

The most important research questiavhere statistically representative sample is important relates to the
NEIljdzZA NSYSyid G2 AyOfdzRS Wol aStAyS SaldAayrisSa 2F GKS
direct requirement set in the Minamata Convention, this baseline mustdtebéshed in a robust manner.
Because of that, two groups have been formed when selecting the communities to be visited.

a) Mining communities where mercury is used; and
b) Mining communities where mercury is not used,

A mining community is selected ap@mary unit for the survey, as it is often very difficult to distinct different
32t R YAYAY3A WarldSaqQszr SalLlSOAY Fdréxamplg She Badmahunyhiningh &
community in Valunia district is surrounded by approximately 70 hectaresirong activity, where it would

0S RAFTFAOdA O (2 alé& 6KSNBE R2Sa 2yS waridsSQ adl NI |

7.2 Communities where mercury is used

Due to the geological conditions, the gold mining in Sierra Leone is mainly alluvial in nature and therefore the
use of mercay seems to be limited. Based on the preliminary data collected, the following communities where
identified or suspected to be using mercury: Laminaya, Kamigias,imbirie Maranda and Baomahun.

In these communities, a representative sample of miningigsoare to be examined, in order to establish the
baseline estimates of mercury use, gold production and work f&fce line with that, the indepth case
d0dzRASEa IINB F20dzaSR 2y YSNODdzNE NBfIFGISR |aLlsoidaz
alternative methods.

Name of Mercury ; Numbers | Extraction | Organization Further remarks
: Licensed .
Community used of miners type Structure
. Formal
Primary roups/
(hard-rock) I%formal
Yes/No Yes/No or rouDS/
Secondary _group
. individual
(alluvial) .
miners
Laminaya Doubt ves Xy T Seco.ndary Mixed G_rawtatlonal using sluice
(alluvial) with carpets
Kampala Doubt ves X LU T Seco.ndary Mixed G_rawtatlonal using sluice
(alluvial) with carpets
Masumbirie Doubt Yes >1000 Both Mixed Gnnd_mg, sluicing and
panning
Maranda Doubt yes >1000 Primary Mixed Grmo!lng, sluicing and
panning

171 Alluvial gold mining refers to mining on secondary gold deposits, where gold is distributed on soft surface soil by
erosive processes over time. Often such ore contains visildengggets or flakes which are relatively easy to extract
using only simple methods such as sluicing and panning. Howevéveam, AngelociSantos, & Meech, 2014: 356)

point out, even secondary gold mining would significantly benefit from using mfaretieé tools for concentrating the

ore, such as a ball mill.

172 For example: If there are 100 mining groups in the community, the study performed with confidence level of 95 per
cent and confidence interval of 15 per cent would require examining 30 ngiraugs.



Baomahun

Yes

Yes

>1000

Both

Mixed

Manual crushing, sluicing
panning and
amalgamation.

Tablel2: The selected communities where mercury is known or suspected to be used

7.3 Communities where mercury is not used

The list ocommunities to be visited where mercury is not used contains the main known gold mining areas in

Sierra Leone, and is representative in terms of size, organizational structure and extraction type. The list also
contains the only operating licensed smsdhle gold mine in Sierra Leone located in Makonie. The selected

list is long and extensive, but it allows the research team effectively to validate the claimed limited mercury

use173

Tablel3: Selected communities where mercury is not known to bellbsed

Name of Mercury ; Numbers | Extraction | Organization | Further remarks
: Licensed ;
Community | used of miners | type Structure
. Formal
Primary roups/
IR Ignformal
Yes/No Yes/No or rouDS/
Secondary group
. individual
(alluvial) .
miners
Informal Crushing & grinding with
Kathanthan| No Yes >1000 Both mortars; gravitational using
groups . :
sluices with carpets
Crushing & grinding with
Kassasie No Yes X p Tt T Both Mixed mortars; gravitational using
sluices with carpets
Makonie No No X Sgc;ondary Individual The only act'|ve !lcensed small
(tailings) scale gold mine is here
Dalakuru No Yes p tt 11 Secondary | Mixed Gravitational & panning
" - —
Yele No Yes >1000 Secondary | Mixed D|V|ng( ?), sluice grawtatlon,
panning, & burnt in papers (?)
Not Not Not Visit to Makong was suggested
Makong Known Known Known Not known | Not known by NMA
Use of excavators. Mechanical
Komao | No No >1000 Both Mixed Cr_ushlng_ of rf)cks; gravnanonal
(Kumaru} using sluices; panning, Cleaneg
with acid by buyer¢Borax?)
. Gravitation; panning and
Wydallah No Yes >1000 Secondary | Mixed separated with steel (?)
. Gravitation; panning and
Tefeyah No Yes >1000 Secondary | Mixed separated with steel (?)

173 None of the requirements for artisanal mining set in the Minamata Convention are not applicable to artisanal mining
without mercury use. (Minamata Convention: Article 7.1).
74 paramount chief to be consultegtensively prior to accessing thbemmunitydue to the slight security concern.
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7.4 Travel Plan

The current plan contains 8 locations and 14 mining communities, with maximum of two locations per each
week. The plan covers all the major mining communities ircthmtry ands not vulnerable to the unexpected
obstacles faced during the research: Thwalf count of communities will be betweenl8 communities
depending on the realities at the ground level. For example, the plan allows a brief scoping visit to Kassasie,
even if the main focus would be Kathantan, as the mining sites are within walkiagatifrom each other.

The same applies to most of titemmunity pairs to beisited.

DetailedAgenda

The following agenda has been prepared whildicipatingunexpectedchanges
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Figure7: Travel plan and base camp locations



Tablel4: Field research agenda

Monday Tuesday Wednesday | Thursday Friday Saturday Sunda
y
North-Western Region
22- | Travel: Field researcl Field Travel: Research  a] Research  aj Travel:
28 Freetown at Kathantan| research at| Kamakwie Laminaya and Laminaya and Lamin
Jan | Kamakwie and Kassasie| Kathantan Laminaya Kampala Kampala aya ¢
(5h) and Kassasie (5h) Kabala
(Research a (Research a (8h)
Kamakwie) Laminaya
and
Kampala)
Base Kamakwie(B) Laminaya (C) Kabala
(D)
Northern Region
29 Rest Kabala Field Field Travel: Field research Field
Jan Dalakuru (5h | research at research at Dalakuru at Masumbirie | resear
4 Dalakuru Dalakuru Magburaka andMaranda | ch at
Feb and and Makonie| (8h) Masu
Makonie!"® mbirie
and
Maran
da
Research a|
Dalakuru
Base Kabala (D) Dalakuru (E) Magburaka (F)
Eastern Region Northern Region
5-11 | Travel: Field researcl] Field Field Field research Travel: Koidu| Rest
Feb | Magburaka | at Kumaru research at research atl at Wydallah| Yele (5h)
Koidu (3h) Kumaru Wydallah and Tefeyah
Rest and Tefeyah
Base Koidu (G) Yele (H)
Northern Region Southern Region
12- | Research a| Research a] Research a| Research a| Research aj Travel: Be
18 Yele and| Yele and| Yele and| Baomahun | Baomahun Freetown (3h)
Feb | Makong Makong Makong
Travel: Yele
Bo (3h)
Base| Yele (H) Bo (I)

18The only operating smaticale mine is located in Makonie: Dojo enterprises international SL




8 Annex 3: On Research Methodologies

8.1 Quantitative Methods

Quantitative data is data expressing a certain quantity, amount or range. Usually, there are
measurement units associated with the data, e.g. metres, in the case oftthefteemerson. It makes
sense to set boundary limits to such data, and it is also meaningful to apply arithmetic operations to
the datat’’

There is very little reliable quantitative dataamisanal miningvorld-wide, and many estimates are
purely based on modelling, rather than primary field data. One of the exciting opportunities of this
study, was to produce a country level estimates on gold production, size aftifamal mining
population and mercuryise, among other thing® These estimates will further improve our
understanding on the subject at the global level, but they will also serve as a basis for implementing
the national action plan. Specifically, a quantitative estimate of mercury consarigpta explicit
requirement of a NAP"®

The main methodology followed for quantitative research is developed bwartisanal Gold
Council'® According to the methodology, the national quantitative baseline estimates on gold
production, mercury use aradtisanal miningworkforce are established by extrapolating regional
estimates from the data collected from the mining communities. Acquired data is validated by
triangulation, i.e. approaching the same research question from various indirect approaches and
comparing the results.

17 Economic Commissiofor Europe of the United Nations (UNECE), "Glossary of Terms on Statistical Data Editing",
Conference of European Statisticians Methodological material, Geneva, 2000.

These three quantitative aspects are often referred a
179 Minamata Convention, Article 7: Annex C

BCO6Neill & Telmer, 2017)
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In reality, as mercury was not used in the majority of the mining communities visiteds aome of

the visits lasted merely hours, a much more rapid and stfaighard approach was many times
deployed as described in the recent publication by Levin Resofitdeshis method, information on

gold production and workforce, is simply askeahfi the miners and this data is later on compared and
validated with the information received from gold traders. It can be argued that the method developed
by Levin Resources is significantly lesertain buttaking into consideration the limited amount of

time available for the field research, small team size, and thessidsf other topics to be covered, it

was thought to be the only feasible approach available in many communities.

8.2 Qualitative Methods

Qualitative data is data describing the attributes or properties that an object possesses. The properties
are categorized into classes that may be assigned numeric values. However, there is no significance
to the data values themselves, they simply repteg@ributes of the object concern&d.

In order to successfully implement the National Action Plan, descriptive, qualitative data on mining
communities and miners was also needed. The qualitative data collected falls into three categories:
1) Generalizable data on mining practices and environmental impacts collected by observation
and interviews.
2) Preliminary geological survey.
3) More subtle data acquired by-depth interviews to prepare case studies on delicate aspects,
such as attitudes onrfoalization and access to alternative livelihoods.

181 (Hunter & Smith, 2017)
182 Economic Commission for Europe of the United Nations (UNECE), "Glossary of Terms on Statistical Data Editing",

Conference oEuropean Statisticians Methodological material, Geneva, 2000.



The methodology developed by tlagtisanalGold Council was followed when collecting more
generalizable data. Preliminary geological survey was carried out by an expert geologist participating
in the regarch. The objective was to make a prelimirarglysis of the ore bodies, which is necessary

for any technical interventions in the future. For example, gold is often associated with sulfide minerals
(e.g. pyrite arsenopyrite, galena), but their presane&es it more difficult to liberate gol8®
Furthermore, in this study a preliminary analysis was carried out to create a link between the geological
conditions and the mining methods used by local miners. This work is complemented with the desk
analysis using geological maps made available byoNatiMinerals Agency. The geological research
report is attached entirely as an annex to this report.

A thorough environmental impact assessment is beyond this study but, as af@@d,iet al., 2016)

people living n the mining area have remarkably accurate understanding on the pollution of their
environment: Therefore, interviews on aspects such as water quality and deforestation are used to
indicate environmental impact of mining in the focus area. Land degradatthsturbance was also
photographed by an Aerial Unmanned Vehicle (dy@mellocated using a GPS device.

The goal of most qualitative studies is not to generalize but rather to provide a rich, contextualized
understanding of some aspect of human é&pee through the intensive study of particular ca8és

Research, where the goal [ * ) — a riec
under st anattsanay dnining was done using a
methodology developed by UNITAR® This methodology
provides means to analyse and collect data in order to |
more nuanced understanding oarigus topics, such as th
organization of theartisanal miningat local levels. For
example, even if there is no formal structure in place, hurn
beings tend to organize themselves in some manner or anc
Simple observations, or direct questions aterofot sufficient
to gain such information and more delicate means are nee€
The UNITAR methodology describes a research methodolc
where participatory senstructured irdepth interviews andFigure& Cyclical nature of the qualitative
group discussions are recorded and coded in order to &eresearch in the UNITAR methodology
emerging themes under each research topic.

8.3 Geospatial Methods

Geospatial methods turned out to be more useful than expected in this study, especially when it comes
to extrapolation community level quantitative findings into couigrel estimates, asell as when
estimation environmental impact. The geospatial methodology is explained here in detail, as it was
tailor made for this study.

183 (Veiga M. M., 2006: 9)
184 (Mayring, 2007)
185 (UNITAR, 2017)



8.3.1 Collected Data

Based on preliminary visits to the provinces, 35 mining communities were originally identifiad, wit
indicated total mining population of over 13,000. Out of those identified communities, 15 were selected
in consultation with NMA and EPA for field visit$able 15 contains a summary of some quantitative
data collected.

Tablel5: Summary statistics of the communities visited (including only sites which were visited)

Community = Work force Yearly Gold production in 24k Value (USD) Area Extrapolation
(ka) Type
min max mean min max mean mean hect.

Kathanta 30.00 100.00 @ 60.00 0.35 0.71 0.53 16,380.00 1.38 AMGB

Laminaya = 405.00 610.00 507.50 5.47 17.91 11.69 382,590.00 13.81 AM

Kampala 210.00 320.00 @ 265.00 @4.31 11.11 7.71 238,680.00 7.24 AM

Dalakuru 9.00 25.00 16.00 0.26 0.44 0.35 13,346.67 0.36 AMGB

Dalakuru 28.00 35.00 31.50 1.26 3.77 251 96,096.00 0.30 AMGB

Dalakuru 30.00 36.00 33.00 1.80 5.41 3.61 137,966.40 0.17 AMGB

Dalakuru 50.00 75.00 62.50 6.01 22.54 14.27 546,117.00 0.10 AMGB

Masumbirie = 32.00 60.00 45.00 5.24 13.92 9.58 328,536.00 1.35 HRGB

Masumbirie = 12.00 12.00 12.00 0.54 0.81 0.67 19,413.33 0.59 AMGB

Masumbirie = 50.00 80.00 65.00 3.25 5.41 4.33 140,400.00 7.40 AMGB

Maranda 15.00 25.00 20.00 2.12 4.59 3.36 111,150.00 2.72 HRGB

Kumaru 1163 6656 3909 10.92 650.87 | 330.90 11,618,755.20 44.78 MixedGB

Makong 64.00 144.00 | 104.00 5.10 5.73 5.41 198,016.00 131 Mixed

Baomahun = 40.00 105.00 @ 69.00 3.51 14.74 9.13 243,360.00 4.97 HRGB

Yele 56.00 70.00 63.00 0.88 4.08 2.48 90,135.50 1.71 AM

Wydallah 0.00 0.00 0.00 2.00 2.00 2.00 72,800.00 n/a By production

Baoma 12.00 12.00 12.00 0.08 0.20 0.14 5,096.00 n/a Panning and

Station diving

Yele 6.00 6.00 6.00 0.05 0.05 0.05 1,820.00 n/a Panning and
diving

Makonie 8.00 8.00 8.00 44.85 89.70 67.28 2,574,000.00 n/a SmallScale

Yele 7.00 7.00 7.00 115,50 115,50 115,50  4,200,000.00 n/a Smaliscale

To be able to extrapolate the digeel statistics into something meaningful at the national scale, the
following severdistinctive classes were established
1 Alluvial mining on greenstone belts (AMGB)
Alluvial mining outside greenstone belts (AM)
Hardrock mining (HR)
Hard rock mining on greenstone belts (HRGB)
By-production (in alluvial diamond mining)
Panning and diving in rivers
Smalkscale mining

=2 =4 =4 4 A 4



8.3.2 Analysis
After this, a simple analysis of results was conducted to characterize each different kimingf

method. Specifically, to extrapolate site level statistics into something meaningful at the national level,
average gold production and workforce per hectare was calculated for mining styles AM, AMGB and
HRGB.

Tablel6: Summary of site level statistics and areas

MinelD Location Area Average Average Gold Extrapolation Type
Workforce production
(24K)
hect /hect /hect
ASGM867 Laminaya 13.81 36.75 0.85 AM
ASGM40 Kampala 7.24 36.60 1.06 AM
ASGM956 Yele 1.71 36.84 1.45 AM
Averages 36.73 1.12 AM
ASGM139 Kathanta 1.38 43.48 0.38 AMGB
ASGM852 Dalakuru 0.36 44.44 0.97 AMGB
ASGM415 Dalakuru 0.30 105.00 8.37 AMGB
ASGM13 Dalakuru 0.17 194.12 21.21 AMGB
ASGM721 Dalakuru 0.10 69.36 5.44 AMGB
ASGM410 Masumbirie 0.59 20.34 1.14 AMGB
ASGM998 Masumbirie 7.40 8.78 0.59 AMGB
Averages 69.36 5.44 AMGB
ASGM940 Masumbirie 1.35 33.33 7.10 HRGB
ASGM556 Maranda 2.72 7.35 1.23 HRGB
ASGM641 Baomahun 4.97 13.88 1.84 HRGB
Averages 18.19 3.39 HRBG
ASGM897 Makong 131 79.39 4.13 Mixed
ASGM87 Kumaru 44.78 87.30 7.39 MixedGB
Averages n/a n/a n/a

8.3.3 Raw spatiadlata sets
For this research, exhaustive data sets from NMA were made available. These 126,872 records were

exported XMLfiles from a relational database, and they were imported and queried using the QGIS
software.

Tablel7: Data received from NMA

Type of data Number of records  Years Minerals
All artisanal 11,613 20002018 All
applications

All licenses 3,381 20002018 All

All locations (GIS) 35,073 20002018 All

All minerals sought 11,529 20062018 All

All payments 65,276 20002018 All

Total 126,872 20002018 All



All spatial records were matched with data on type of minerals, dates and types of actions recorded,
based on unique application IDs. As it was already known that the number ofaatitiaealicenses
doesndt r ep abimdicatve tataewmcensidetedrelevant for understanding the scale of
sector. The data contained unique spatial data points on records of 23 different activities:

Tablel8: Recordf different activities

Records of different activities

IncomeTax(SAF) FinancialSupporterCertifcate NRAFee(IncomeTaxGold&Dai
mond)

MonitoringFee MinesManagerCertificate MinesSupportersCertificate

PrimaryLicenseFee FinancialSupporterCertificate RenewalApplFee

DemarcationFee RenewalLicenseFee Other

MineralsSalesCard OLD- Royalty
NRAFee(IncomeTax)Gold

RehabilitationFee OLD- Re-activate
NRAFee(IncomeTax)Coltan

ApplicationFee AnnualPayment Renewal

Surface&DevelopmentFee  RecordFormC10

This data wasurther classified into three categories as follokig\ire47):
A. All records orartisanal minindgetween 200@018: 35,839 records
B. All records omartisanalgold mining between 20688018: 4171 records
C. All records omartisanalgold and diamond mining 2042018: 3794 records
D. All records orartisanalgold mining 20172018: 684 records
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Figure47: Categorization of individual spatial records

8.3.4 Manual demarcation drtisanal miningireas

After this, all 684 records cartisanalgold mining between 2037018 were individually checked using
satellite images. This was easier than it sounds, as these spatial data points occur naturally in clusters a
can be seen iRigure47D. After screeninghe area using Google maps, the mining activity in the area
was verified using Sentin@f®’ satellite images on two dates 1 January 2017 and 28 February 2018
(Figure47A-B). Then the active area was demarked manuBlu(e47C). The same algorithm was
performed to all clusters of 684 recordsadisanalgold mining. Based on this analysis 135 individual
mining areas occupying a total of 600 hectares of land was identified, mostly based on footmark left by
deforestation as tHand must be cleared for mining. Finally, these 135 individual gold mining locations

were further classified into four categories:
Tablel9: Classification of remotely sensed mining sites

Classification Explanation
Alluvial mining on greenstone belts (AMGB) 1 Visual marks in satellite images?

91 Spatial relation to the greenstone belts
Alluvial mining outside greenstone belts (AM) 1 Visual marks in satellite imagery

Hard rock mining (HR) outside greenstone 1 Visual marks in satellite imagery,
belts Relative elevation in comparison to tt
average elevation of the aré&®
Visual marks in satellite imagery,
(HRGB) 1 Relative elevation in comparison to tt
average elevation of the aze
9 Spatial relation to the greenstone belts

=

Hard rock mining on greenstone belts

=a

BESAG6s Senisdion comsists of two satellites (Senti@dl and SentinelB), providing frequent, free multispectral
imagery on earthttps://www.esa.int/Our_Activities/Obsergnthe Earth/Copernicus/Overview4

188 Alluvial open pit mining is easy to detect, as can be seen in Figui 8A

189 Mining locations with high relative elevation compared to that of the surrounding area, were assumed todm hard
mining sites.



https://www.esa.int/Our_Activities/Observing_the_Earth/Copernicus/Overview4

8.3.5 Algorithmic demarcation @frtisanal
miningareas

Finally, a completely algorithmic demarcatig
process was performed to identify likely ared
where artisanal mining mining might be
happening (as the previous process assume
mining is happening in visibly static areas).
this method, each of 4171 afal records of
artisanalgold mining between 2062018 was
enhanced with a hadn-hectare circular buffer,
as it were representing a licensadisanal
mining area.

Figure48: High-definition aerial photo taken in Baoma Station

These 417Xircular buffers formed a total o
832 clusters, when intersecting features were

disseminatedKigure 52D). Finally, the mining type (AM, AMGB, HR, HRGB) of each area was
adopted algorithmically from the nearest manually demarked Bigiar¢ 52C).2°° By this method, a

total of 832 mining areas were detected, occupying a total of 1147 hectare of land. The total area
demarked by algorithmic demarcation process, serves as an indication ocengpestimates on
artisanal miningopulation and gold prodtion for mining types AM, AMGB, HR and HRGB.

8.3.6 Demarcation ofrtisanal miningreas of byproduction and river panning
Finally, a similar algorithmic method as described earlier revealed, 56 hectares of likely diamond mining

areas on greenstone belt ases@here byproduction of gold is assumed to occur. This was done by using
recent (20172018) spatial records on diamond mining locations occurring on greenstone belts, where
gold can be expected to be found along with diamadrtusworkforce was calculataising the estimate

for the mining type AMGB (69.36/hectare), resulting a tetstimateof 3910 people working in by
production. There was no data enough to calculate estimates for gold production in these places, though

Analysing highresolution aedl photos taken in Baoma Station and Yele, revealed that approximately
48 gold panners and divers can be assumed to occugglametre of river in the vicinity of mining

area Figure51). There is approximately 11,000km of known rivers and str€ainsSierra Leone, and

the likely areas for panning and diving were defined with a simple spatial method:

190 For exampe, as area ifrigure 8C, was manually classified being alluvial mining (AM), all areas in Figure 8D were also
assigned with the same classification.
%1 Data: Open Street Maptfps://www.openstreetmap.grg



https://www.openstreetmap.org/

Figure49: A: Spatial data records seen on Sentthshtellite image on 1 January 2017. B: Sen@rstellite image on 28 February

2018. C: Activartisanal miningactivity area demarked manually. D: Potential activésanal miningareas demarked
algorithmicaly using a GIS software. Scale: Diameter of a circle is 80 meters.



All 35,839 spatial records cartisanalmining between
20002018%°? were surrounded by a 500 m circul
buffer (Figure 54 by disseminating overlapping circles
Then, river areas intersecting these buffers were detg-
and their overall length calculated. It was then conclu{ [ "=
that a total of 691km of rivers can be expecto be
occupied byartisanaiminers, those areas being within
radius of 500 meters from known areas where minin
assumed to be happening. It was further concluded
a total of 33,168/iners can be expected to be occupi

in panning and divingproducing approximately 300kg
of gold (24K) annua”y_ Figure50: Dlssemlnz_atlng 500r_n_buffers revealing likely
areas for gold panning and diving

8.3.7 The size of thartisanal miningector: Final estimates

The extrapolationwas carried out on thieasis of thearea occupiethy different mining typegAM,

AMGB, HR, HRGB) The minimum estimates were calculated using the method of manual
demarcation, where 652.99 hectares of land was demarcated and classified. The upper limit was
estimated using the algorithmic demarcation, whE2é9.59hectaresof land wasdetected The
occupied landrfin and max)of different mining types was multiplied by the gold production by
hectare antheworkforce by hectare as presented able16.

Finally, the table was complemented byalah mixed mining type from Kumaru (hard rock mining
and alluvial mining)

Table20: Summary ofirtisanal miningstatistics in Sierra LeorR&

Type Area Gold (24K) production Workforce Daily earnings (Le)

min max min max min max min max
AM 343.21 687.4 384.46 770.03 12606 2528 33088.03
AMGB 168.8 384.2 918.80 2091.26 11708 26648 50178.59
HR 7.26 10.98 24.61 37.22 132 200 49085.59
HRBG 31.26 64.55 105.96 218.80 568 1174 49085.59
Mixed 46.09 46.09 336.31 336.31 4013 4013 42582.76
By- 56.37 56.37 n/a n/a 3910 3910 n/a n/a
production
Panning n/a n/a 332.01 332.01 33168 33168 15000.00
and diving
Total 652.99 1249.59 2102.15 3785.62 66106 94362 25822.63 30817.45
(column) (weighted) = (weighted)
Average 951.29 2943.89 80234 28320.04
(min/max)

192 Al artisanal records were taken into account, as it was recognized in Baoma Station that while men were busy mining
diamonds, women occupied nearby riverbed to pan gold.

¥\t is important to note that t hihasmalsecaldmining due te theldck of s p e c
data acquired.
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1. Introduction

Sierra Leone has signed and ratified the Minamata Convention on Mercury which is designed to
"protect human health and the environment from anthropogenic emissions and releases of mercury
and mercury compounds”. The United Nations Institute for Trainidgrasearch (UNITAR) is

therefore conducting a Global Environment Facility funded project on the "Development of the
Minamata Initial Assessment (MIA) and the National Action Plan (NAPaftsanaland SmaH

scale Gold Mining4drtisanal mininyjin SierraLeone".

A field research on the countrgstisanal miningsector has been conducted by a team comprising
consultants for the Environmental Protection Agency, Sierra Leone (EPA), UNITAR, the National
Consultant and the Senior Environmental Officer, EPiis Teport gives a geological overview of

all the mining communities visited including the use of mercury in the sector.

2. Methodology

The mining communities visited were chosen by the EPA in consultation with the National Minerals
Agency (NMA). Regional oftes of the NMA and EPA were visited to get their perspective on the
artisanal miningsector in terms of mining regulations, monitoring, the environment, challenges they
face and recommendations on how to improve the sector and quality of the serviadtethey

Permission to visit the mining communities were sought from the respective Paramount Chiefs. At
each community, interviews were conducted with the town chiefs, elders and gold agents, dealers
and miners. Some smatale mining companies, activétfin the mining communities, were

visited.

The geology of the mining sites was studied in terms of the ore being mined, the rogik ¢gees,
and the mining and processing methods used.

3. Summary Geology of Gold in Sierra Leone

The main hosts of golieh Sierra Leone are the greenstone belts. These are mafic and ultramafic
volcanic, intrusive and associated volcanosedimentary rocks metamorphosed to greenschist or
amphibolite facies. These facies contain green minerals including amphiboles, chlatdts epd
serpentine.

The following greenstone belts are known to contain gold; Gori Hills, Kambui Hills, Kangari Hills,
Loko Hills, Nimini Hills and the Sula MountainBigurel shows the locations of the mining
communities and sites visited overlain osiraplified geological map of Sierra Leone. It can be seen
that most of the mining communities visited are located within the greenstone belts
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Figurel Locations of mining communities and sites visited overlaid on a simplified geological map of Sierra
Lemme

The primary deposits (lode gold) are usually highde quartz veins, gold associated with sulphides,
gold associated with iron rich quartzites and ironstones. The secondary deposits occur in the form of
alluvials / placers including residual (lateréted soft rock) deposits. The gold can also occur in free
forms such as nuggets, flakes and grains. The main ore minerals are asenopyrite, chalcopyrite, pyrite
and pyrrhotite. Several studies e.g. Barrie and Touret, 1999 and Warnsloh, 2011, have shown that
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gold mineralization in Sierra Leone is structurally controlled occurring in shear zones and
lineaments.

Open pit mining of alluvial and residual deposits is the dominant type of gold mining in Sierra
Leone. These secondary gold deposits are found csutfece or near surface soft rocks, making

them easy to mine. Reserves of these secondary deposits have been almost depleted in most of the
gold mining areas. Primary deposit (hard rock / lode gold) mining is limited srtisanal mining

sector becausef the costs involved and government regulations. Hard rock mining was being done

in only two of the mining communities visited.

4. Mining Communities Visited

4.1.Sella Limba Chiefdom, Karene District
The mining towns visited in this chiefdom are Kathanta argsEsieThe source of the gold in these
communities is thought to be the Loko Hills with thain rock types being the basement granites,
gneisses, amphibolites, migmatites and pegmaiites gold is associated with quartz veins,
quartzites and banded ironstones intercalated with granites and pegmdtitealsfare being mined
in swamps, teaces and river channels and the gmtdurs mainly as flake$he mining areas are
located within the mining and exploration concessions of AMR Gold (SL) Limited (AMR).

41.1. Kathantha
Mining in Kathanthas mainly done in swamps and terracdse Bwamp mining area visitedigure
2A) had greater than 200 pits ainends N- S, which is the general trend of gold deposits in Sierra
Leone. Gold and coltan have been mined there but both are said to haaémmstrdepleted. They
however continue to mine gold there mainly on a subsistence basis. The number of workers per pit
ranged from 3 to 5.

Gravels are met at depths of less than 2 m. Panning seems to be the main method used to process th
gravels and thgold occurs in the form of flakefigure2B). The miners said they rent sluices when
needed but none were seen. There were also no water pumps present but the miners have developed
method of draining their pits usiriggalloncontainers attached to stgs Figure2C). All these

indicate lack of investments in the area mainly due to the gradual depletion of the near surface gold
resources.
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Figure2 Mining swamp visited in the environs of Kathantha (A), (B) gold flakes mixed with other
concentrates in a pan, (C) miners draining a pit.

o4

There was no evidence of mercury use as the gold flakes are big enough to be collected by panning
with just water. During the rainy season, the majority of the miners go back to farming, the main
occupatio in the area, whereas others move from the swamps to the terraces.

4.1.2. Kasassie
The shallow soft rock gold deposits have been neatyaustedand this has led to a significant
decrease in the mining population which is now made up of mainly migrants éantoyrvillages.
No miner was seen on the swamp visited even though it was once considered to be the main mining
site in the community. The future aftisanalmining in the community seems bleak as the miners
can't afford to fund the deep mining which @anrequired.

4.2.Sanda Loko Chiefdom, Karene District
The mining communities visited in this chiefdom heeninayaand Kampala. This area is also
underlain by supercrustal rocks of the Loko group lying witldoneargranites and preeonean
migmatitic gneisss and granitoids. The greenstone lithologies consists of amphibolites, banded
ironstoneshornblendeschist, metagrewackies, qualtiotite schist and quartzites. The trend of the
major lineaments in the area is NE and ENE. Others are trending NNW.SGuidently being
mined in swamps antérracesput no primary resource is being mined. Diamonds and coltan have
also been mined in this chiefdom.

These communities also fall withkMR's concession and they stopped most ofdtisanaimining
that was gmg on. Even though they have not done any work since 20tiZanaimining has not
got back to how it was before the ban.

4.2.1. Laminaya
Laminayahas potential for both primary and secondary gold deposits. The primary resource is
thought to be located up ihd hills whereas the secondary deposits are found mainly in valleys. The
main hard rock mining site is near a dam supplying water to the town and mining has been stopped
there to avoid contamination. Only swamp and terrace material arbaipgmined.
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Figure3A shows a terrace site visited. The depth to gravel is about 3 Figuré3B shows a miner
pointing to the start of the gravel layer within a pit. The gravel is about 1 m thick and consists of
various rock fragments. The main processing method argesluicesKigure3C) and panning the
concentratesgrigure3D shows gold grains frofsaminayamixed with magnetic concentrates. These
can be easily separated using magnets.

Figure3 Terrace mining site ihaminaygA), (B) miner pointing to the gravel layer in a pit, (C) miners
washing gravel using sluice box, (D) concentrates comprising gold and other magnetic minerals.

The miners do not useercury,but the chiefdom elders claim a smsatlale mining company acé
in the area between 2002017 used mercury. The mining population according to the village
authorities was as high as 5000 people but now is about 1000.

4.2.2. Kampala
Almost every household in Kampala is involved in mining if even for subsistence reasanyps
and terrace deposits are being mined but no hard rock primary deposit. A swamp mining site was
visited Figure4A.) and these have miners in groups of about 5 people. Depth to gravel is about 3 m.
Figure4B shows the carpets used in the slukigre 4C). It is believed this type of carpet which is
made in China, captures most of the gold. It occurs mainly in the form of flakes. Rock fragments
removed during the washing process include weathered granite, quartzite and ironstones. Excavation
of top sal to gravel depth can take a couple of days to a month. Washing period can be for just a few
days.
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