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Preface 
 
I had never expected that writing a master thesis could be so exciting. The fact that I chose an 
unusual but very interesting, challenging and actual subject definitely contributed to the joy 
of writing this thesis. In addition, living for almost six months in Suriname meant a discovery 
of the country where my grandmother was born.  
 
The first questions many people ask in Suriname is ‘when did you arrive?’ and ‘when do you 
leave again?’ These questions originate from the times that many men from Paramaribo tried 
to find their luck in gold mining in the interior, and left alone their wives and kids for a long 
period. Many women had a ‘buitenman’, a secret lover. Therefore it was very important to 
know when their husband would leave again…  
 
I arrived in April and left in October 2007. Before I came to Suriname, I hardly knew 
anything about gold mining. The first trip with my local supervisor, Chris Healy from 
Culturecom Consulting, for the WWF project he executes, to Villa Brazil was a real baptism 
of fire. I will never forget flying in a little four-seat airplane, the isolated miners village with 
its ‘cabarets’ and its generous people and the extreme amount of mud on the ‘roads’ which 
seemed impossible to overcome. But since that weekend I am familiar with the possibilities 
of All Terrain Vehicles. After this experience, many followed, which were all a great 
contribution to my understanding of the sector. It soon became clear that the subject of my 
thesis was very interesting, complicated and important for Suriname and thus really 
challenging.  
 
With this thesis, I do not only hope to obtain my masters degree, but I hope to deliver a useful 
contribution to the sustainable development of Suriname, for its people as well as the 
environment. Sometimes it has been hard to address gold mining positively, but I believe 
thinking negative does not solve any problem at all. This is important to realize for everyone 
who is involved in gold mining.  
 
Without the help of Chris Healy, his network, his critical and useful remarks and advice, our 
discussions, the possibilities he created to go into the field, his knowledge and his extended 
library, I could not have written this thesis. Chris, thanks for offering me the opportunity to 
fulfill this work. Secondly, I have to thank the people from Rosebel Gold Mines N.V., 
especially Jerry Finisie and Sergio Akiemboto from the community relations department, for 
giving me the possibility to conduct research at the concession, the accommodation in the 
camp and for bringing me to the artisanal mine sites every day. This was a very interesting 
and useful experience. I have to thank all gold miners and other people in the interior who I 
have interviewed for their openness, hospitality and cooperation.  
 
Finally, I have to thank my supervisors Geert Verbong, Stanley Naar and Henny Romijn for 
their support and useful comments.  
 
Winnie Versol 
November 2007 
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Summary 
 
This thesis is the result of literature and field research conducted in Suriname between April 
and October 2007 on the subject of artisanal gold mining. This research subject was selected 
because uncontrolled gold mining and the copious use of mercury is having a devastating 
impact on the environment in the gold mining regions of the interior of Suriname. Moreover, 
this uncontrolled mining poses serious health threats that extend well beyond the affected 
communities, mining settlements and gold miners in these regions. Almost all the gold is 
transported to Paramaribo with high mercury residues and is purchased in gold shops with 
inadequate and unsafe equipment. Contaminated fish and perhaps even contaminated air 
makes it way into the urban and peri-urban areas.  
 
The results of the study indicate that the artisanal gold miners use inadequate or inappropriate 
exploration, ore estimation, mining and ore processing methods. In addition, there is little or 
no waste management, reclamation and re-vegetation. The results also indicate that these 
shortcomings can be attributed to lack of awareness, insufficient knowledge about the 
development and nature of ore deposits, as well as available mining and processing 
technology. There is also insufficient awareness of the threats posed by exposure to mercury 
and mercury vapor. The situation is further compounded by unfounded beliefs associated 
with gold mining and insufficient concern or appreciation for the devastating impact that 
uncontrolled mining has on the environment.   
 
The study focused on the mining and processing methods used by artisanal miners in the gold 
mining regions of the interior of Suriname. The main purpose of this study was to describe 
and analyze in detail the current mining and processing methods used by artisanal miners, 
and to identify possible alternative technologies and methods which will reduce the safety, 
health and environmental threats posed by the current practices. In addition to identifying 
alternative technologies and methods, the study outlines a strategy for the creation of an 
enabling environment in which the required paradigm shifts can take place. In this enabling 
environment, influences that discourage the adoption of alternative technologies are 
minimized.  
 
The results of the study indicate that the Strategic Niche Management (SNM) approach 
provides a framework that is ideally suited for the creation of an enabling environment in 
which experimentation can take place with more efficient, safer and environmentally sounder 
gold mining methods. Such a protected environment can facilitate the selection and adaption 
of alternative applied technologies best suited to the conditions under which artisanal miners 
work in the field. Moreover, to increase the chances of success, the identification and 
selection of the most appropriate applied technology should go hand in hand with capacity 
building, to overcome the management and technical limitations of the artisanal miners.  
 
The outcome of the study also suggests that certain non-technical parameters play an 
important role in promoting acceptance of the new technical alternatives. The SNM theory 
follows a five-step process, namely: (1) the choice of technology; (2) selection of the 
experiment; (3) the set up/implementation of the experiment; (4) the scaling up of the 
experiment; and (5) breakdown of protection by means of policy. This process unfolds at 
three levels, namely the niche (micro level; protected space: experimental mine with 
alternative technologies), regime (meso level; current technologies used) and landscape 
(macro level; infrastructure, political influences, socio-economic aspects, etc.).  
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This thesis focuses especially on step one of the five-step process: choice of technology. It 
was realized from the onset, however, that there are numerous barriers which would impede 
the adoption of the recommended technologies. The selection of the appropriate and 
affordable technologies is done on the basis of literature study and analysis of experiences in 
other countries, for example the countries who participate in the Global Mercury Project of 
UNIDO. The results of the study indicate that there are no ready made solutions. There is no 
alternative available that meets all criteria because no single technique solves all the 
problems in a given situation. Different innovations and alternatives in different stages of the 
gold mining process have to be combined to create solutions applicable to the situation at 
hand.  
 
At all three levels of SNM, a favorable environment has to be created in order to achieve the 
goals of the experiment. The niche experiments have to cover the use of mercury in the 
different stages of the mining process. Miners should be made aware of the dangers of 
mercury to the environment and their own health. With this increased awareness, miners 
should be trained to put an end to the bad habit of using mercury during the entire gold 
mining process. The experiments should demonstrate the ineffectiveness of mercury use in 
mining and concentration and alternative mercury free methods should be promoted. The 
burning of amalgam in the open air should be replaced by the use of retorts, simple devices 
that capture volatilized mercury. The barriers of adopting these alternatives should be 
overcome.  
 
The study argues that the tools are available to transform the artisanal gold mining sector into 
an important contributor to the economic and sustainable development of Suriname, but 
many things have to change. The government has a role to play as well as the private sector. 
An up to date stand alone policy on gold mining, that includes all aspects and sub sectors, has 
to be developed. This policy is the fundament for new legislation and institutional 
development. The private sector has a fundamental role to play in the organization of the 
sector. Concession holders, equipment owners, service providers and other key actors have to 
get together to assist the government in developing a new policy for the sector.   
 
It is finally recommended to set up a national gold mining institute, for which the sustainable 
development of the sector will be a full-time job. This institute should furthermore take care 
of funding, stimulate miners to organize themselves at local and national level, increasing 
awareness among the whole community (not only miners, also schoolchildren, etc.), control 
of (international) mercury trade, continuous search for alternative technologies, development 
of a tax-system and support incentives such as the retorted mercury exchange-system.  
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Samenvatting 
 
Deze scriptie is het resultaat van literatuurstudie en veldonderzoek naar de ‘kleinschalige’ 
goudmijnbouwsector in Suriname, uitgevoerd tussen april en oktober 2007. Dit onderzoek is 
uitgevoerd vanwege de ongecontroleerde activiteiten in de kleinschalige goudmijnbouw en 
het onzorgvuldige en overvloedige gebruik van kwik. De goudwinning heeft hierdoor een 
vernietigende invloed op het milieu en de gezondheid van de mensen in de goudmijnbouw 
gebieden in het binnenland van Suriname, terwijl het voor grote groepen van de bevolking in 
het binnenland een belangrijke bron van inkomsten vormt. Het meeste goud wordt verkocht 
in Paramaribo, waar bij de verwerking veel kwik vrijkomt. Ook de mensen in de stad lopen 
gevaar, door het eten van vervuilde vis en het inademen van lucht met hoge 
kwikconcentraties.  
 
De resultaten van het onderzoek geven aan dat de mijnbouwers ontoereikende en inefficiënte 
exploratie en verwerkingsmethoden gebruiken. Bovendien wordt er nauwelijks aan 
afvalverwerking, herstel en revegetatie van de uitgemijnde gebieden gedaan. De resultaten 
geven aan dat deze tekortkomingen kunnen worden toegeschreven aan een gebrek aan kennis 
over het ontstaan van goudreserves in de bodem, en de beschikbare mijnbouw- en 
verwerkingstechnieken. Er is ook een gebrek aan kennis en bewustzijn met betrekking tot de 
gevaren van blootstelling aan kwik en kwikdampen. De situatie wordt ingewikkelder door 
bijgeloof gerelateerd aan de goudwinning en onvoldoende bezorgdheid of aandacht voor de 
vernietigende invloed dat ongecontroleerde goudwinning heeft op het milieu.  
 
Het onderzoek richt zich op de goud winning- en verwerkingsmethoden die gebruikt worden 
door de artisanale goudmijnbouwers in het binnenland van Suriname. Het doel van het 
onderzoek is het beschrijven en analyseren van de huidige mijnbouw en 
verwerkingsmethoden die door deze groep goudmijnbouwers gebruikt worden, het 
identificeren van de barrières voor duurzame ontwikkeling van de sector en het identificeren 
van alternatieve technieken en methoden om de gevaren voor de gezondheid en het milieu te 
minimaliseren. Tot slot wordt er een strategie aanbevolen die het mogelijk moet maken om 
de gewenste veranderingen plaats te laten vinden.  
 
De Strategic Niche Management (SNM) benadering levert een raamwerk dat geschikt is voor 
de creatie van een gunstige omgeving waarbinnen experimenten met efficiëntere, veiligere en 
milieuvriendelijkere goudwinningmethoden plaats kunnen vinden. Een beschermde 
omgeving maakt de selectie en adoptie van alternatieve technieken mogelijk die het beste 
aansluiten bij de omstandigheden in de praktijk. Uit het onderzoek is naar voren gekomen dat 
een aantal niet-technische parameters een belangrijke rol spelen in de acceptatie van 
technische alternatieven. Daarom is het erg belangrijk dat de selectie van de meest geschikte 
technieken samengaat met een toename van capaciteiten op andere gebieden, om ook 
management- en overige technische beperkingen van de goudzoekers te overwinnen, en de 
kans op succes te vergroten.  
 
De SNM-theorie volgt een vijf-stappen proces, namelijk (1) de keuze van de technologie; (2) 
selectie van het experiment; (3) het opzetten en implementeren van het experiment; (4) het 
opschalen van het experiment; en (5) het afbreken van de bescherming met behulp van 
beleid. Dit proces speelt zich af op drie niveaus, namelijk de niche (micro niveau, 
beschermde omgeving zoals een experimentele mijn), het regime (meso niveau, de huidige 
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situatie) en het landschap (macro niveau; infrastructuur, politieke invloeden, socio-
economische aspecten, enz.).  
 
De belangrijkste SNM-stap voor dit onderzoek is de keuze van de technologie. Het was vanaf 
het begin gerealiseerd dat er een grote hoeveelheid barrières zouden zijn die de adoptie van 
alternatieven in de weg zouden staan. De selectie van geschikte en betaalbare technologieën 
is gedaan op basis van literatuuronderzoek en een analyse van ervaringen in andere landen. 
Een aantal van deze landen participeert in het Global Mercury Project van UNIDO. De 
resultaten van het onderzoek wijzen uit dat er geen kant en klare oplossingen beschikbaar 
zijn. Er is geen alternatief gevonden dat aan alle criteria voldoet. Verschillende innovaties en 
alternatieven in de verschillende stadia van het goudwinningproces zullen gecombineerd 
moeten worden voor goede toegepaste oplossingen voor de problemen.  
 
Op elk niveau van SNM moet een gunstige omgeving worden gecreëerd om de doelen van de 
experimenten waar te kunnen maken. De niche experimenten moeten rekening houden met 
het gebruik van kwik in verschillende stadia van het goudwinningproces. Mijnbouwers 
moeten bewust worden van de gevaren van kwik voor het milieu en hun eigen gezondheid. 
Met een verhoogd bewustzijn moeten de goudzoekers getraind moeten worden om een einde 
te maken aan de slechte gewoonte van het gebruik van kwik gedurende het hele proces. De 
experimenten moeten ten eerste duidelijk maken hoe inefficiënt het gebruik van kwik is in 
sommige stadia en ten tweede moeten alternatieve, kwikvrije methoden worden gepromoot. 
Het verbranden van kwik-goud amalgaam in de open lucht moet worden voorkomen door het 
gebruik van retorts, eenvoudige hulpmiddelen die kwikdampen opvangen.  
 
In principe zijn de mogelijkheden om de kleinschalige goudmijnbouw te veranderen tot een 
belangrijke en duurzame bron van inkomsten voor de ontwikkeling van het land beschikbaar, 
maar er zal eerst veel moeten veranderen. De overheid heeft hierin een belangrijke rol, maar 
de private sector ook. Een geïntegreerd goudmijnbouw beleid moet worden ontwikkeld. De 
private sector heeft een belangrijke rol in de organisatie van de sector. Concessie houders, 
machine houders, service verleners en andere sleutel-actoren moeten hun krachten bundelen 
om de overheid te assisteren bij de ontwikkeling van nieuw beleid.  
 
Tot slot is het aanbevolen om een nationaal goudmijnbouw instituut op te richten, die in de 
eerste plaats moet zorgdragen voor de duurzame ontwikkeling van de sector. Overige taken 
van dit instituut zijn het zorgen voor fondsen, het stimuleren van mijnbouwers om zich te 
verenigen en organiseren op lokaal en nationaal niveau, zorgen voor toename van het 
bewustzijn onder de gehele bevolking (bijvoorbeeld ook schoolkinderen), controle van 
(internationale) kwikhandel, een constante zoektocht naar geschikte alternatieve 
technologieën, de ontwikkeling van een belastingsysteem en het ondersteunen van 
initiatieven zoals het voorgestelde kwik-wissel systeem, waarbij gerecycled, inactief kwik 
tegen een kleine vergoeding kan worden ingeruild voor actief kwik. 
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Abbreviations 
 
ADEK/UvS Anton de Kom University of Suriname 
ASM  Artisanal and Small-scale Mining 
GMD Geologisch Mijnbouwkundige Dienst (Geological Mining Service) 
GMP Global Mercury Project 
IADB Inter-American Development Bank 
INTEC Instituut voor Toegepaste Technologie (Institute for applied technology; 

scientific institute of the Anton de Kom University of Suriname)  
RGM  Rosebel Gold Mines N.V. 
SNM Strategic Niche Management 
Stinasu Stichting Natuurbehoud Suriname (Foundation for Nature Conservation in 

Suriname) 
UNDP United Nations Development Program 
UNEP United Nations Environmental Program 
UNIDO United Nations Industrial Development Organization 
WWF World Wildlife Fund  
 
 

Glossary 
 
Amalgamation The action or chemical process of alloying a metal (e.g. gold) with 

mercury. 
 

Artisanal gold 
mining 

A simple way to encompass all small, medium, large, informal, legal and 
illegal miners who use rudimentary processes to extract gold from 
secondary and primary ore bodies. 
 

Concession The area on which the applicant has received the right for reconnaissance, 
exploitation or exploration of a specific mineral. 
 

Corporate gold 
mining 

Large scale, formal gold mining, characterized by a high level of 
organization, planning and investment in exploration activities.  
 

Exploitation The reclamation and extraction, processing, transportation and trade of 
minerals.  
 

Exploration The activities that aim to find out the nature, extend, characteristics and 
economic value of the minerals in a certain area, to determine the economic 
and technical feasibility of exploitation.  
 

Extraction Extracting gold from the ore and putting it into solution. 
 

Extra-legal Legal according to the local (traditional) laws.  
 

Landscape The macro-level, which includes aspects such as infrastructure, culture, 
political rules, international influences, prices and wages, demographic 
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developments and the environment. 
 

Niche A field of application of one or more interrelated new technologies, in 
which some kind of protection is provided through subsidies or other types 
of preferential treatment. 
 

Pan (batea) Round, shallow but slightly conical pan, used to concentrate the ore by 
making circular movements, whereby the heavy gold particles stay in the 
middle, and the lightweight waste material flows out. Pans are usually 
made of metal, but countless variations are possible.  
 

Reconnaissance The activities that aim to indicate the presence of certain minerals, without 
modification of the natural landscape.  
 

Recovery Taking the gold from solution and turning it into gold metal. 
 

Regime The whole complex of scientific knowledge, engineering practices, 
production process technologies, product characteristics, skills and 
procedures, established user needs, regulatory requirements, institutions 
and infrastructures that are directly related to the sector. 
 

Sluice box A sloping, flat-bottomed trough or channel that can capture particles of 
gold and other heavy minerals. Sluice boxes are in general made of wood, 
lined with carpets and metal riffles or with copper plates with a layer of 
mercury. 
 

Strategic Niche 
Management 

The creation, development and controlled phase-out of protected spaces for 
the development and use of promising technologies by means of 
experimentation, with the aim of (1) learning about the desirability of the 
new technology and (2) enhancing the further development and the rate of 
application of the new technology. 
 

Sustainable 
development 

The type of development that meets the needs of the present generation 
without compromising the ability of future generations to meet their own 
needs. 
 

Sustainable 
technologies 

Technologies that can be used to realize the requirements of sustainable 
development for all three pillars: economy, society and environment.  
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1 Introduction 
 

1.1 Research background: Suriname and gold mining 

 
Geography and geology 
The Republic of Suriname is a country located on the north-east shoulder of in South-
America, and has a surface area of 163.000 square 
kilometers. This is about four times the surface area 
of the Netherlands. Most of the gold mining takes 
place in the interior. Almost all known gold prospects 
in Suriname are located in the greenstone belt: islands 
of very twisted, ancient rock metamorphosed from 
basaltic lava and topped by sediments. The 
greenstone belt runs through the shield area from 
north-central to the south-east of Suriname, and 
covers at least 20% of the surface area of the country 
(UNIDO Project Document, 2007). 
 
Political system and administration 
Suriname is a former colony of the Netherlands which 
gained independency in 1975. The country has ten 
administrative divisions referred to as districts, and 
these districts are divided into 62 resorts. Resort Councils are elected in all 62 resorts, and 
they form ten District Councils. The Sipaliwini District is by far the largest district and covers 
almost 80% of the surface area of the country. This district has no capital city and is 
administered from Paramaribo. This factor severely limits the ability of the government to 
manage the gold mining sector in the interior of the country (UNIDO Project Document, 
2007).  
 
The country has a mixed presidential/parliamentary form of government. The 51 members of 
the unicameral National Assembly are elected from the ten districts. Resort Councils are 
elected in all 62 resorts, and they form ten District Councils. The President is elected by the 
National Assembly, and he or she, in turn, appoints and heads the Cabinet of Ministers. The 
vice-President leads the weekly Cabinet meetings. The Ministry of Natural Resources (NH) is 
responsible for the mineral industry (bauxite, gold, oil, gravel, sand and water). The Ministry 
of Physical Planning, Land and Forest Management (RGB) is responsible for land, forestry 
and zoning. The Ministry of Regional Development (RO) controls the government 
administration in the districts and resorts and manages relations with the customary 
authorities in the interior.  
 
Demography 
Suriname has a population of 492.000 persons (website ABS). It is one of the least densely 
populated countries in the world, and yet ethnically very diverse. Hindustani (locally known 
as ‘East Indians’; their ancestors emigrated from India in the end of the 19th century), Creoles 
(mixed black and white), Javanese, Maroons (offspring of African slaves who escaped to the 
interior), Amerindian, Chinese, white and other ethnicities live peacefully together. Most 
Surinamers live in the narrow coastal region, in and around the capital city of Paramaribo. 

Figure 1.1: map of the Republic of 

Suriname (www.ned.univie.ac.at) 
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The interior (“binnenland”) is the area inhabited by tribal peoples, the original indigenous 
inhabitants as well as descendants of escaped slaves, the Maroons. The interior has a 
population of 37,000 persons, which is about 7,5% of the total population of Suriname. The 
Indigenous and Maroon peoples live in 150 villages and several hundred smaller agricultural, 
timber and gold mining settlements in the rugged rainforest interior of the country.  
 
The economy and gold mining 
The Surinamese economy is dominated by the gold, oil and bauxite mining industry, which 
accounts for more than one third of GDP. Regulation of this industry is of great importance to 
Suriname’s economic development. Other main industries are timber extraction, food 
processing and fishing. The GDP per capita (PPP) is $7,100 in 2006 (compared to $32,100 in 
the Netherlands) and the growth rate is 5%. 9.5% of the inhabitants are unemployed and 70% 
lives below the poverty line (in 2002) (CIA World Factbook, 2007).   
 
In 2005, 22.3 tons of gold was produced in Suriname. Gold purchases from artisanal miners 
registered by the Central Bank exceeded gold produced by the single large-scale producer 
Rosebel Gold Mines N.V. Artisanal miners produced 52% and RGM 48% of a total amount 
of 22.336 kg gold. The gold production accounted for 18% of the GDP in that year. In 2006, 
the production in tons was almost the same, but due to increasing gold prices and a decline of 
the GDP, the production represented 29% of the GDP, with a value of US $ 435.9 million 
(UNIDO Project Document, 2007). An overview of these figures is presented in the table 
below.  
 
 2005 2006 

Production by Artisanal miners  11.667 kg (52% of total) 12.000 kg (53% of total) 
Production RGM 10.669 kg1 (48% of total) 10.469 kg1 (47% of total) 

Total gold production 22.336 kg 22.469 kg 
Price per kg (average) $ 14,290 $ 19,400  
Total value $ 319.2 million $ 435.9 million 
GDP  $ 1,800 million $ 1,500 million 
% of GDP 18% 29% 
1
source: www.iamgold.com/rosebel.php 

Table 1.1: Economic overview of gold production (source: UNIDO Project Document, 2007) 

 
The greenstone belt, which is described in the beginning of this section, is almost completely 
overlain by gold mining concessions. They are issued by the Geological Mining Services 
(GMD) under the Ministry of Natural Resources and held for the most part by persons and 
enterprises in the capital city of Paramaribo and by foreign investors (UNIDO Project 
Document, 2007). Nowadays, between 10,000 and 20,000 artisanal gold miners work in 
Suriname. About one quarter of them are Surinamese nationals, while the other three quarters 
are Brazilian migrants, also referred to as garimpeiros.  
 
Types of mining 
There are various forms of artisanal gold mining in Suriname. The most common method is 
hydraulic mining (land dredging), which uses water under high pressure to loosen the soil in 
the mining pit. The slurry is then pumped from the pit to a sluice box which concentrates the 
ore. Mercury is almost always used to collect and extract the gold particles. After about 10-14 
days, further concentration of the ore trapped in the sluice box matting takes place in a gold 
pan (batea). At the end of the process, the gold-mercury amalgam is burnt, often in the open 
air.  
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The alluvial deposits in creek beddings are becoming exhausted, and other mining methods 
like rock crushing are now on the increase. An excavator is used to extract the ore, which is 
fed into hammer mills to which water is added. Sometimes the ore is extracted by hand. The 
slurry flows over a long narrow sluice box lined with copper plates coated with a layer of 
mercury, which traps the gold. The amalgam is scraped off the plates, excess mercury is 
squeezed out through a cloth and the gold-mercury amalgam is then burnt in the open air. 
Some miners use retorts to recover the mercury, as large quantities are used in this process.  
 
Though rare, underground mining has taken place during the past ten years. A shaft was 
mined at the Benzdorp Concession of Grassalco and a mine with an 11 meter shaft has been 
visited at Loksi Ati, near the Saramacca River. Hammer mills with copper plates coated with 
mercury were used to process the ore.  
 
About twenty to thirty river dredges are in operation in Suriname, on the Marowijne, Lawa 
and Saramacca Rivers. In the old days, divers were used to vacuum the sand and gravel from 
the river bottom and then run it through a sluice box. Today, remote controlled suction 
dredges are used to extract the ore from the river bottoms. As the deposits on the river 
bottoms are becoming depleted, the combination of river dredging for construction gravel and 
gold is becoming more common these days. During the field work, a new, large and probably 
illegal dredging pontoon was discovered at the Brokopondo hydropower dam.  
 
History of gold mining in Suriname 
Throughout the centuries, gold has always appealed to the imagination and held man in its 
grip. The ‘golden thread’ through the Surinamese history started in the 17th century when 
several Governors of the colony made some attempts to find gold, mostly with limited results. 
Around 1720, the first gold exploitation took place, and in 1736, the first 5 ounces gold dust 
were exported to the Netherlands. During the next 150 years, a lot of research was done to the 
exploration of gold, which was stimulated by the government, in order to provide alternative 
employment for the plantation workers (Fontaine, 1980).  
 
The real production of gold started in 1876, when a total of 38 kg was extracted, and was 
followed by a number of developments and milestones in the sector. The production grew 
fast to 475 kg in 1879. In 1894, a tax was introduced of 7 cent per gram of gold. This led to 
the increase in the number of police stations in the gold-fields. At least 10% of the production 
was not declared. In the beginning of the 20th century scientific exploration of the still 
unknown interior took place. The construction of a railway of 173 km, called ‘the gold 
express’, contributed a great deal to the development of the industry. In 1908 a top 
production of 1209 kg was reached, after which the production dropped considerably 
(Fontaine, 1980).  
 
During the 1970s and 1980s the second ‘gold rush’ took place in Suriname. In the US, the 
restrictions on the ownership of gold were abolished, which resulted in an extreme increase 
of the gold price: from US $ 42 per troy ounce to US $ 612 in 1980. Surinamers once again 
became interested in gold mining, but the increased price was not the only driver behind it.  
 
In 1980 the military coup took place in Suriname and two decades of instability set in, 
leading to massive devaluation of the Suriname guilder and extreme inflation. A scarcity of 
foreign currency developed. Thousands of miners moved to the interior to escape poverty and 
earn hard currency. When the interior war, between country’s contemporary military 
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government and Maroon guerillas broke out (1986-1992), the economic situation deteriorated 
further. During this conflict, a lot of damage was done to industrial and agricultural facilities 
in the rural and interior areas (Struiken and Healy, 2003). The war isolated the Maroon 
communities in South-East Suriname and the guerillas took up gold mining to finance the 
weapons and ammunition. Members of the isolated communities also needed gold to pay for 
the import of food, supplies and equipment form French Guiana (Healy, 2007).  
 
During the 1980s and 1990s, thousands of Brazilian miners migrated to Suriname. They were 
driven by extreme poverty and tighter controls on artisanal gold mining in the Amazon 
region, and attracted by the stories of rich gold deposits and the lack of a government 
presence and controls in the interior of Suriname (Healy, 2007).  
 
In August of 1992, the Accord for National Reconciliation and Development was signed and 
the government gradually restored its authority in the interior (Struiken and Healy, 2003). But 
the civil war had destabilized the economy. Between 1990 and 1997, the real cost of food 
items increased 10-fold and inflation reached 586% in 1994. Unemployment rates increased 
to over 20% by the late 1980s (Heemskerk, 2002, p.332). These developments kept gold 
mining very attractive.  
 
Mining law and the scales of gold mining  
Until today, regulation of the gold mining sector is based on the mining law that was written 
in 1986 and which was a response on the developments of that period. Not only gold mining 
but also bauxite, diamonds and other minerals are covered by this law. The mining law makes 
a distinction between ‘mining’ and ‘small-scale mining’. The law specifies that  
 

“mining is to take place in the most efficient manner, while using the most modern 

internationally accepted technology. The company must use the most advanced 

technology in a professional manner with appropriate equipment, while taking into 

account the prescribed norms for mining staff health and safety, including the health 

and safety norms applicable to society in general, as well as the standards in effect 

for the preservation of the environment”. 

 

Small-scale mining is defined as  
 

“reconnaissance and exploration, as well as the exploitation of mineral deposits 

whereby the nature, the type of deposit and the volume makes it economically feasible 

to extract the ore with simple tools and techniques”.  
 

This law was made when several hundred miners roamed the forest with a pickaxe and batea, 
or used a small 2 inch pump to concentrate the gold ore.  
 
Today’s artisanal gold mining industry exceeds all earlier mining activity in Suriname in 
terms of technological advancement, gold production and the number of people involved 
(UNIDO Project Document, 2007). Most of the artisanal gold mining today is hydraulic 
mining, with or without an excavator or bulldozer, and almost always mercury is used to 
bond with the gold particles in the slurry, in order to make extraction possible. Mercury is an 
effective, simple and relatively inexpensive reagent to extract gold when it is used correctly. 
Furthermore, rock crushing with hammer mills, supported by an excavator, is now becoming 
increasingly widespread. Operations using heavy equipment can have a throughput between 
100 and 200 tons of ore per day, which hardly qualifies as ‘small-scale mining’ as defined by 
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the 1986 mining law (UNIDO Project Document, 2007). Therefore, the term small-scale 
mining will not be used in this thesis, and will be replaced by ‘artisanal gold mining’. 
 
Artisanal mining is defined by Veiga (1997b, p.15) as ‘a simple way to encompass all small, 
medium, large, informal, legal and illegal miners who use rudimentary processes to extract 
gold from secondary and primary ore bodies’. Amalgamation with mercury is the preferred 
method used by artisanal miners.  
 
In the literature, various classifications have been made based on terms of volume of ore 
(throughput), level of mechanization, mining area, level of illegality (legal, illegal or extra-
legal) or socio-economics (formal vs. informal). But all these classifications are very arbitrary 
and inflexible against the rapid changes in the gold mining industry.  
 

1.2 Problem statement 

 
The gold mining sector in Suriname is important for the economy and creates employment 
opportunities in the country. Gold mining is a significant contributor to the GDP, as 
explained in the previous subsection, and therefore sustainable development of the sector is 
important.  
 
The problems that are related with gold mining can be divided into two main levels: the 
regime and the landscape level. The problems at the regime level are directly linked to gold 
mining, for example the technology used. The problems at landscape level are more general 
issues that are influencing not only the gold mining sector but the country as a whole. These 
concepts will be further explained in section 2. 
 
The gold mining sector can be divided into two very different sub-sectors. The first is the 
mainly organized, legal, formal, large scale sector, which will be named the corporate sub-
sector. The driving force behind this sector is to make money through investments. The 
second sector is the mainly unorganized, illegal, informal small to medium scale sub-sector, 
the artisanal sub-sector. The activities in this sector are driven by poverty and are carried out 
as a way to survive. There is no investment capital available. The differences are not only 
visible in the scale of production and level of mechanization, but also in the way of 
organization, cultural and historical context and level of control. The only common 
characteristic is the fact that both sub-sectors are looking for gold in the same country. 
  
Especially the artisanal sub-sector causes a lot of problems in Suriname, which limits its 
contribution to economic development. Artisanal gold mining is responsible for significant 
environmental, health and social problems. In addition, regulatory and economic problems in 
Suriname make the situation even worse and uncontrollable. The environmental problems 
include deforestation, siltation of creeks and rivers and mercury pollution. The liberal and 
uncontrolled use of mercury is of particular concern, because a significant portion ends up in 
the environment and affects the health of the miners and their families. Even the health of 
gold buyers and jewelers in the city as well as everyone who eats fish from the Surinamese 
rivers is in danger. 
 
The impact of the problems mentioned is being increased by a lack of thorough prospecting 
and inefficiency in mine-planning and processing techniques. In general, artisanal miners do 
not make a well-considered mine-planning. This can for example result in digging a pit, 
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putting the waste material aside and then finding out 
that there is more gold under the pile of waste material. 
Of course this is very inefficient, because half of the 
waste-material has to be moved twice. In addition, the 
miners use inefficient ore processing techniques. Sluice 
boxes are often not fine-tuned correctly and a lot of 
gold remains in the tailings. This was proved in practice 
by the presence of people with metal-detectors in the 
tailings (waste material) in a mine near Villa Brazil (see 
picture).   
 
Landscape (macro) problems 
The problems at landscape level include: regulatory 
problems, illegality and extra-legality of activities, influx of illegal Brazilian miners, 
infrastructure and accessibility problems. These problems have to be taken into account in an 
integrated solution for a change to sustainability because they are tightly linked with the way 
technology is used in the artisanal gold mining sector. At the moment, regulation and control 
of the sector is hardly possible. Gold mining takes place in the interior of Suriname, far from 
the city and spread over a large area. The mines are difficult to reach by the authorities, there 
is a lack of qualified personnel, a lack of adequate operational resources, a lack of necessary 
infrastructure and the mining law of 1986 is outdated and is not applicable to the sub-sector 
anymore (Noetstaller, 1995).  
 
Growing problems 
The level and speed of environmental damage and pollution is increasing. Effective 
interventions are urgently needed to change the situation. There are four principle reasons for 
this increase. During the last two decades the artisanal miners switched from river dredging 
to land mining, leading to much higher levels of turbidity in creeks and rivers, deforestation 
and destruction of flora and fauna. A second factor has been the increase in size and in the 
level of mechanization of the artisanal mining operations. An increasing number of 
operations now use heavy equipment to mine the gold ore. A third factor has been the 
inability of the government to control the growing number of illegal and extra-legal miners1, 
including migrant miners from neighboring countries. Finally, the increase of the gold price 
on the world market has caused a growing interest in gold mining activities (WWF Guiana’s, 
2007, p.34).  
 

1.3 Research boundaries 

 
The problems in the Surinamese gold mining sector and all its surrounding aspects are too 
broad and complicated to cope with in one thesis. Therefore, the boundaries of the research 
have to be indicated. The starting point of the delimitation is the question where the 
intervention or the implementation of alternatives has to take place. Of course, it is important 
that at all levels of the gold mining process things are going to change towards more 
sustainability in the future, but the most urgent problems have to be solved first. The release 
of large amounts of mercury in the environment is a direct threat for people all over the 
country, for people who do not have anything to do with gold mining as well, both nowadays 
and in the future. This process of pollution is irreversible and has to stop as soon as possible. 

                                                 
1 Social structures with particular local and/or traditional rules outside the formal laws and regulations 

Figure 1.2: Searching for gold in the 

tailings, Villa Brazil 26-05-2007 
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This is why the main focus of this thesis will be on the reduction of mercury emission. The 
use of mercury takes especially place in the artisanal gold mining sub-sector, characterized by 
a lack of regulation and control mechanisms, causes the largest amount of damage. Therefore, 
this thesis focuses on this sub-sector.  
 
The problems that occur due to deforestation, lack of proper prospecting and mine-planning, 
inefficiency of ore processing techniques and inadequate health and hygiene measures will 
stay out of the scope of this thesis. Nevertheless, they can not be seen completely separate 
from the mercury problems, as everything is interrelated. The focus will be on mercury 
reduction or abatement, because this is considered as the most damaging part of the artisanal 
gold mining problematic. Within the technical gold mining process, the research will 
therefore be limited to the stages in which mercury is used; the concentration and extraction 
phases.  
 

1.4 Goal and Objectives  

 
Goal statement 
The general objective of this research is to make artisanal gold mining sub-sector more 
sustainable, in the sense that environmental pollution and health threats related with mercury 
use will be minimized. Instead of a source of anxiety, the artisanal mining sub-sector has to 
develop towards a sector that supports the Surinamese economy in a positive and stimulating 
way. The socio-economic benefits of artisanal mining have to be optimized.  
 
Specific objectives  
The specific objectives of this research are (1) to explore the most appropriate environmental-
friendly alternative technologies available, (2) to identify the barriers which prevent artisanal 
miners from the use of more sustainable technologies and (3) to make recommendations 
about the way in which these technologies could be implemented, in order to create a more 
sustainable gold mining sector in Suriname, both for the people involved and the natural 
environment.  
 
Results 
The research finally resulted in recommendations for the design of experiments and niche 
creation which can be used by the mining organizations, the government and non-
governmental organizations that are active in the artisanal gold mining field in practice. In 
addition, the use of SNM for research and implementation for this specific case will be 
evaluated and some recommendations and adaptations will be made for future use of SNM 
for similar cases in developing countries.  
 
Constraints 
The first constraint for this research is the access to the artisanal mining areas, because they 
are situated widespread in a large area in the interior of Suriname, which is difficult to reach 
due to bad infrastructure. Weather conditions and transport opportunities have determined the 
intensity of the field work. Second, language barriers have made interviews with miners 
difficult, especially with Brazilians. Third, because of the illegal or extra-legal character of 
artisanal gold mining, many miners are not happy with outsiders looking over their shoulder 
and making photographs. Fourth, there was a limited time-frame; the field work had to be 
completed within five months.  
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1.5 Research questions 

 
The research is based on three assumptions: 

1. Artisanal gold mining in Suriname is related with massive environmental destruction 
and health threats; 

2. Know-how is available to reduce the problems 
3. The Strategic Niche Management (SNM) approach seems to be ideally suited to 

channel this know-how.  
 
These assumptions lead to the following research question: 
 
How can Strategic Niche Management be used to bring about technological change and 

contribute to sustainable development of the artisanal gold mining sector in Suriname? 

 
This question cannot be answered without the answers on the following sub-questions: 
 

a. How can the current regimes of artisanal gold mining, corporate gold mining, 
regulatory and social structure be characterized?  

b. Which alternative technologies are suitable and affordable for the artisanal gold 
miners? 

c. Which attempts have been made in the past, and which lessons can be learned from 
this? 

d. How could the selected technologies be implemented and which preconditions are 
linked with these technologies? 

e. What are the major guidelines for successful implementation of these technologies? 
 

1.6 Methodology 

 
Problem analysis and approach 
The problems in the artisanal gold mining sub-sector are very diverse and widespread. A lot 
of different stakeholders all have their own interest and sub-problems. The problems are 
approached from the position of the ‘sustainable developers’, who are characterized by the 
opinion that artisanal gold mining is very destructive and has a negative impact on the 
Surinamese inhabitants and the natural environment. But at the other hand, that a transition of 
the sector could contribute tot sustainable and economic development of the country. The 
approach of the miners, who in the first place want to make money, is taken into account as 
well. The approach of the (imaginary) sustainable developers is in line with the ideas of 
organizations like the WWF and UNIDO.  
 
As discussed before, the technical approach has to be seen within a broader problem-solution 
framework. For example, the transition of the artisanal mining activities from an informal to a 
formal setting is of great importance for sustainable development and the economic 
contribution to the country. Noetstaller (1995) developed an overview of the integrated 
approach towards artisanal mining (figure 1.3):  



1 Introduction 

 

 9 

 
In order to solve the problems related to technology, the research model of Strategic Niche 
Management (SNM) is used to analyze the current situation in artisanal mining, corporate 
mining, the regulatory and social influences and the wider context. This is done both by 
literature study of the books and documents available in Suriname, and by field work. A 
number of mining areas were visited, current gold mining methods have been observed and 
actors at different levels have been interviewed. Next to a number of short visits to different 
mining areas, the Rosebel area has been studied in more detail. The miners and other types of 
actors were interviewed, and the possibilities and constraints for technological change were 
explored. The selection of these locations has been done based on accessibility, safety and 
willingness to cooperate.  
 
In the Rosebel area, gold is produced at a very large scale by Rosebel Gold Mines N.V., a 
subsidiary of the Canadian multinational Iamgold. Within the concession area of Rosebel 
Gold Mines N.V., a number of artisanal mining operations are exploited by the original 
inhabitants of the area. The building-up of an operation and the finishing off of another one 
has been observed, and the workers have been interviewed. The village of Nieuw 
Koffiekamp, which is located within the borders of the Iamgold concession, has been visited, 
where community members and other miners have been interviewed.  
 
The interviews with the miners and other actors are carried out in an informal way, so called 
‘free story’ interviews (Gaillard et al., 2002, p.90). The main goal of the interviews was to 
explore the barriers for sustainable development. Therefore it is important to find out how the 
miners think about the environment, their work, the technology they use, their own life and 
health, the future and the willingness to change. Because of the fact that the use of mercury 
and the illegality of their practices are sensitive topics, I chose to use an informal approach. 
During the observations in the Rosebel area and in the village of Nieuw Koffiekamp, I had 
personal conversations with many people, without pretending to have a real interview. In 
many cases, people came to me because they were curious and wanted to tell their stories. By 
creating a personal atmosphere, I discovered that the people became very open and honest.  
 
After analyzing the current situation, suitable alternative technologies have been explored, by 
researching literature about similar sectors in other countries. A number of alternatives have 
been selected, which have later been compared with the criteria of the different stakeholders. 
These criteria are based on the results of the fieldwork, during which an investigation of the 

 
• Regulatory/Legal 
 

• Technical/Financial 
 

• Environmental/Social 

 
• Establish an enabling 
environment 

• Alleviate constraints  
• Improve living/ working 
conditions 

KEY ISSUES INCENTIVES EXPECTED OUTCOME 

 
• Legal & structured mining 
• Improved productivity 
• Environmentally 
sustainable mining 

INFORMAL MINING FORMAL MINING 

Figure 1.3: An integrated approach towards artisanal mining (Noetstaller, 1995) 
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main constraints and barriers for implementation has been made. Past attempts to bring about 
change have been analyzed and the lessons learned have been used to discuss in detail the 
preconditions for the adoption of these alternative technologies. Finally, recommendations for 
the design of experiments and niche creation and the strategy and methods to overcome these 
constraints and barriers are laid out. 
 

 
 
Time frame 
After preparation in the Netherlands, the study in Suriname took about 5,5 months, from 
April until October 2007, of which about five weeks were spent in the field. The remaining 
time was spent on literature study, interviews of stakeholders and experts in Paramaribo and 
analysis of the collected data. Before returning to the Netherlands, a draft version of the 
report has been completed. 

Figure 1.4: Schematic overview of the research methodology 
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1.7 Structure of the thesis 

 
The theoretical framework, based on Strategic Niche Management, and the concepts used are 
explained in chapter 2. Chapter 3 describes and analyses the artisanal gold mining sub-sector, 
the corporate gold mining sub-sector, the regulatory background and the social aspects. The 
broader contextual landscape is analyzed in chapter 4. Alternative technologies and structural 
solutions are explored and assessed in chapter 5. The lessons learned from past experiences, 
the conditions for successful implementation, the design of niche experiments and an 
evaluation of the use of SNM are given in chapter 6. Finally, in chapter 7, the answers on the 
research questions, the conclusions and the recommendations are given.  
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2 Theoretical framework 
 

2.1 Introduction 

 
The solution to the problem of the implementation of sustainable gold mining technologies is 
illustrated by two approaches, that both fit into the same theory. The first is the theoretical 
approach of Hoogma et al. (2002, p.5), who argues that: “Ecological restructuring of 
production and consumption patterns, will require not so much a substitution of old 
technologies by new ones, but radical shifts in technological systems or technological 
regimes, including a change in consumption patterns (user preferences), regulations, and 
artefacts.” 
 
The second is the practical approach of the professionals who are already researching the 
possibilities for a better organization of the artisanal gold mining sector. “The transition 
towards new sustainable mining technologies could be carried out by setting up experimental 
mines, in which education and training can take place, in order to contribute to the 
transformation of artisanal mining from an unstructured illegal activity to a legal, sustainable 
and viable employment opportunity for the people of the interior” (Veiga, 1997).  
 
The idea to use a protected space to introduce new technologies and carrying out experiments 
fits perfectly within the ideas of the Strategic Niche Management (SNM) methodology. The 
first quote above reflects the main idea of SNM. In this chapter, Strategic Niche Management 
will be explained, and adapted to the Surinamese situation in order to develop a research 
framework. 
 

2.2 Strategic Niche Management 

 
Strategic niche management is defined as  
 
“the creation, development and controlled phase-out of protected spaces for the development 

and use of promising technologies by means of experimentation, with the aim of (1) learning 

about the desirability of the new technology and (2) enhancing the further development and 

the rate of application of the new technology” (Kemp et al., 1998, p.186).  
 

When a promising technology is placed in a protected space, it is given a chance to develop, 
to learn from the possibilities and constraints in practice and to build a network around the 
technology. Kemp et al. (1998) describe the aims of strategic niche management as follows:  

• To articulate the changes in technology and in the institutional framework that are 
necessary for the economic success of the new technology; 

• To learn more about the technical and economic feasibility and environmental 
gains of different technology options, i.e. to learn more about the social 
desirability of the options;  

• To stimulate the further development of these technologies, to achieve cost 
efficiencies in mass production, to promote the development of complementary 
technologies and skills and to stimulate changes in social organization that are 
important to the wider diffusion of the new technology; 
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• To build a constituency behind a product – of firms, researches, public authorities 
– whose semi-coordinated actions are necessary to bring about a substantial shift 
in interconnected technologies and practices.  

 
Strategic niche management is useful to stimulate a technological transition that will not take 
place by itself because of various barriers. These barriers can be found in the field of 
infrastructure, government policy, the existing regulatory framework, cultural and 
psychological factors, production factors and demand factors, like uncertainty and economic 
barriers (Kemp et al., 1998). Three key processes are important within SNM, namely 
networking, learning and the management of actor expectations (Caniëls et al., 2007).  
 
The SNM approach uses a multi-level perspective to study the implementation and adoption 
of new technologies. Technologies develop at niche level, which is embedded in a broader 
complex regime. The regime itself is in turn part of a wider contextual landscape consisting 
of material and immaterial societal factors that can change only slowly over time (Caniëls et 

al., 2007). The concepts landscape, regime and niche will be explained in the following 
paragraphs, and reflected on the situation in the Surinamese artisanal gold mining sector.  
 

 
Figure 2.1: Multiple levels as nested hierarchy (Geels, 2002) 

 

2.2.1 Niche level 

A niche is a field of application of one or more interrelated new technologies, in which some 
kind of protection is provided through subsidies or other types of preferential treatment. 
Niches are important in technological transitions because they facilitate processes of learning 
(about the technology and the market) and processes of societal embedding (capital 
formation, the set up of distribution, dissemination of knowledge, gaining of user acceptance, 
etc.). Niches play an important role in the evolutionary process of technological transitions, 
what we call technological regime shifts (Kemp et al., 2001, p.13). This role can be different 
for different situations. A niche can be incorporated into an existing regime (type 1 in figure 
2.1) or a niche can grow and become a new regime that eventually replaces the old one (type 
2 in figure 2.1) (Schot and Geels, 2007, p.12).  
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In order to create a sustainable artisanal gold mining sector, the niche can be an experimental 
mine, in which the alternative technologies are given a chance to become adopted by the 
miners. In this experimental mine, training and education will be provided, and the miners 
have to gain insight in the problems of the current technology and get motivated to adopt and 
use the sustainable alternatives in their own operations.  
 

2.2.2 Regime level 

A regime is believed to be highly relevant to the problem of achieving sustainable 
development and technological change. A technological regime can be characterized by 
dominant social, technical and economic forces that support the technology and its physical 
and non-physical infrastructure. Simply stated, a regime describes the normal way of doing 
things (van Eijck, 2006). It is important to know all aspects of the existing dominant regime, 
because its characteristics should be modified in order to make technological changes 
possible. Furthermore, when all characteristics of a regime are known, it’s weaknesses and 
instabilities can be addressed, which forms an opportunity for local experimentation and the 
creation of a niche.  
 
A technological regime is defined by Hoogma et al. as ‘the whole complex of scientific 
knowledge, engineering practices, production process technologies, product characteristics, 
skills and procedures, established user needs, regulatory requirements, institutions and 
infrastructures’ (2002, p.19).  
 
In this thesis, the focus will be on the artisanal mining regime. The artisanal mining regime 
consists of the way of organization of the sector, the norms and values within the sector, the 
economic circumstances and the way of working at the moment. The ultimate goal for the 
artisanal mining sub-sector is a regime shift towards sustainability.  
 
Next to the artisanal mining regime, three other regimes which are influencing the artisanal 
mining regime and the success of sustainable technologies within this regime can be 
distinguished. These regimes include the corporate mining regime, the regulatory regime and 
the social regime.  
 

2.2.3 Landscape level 

The landscape level in SNM is the macro-level, which includes aspects such as infrastructure, 
culture, political rules, international influences, prices and wages, demographic developments 
(immigration) and the environment. The landscape is characterized by slow changes, but it is 
also influenced by global (unexpected) events (van Eijck, 2006).  
 
Within the artisanal mining sub-sector, a number of landscape characteristics play an 
important role. This is based on conversations with experts and people involved, and 
literature about the local situation. These characteristics are mainly: immigration of 
Brazilians, bad infrastructure and accessibility of the mines in the interior, lack of regulation 
and control, cultural gaps, development of the gold price and environmental pollution.  
 

2.3 Discussion: distinguishing regime and landscape factors 
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Strategic Niche Management is a relatively new approach, and has not been used for practical 
implementation of new technologies yet. In theory and during the analytical phase it is not 
difficult to distinguish regime and landscape factors. In practice however, it will be more 
complicated to distinguish the levels regime and landscape, as discussed above, for many of 
the factors that influence the niche process. Therefore, in the practical application of SNM, 
which is the goal of this thesis, the recommendations about the contextual factors made by 
Caniëls and Romijn (2006) will be followed. They recommend in their article to structure the 
context of the niche in two groups, namely (1) preconditions that require to be fulfilled in 
order for SMN-type experimentation to be possible at all; and (2) facilitating conditions that 
stimulate or enhance niche processes, but that are not strictly required for those processes to 
be able to operate.  
 
Caniëls and Romijn divided the second category into two sub-groups:  
2a) facilitating conditions that cannot be manipulated in the short term (e.g. structural regime 
instability, sufficient institutional support, skills, knowledge and techniques, and a broad 
public support base), and  
2b) facilitation conditions that are amenable to (short-term) change through policy 
intervention (e.g. incentive policies, centralized planning activities, and direct network 
formation activities).   
 
 

2.4 Sustainability and sustainable development 

 
Sustainable development is defined by the UN World Commission on Environment and 
Development (WCED), better known as the ‘Brundtland commission’ in 1986 as ‘the type of 
development that meets the needs of the present generation without compromising the ability 
of future generations to meet their own needs’ (WCED, 1987).  
 
Sustainability is based on 
three pillars: Environment, 
Society and Economy (Ayre 
& Callway, 2005). In the 
artisanal mining sector, it is 
important to reach 
sustainability in all three of 
these pillars, as all three of 
them are threatened within 
the sector. The pillar of the 
environment has to become 
more sustainable through a 
reduction of mercury 
emission and a reduction of damage to the earth surface due to physical mining activities, 
such as deforestation. The pillar of the society has to become more sustainable through 
creating a better social environment, by organizing the miners, increase of their rights, and 
protection of their health, by a change of technology. The third pillar, of the economy, relates 
with the other two, because a sustainable environment and society makes a sustainable 
economy possible in the long run. Resources are used efficiently and will therefore be 
available for a much longer period. Furthermore, a sustainable and controlled artisanal 
mining sector can contribute to a high economic progress for the Surinamese economy. 

SUSTAINABLE 

DEVELOPMENT 

Environment 

Economy 

Society 

Figure 2.2: The three pillars of sustainable development 
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In sum, sustainable development of the artisanal gold mining sector in Suriname aims for the 
best use of the natural resource with efficient application of techniques that allow reasonable 
gold recoveries with minimal energy consumption and waste generation (Hinton et al, 2003, 
p.103).  
 
 

2.5 Adaptation of the theory to local circumstances – research 
framework  

 
Two applications of strategic niche management are important. The first is the use of SNM as 
a research tool, the second as a policy design tool. The first application of SNM will be used 
to analyze and describe the overall complex of the dominant technology, the artisanal mining 
regime and all its internal and external influences. A research framework or conceptual model 
for this part of the study can be found below. 
 
SNM as a research tool 
The model presented in figure 2.3 will be used for the analysis of the artisanal mining sub-
sector, in order to address the barriers, problems and places of instability that will be 
important for the creation of the niche. The three levels of Strategic Niche Management are 
used, in order to structure the various causes of the problems as stated in the problem 
statement in section 1.2.  
 
At landscape level, six main groups of influential issues are distinguished, based on the 
literature and conversations with experts and people involved. Within these six groups, many 
factors are determining and influencing the current regimes. These six groups and some 
examples are:  

• Regulation and control issues: execution and control of laws, presence in the interior, 
etc.  

• Regional and international issues: presence of Brazilians in an uncontrolled 
environment, mercury trade, etc. 

• Infrastructure and accessibility issues: long distances between mines, large mining 
areas, lack of roads and cheap transport possibilities, etc.  

• Market issues: prices for gold and mercury, availability of technology, etc.  
• Social and cultural issues: level of education, language difficulties, cultural 

differences, traditional societies, etc. 
• Environmental issues: deforestation, mercury pollution, etc. 

 
Next, four regimes are distinguished, which are assumed as the four most important regimes 
within the context of this research. The central regime is the artisanal mining regime, which 
is being influenced by three other regimes, namely the regulatory, corporate gold mining and 
social regime. This is visualized in figure 2.3.  
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Figure 2.3: Conceptual framework of artisanal mining in Suriname  

This figure shows how SNM can be used as a research model for a systematic analysis of the 
current situation. For the next step, SNM is used as a design tool.  
 
SNM as a design tool  
Within the artisanal mining regime, one or more niches have to be created in order to 
introduce and develop more sustainable gold mining technologies under protected 
circumstances that finally have to contribute to a shift towards a sustainable regime. This 
process will be explained by introducing the second application of SNM, namely as a policy 
design tool. SNM authors developed a five-step division for the niche creation process: 

1) The choice of technology 
2) Selection of the experiment 
3) The set up/implementation of the experiment  
4) The scaling up of the experiment 
5) Breakdown of protection by means of policy (Kemp et al., 1998) 

 
The process of this regime shift is shown in the next figure.  
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    Figure 2.4: SNM process   

 
All information that was collected during the first part of the study, about the current regime 
and landscape, will be used to make the decisions and choices in this second part of the study.  
Therefore, this information will be used to structure the context of the experiments and niche 
development into two groups, as discussed in 2.3, namely (1) the preconditions and (2) the 
facilitation conditions that make niche creation and experimentation possible. The division of 
short term and long term facilitating conditions that Caniëls and Romijn have made will not 
be used in this case. Their division is not useful in the Surinamese situation which is 
characterized by a lack of governmental and institutional capacity.  
 
After the preconditions and facilitating conditions are determined, the five SNM steps will be 
designed and developed. These steps include the following: 
 
Step 1: The choice of technology 
A first important advice for this step is to start simple and add complexity in later stages. 
Secondly, the presence of a change agent who champions the innovation is a crucial aspect. A 
change agent can be seen as an entrepreneur who builds a new technological system. His or 
her characteristics are outwardly oriented, open, adventurous, tolerant of uncertainty, flexible 
and able to facilitate others rather than to control them and they need to have a capacity for 
learning (Caniëls & Romijn, 2006, p.9). Thirdly, the new technology must be broad enough 
to keep different technological options open in the beginning, but at the same time, it must be 
specific enough to offer a plausible promise of benefit to stakeholders. Finally, the chosen 
technology must have organizational characteristics or requirements that are close to the 
existing regime, but with promises of substantial changes in the long term (Caniëls & 
Romijn, 2006, p.9). 
 
In sum:  

• Start simple  
• Presence of a change agent (innovation champion) 
• Keep technological options open 
• Stay close to the existing regime 

 
Step 2: The selection of an experiment 
The first two aspects of step 1 are also of importance in step 2. Next to these aspects, it is 
important to aim high, but not too high. The experiment must be a challenge for the actors 
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involved, but the objectives must be achievable within a reasonable time frame. Secondly, 
communication between user and producer (or technology experts) must be stimulated, 
already from this early stage. Users have to be able to communicate their requirements in 
order to make it possible for the experts to improve the technology in the right way. Lead 
users play a key role at this stage. These lead users are representative for the large majority of 
the potential adopters, but are faster in their adoption, and thus faster in their comments 
(Caniëls & Romijn, 2006, p.9-10).  
 
What is also of great importance in this step, and which is not mentioned in the literature, is 
the selection of the location(s) or site(s) where the experimentation should take place. In 
Suriname, artisanal gold miners are spread over a large area. It is important to find a place 
that is visited by many gold miners, where the accessibility is good, and where the 
community is willing and able to cooperate. Criteria for site selection should be developed. It 
is important to note that in advanced economies, where SNM is developed, good 
infrastructure is always available. This is not the case in Suriname.  
 
In sum:  

• Start simple 
• Presence of a change agent 
• Aim high but not too high 
• Communication between users and experts and the role of lead users  
• Selection of the location (!) 

 
Step 3: The set up / implementation of the experiment 
In this step, the literature speaks mainly about learning processes. In the following paragraphs 
a summary of step 3 in the article by Caniëls & Romijn (2006, p.10-13) will be given.  
 
During this third step, the role of the innovation champion is again important. He or she 
should set the goal, constitute the actor network, and facilitate the actual learning process. 
Next to this, the innovation champion or a policy maker should formulate a long-term policy 
strategy and design incentive policies.  The general focus of these activities should be on 
stimulating and maintaining learning in networks. This learning includes the discovery of 
problems and how to solve them, adjustment of the technology to fit into the existing socio-
technical regime, various uses of the technology, suitable commercialization strategies and an 
exploration of the types of market pressures that could be operational in the experiment 
(Caniëls & Romijn, 2006, p.10).  
 
There are, in addition, a number of managerial principles important that can be associated 
with effective ongoing learning by the network actors. The first principle is ‘build on what is 
already there’, in terms of actors’ knowledge, skills, experiences, network relations, assets, 
etc. This information will be resulting from the analysis in the first part of the study. 
Secondly, the overall strategy should be ‘going with the flow’, in which the ongoing 
dynamics of socio-technical change are used, while policy measures push the learning 
process in the desired directions. Thirdly, the chance of success is higher when ‘several 
technological trajectories or promising options are explored in parallel’. In this way, different 
actor groups can learn from each other (Caniëls & Romijn, 2006, p.11).  
 
Successful learning can be ensured some practical rules of thumb. The two principles of 
starting simple (technology) and aim high but not too high (management) are already 
mentioned in the previous steps. Next to these principles, all actors in the experiment must 
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have an attitude of openness and flexibility and they must ensure sufficient protection. This 
protection can be reached by policy measures such as subsidies or tax relief, but also by 
ensuring R&D funding commitments by private actors participating in the experiment. The 
incentive structure must consist of ‘a judicious combination of carrots and sticks to keep the 
learning on track’. Past experiences have to be analyzed to learn from failures and successes. 
Independent external evaluators should be assessing the progress in the experiment. Active 
involvement of project partners is essential, and the local stakeholders need to achieve a 
sense of ‘ownership’ over their project, so that they identify and feel responsible. Finally, it is 
important to ensure continuity in the learning process, in order to avoid losing important 
lessons for future use (Caniëls & Romijn, 2006, p.11-12).  
 
In sum, a lot of factors influence the success of the experiment and the learning process. The 
article of Caniëls and Romijn unfortunately stays very theoretical. During the analysis the 
practical implementation of these factors should become clear for the specific gold mining 
case.  
 

Step 4: Scaling up of the experiment 
The SNM literature does not provide detailed information about this step yet. However, the 
main task of this step is a shift to the creation of a viable market niche. It is advised ‘to look 
for opportunities to replicate an experiment and try to keep the experiences stored in a 
network, and to customize the innovation when the pioneer market turns into a mass market’ 
(Weber et al., 1999, cited by Caniëls & Romijn, 2006, p.13).  
 
Step 5: Breakdown of protection by means of policy 
Also for this step, not much literature is available. However, the dismantling should be done 
gradually. Furthermore, it is important to assess correctly if the technology is able to survive 
the market forces. Political considerations are likely to play a major role in the decision 
process. This is tricky, because many experiments with infant industry protection in 
developing countries have failed at this stage, due to a lack of planning for an orderly and 
timely withdrawal of protection, or underestimation of the length and extend of the required 
learning trajectory (Caniëls & Romijn, 2006, p.14).  
 

2.6 Concluding remarks 

 
With the use of Strategic Niche Management, first the situation in the artisanal gold mining 
sector is analysed and second, recommendations for improvement and sustainable 
development are made (see next chapters). The five steps described above are used as a 
guideline to set up experiments. In section 6.5, these steps are (roughly) elaborated based on 
the results of the preceding analysis of the current situation and the possible alternative 
technologies. The five steps provide important directions and recommendations that should 
be taken into account while executing niche experiments for the promotion of technological 
change.  
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3 Regime description and analysis 
 
In this section, the four regimes as explained in the theoretical framework will be described 
and analyzed. The first is the artisanal mining regime, the central regime in this research. The 
three most influencing regimes, the corporate mining, regulatory and social regime will be 
described and analyzed subsequently. The four regimes can be merged into one large ‘mining 
regime’, but to emphasize the complexity of the problems in the artisanal mining sector, it is 
chosen to discuss the ‘sub-regimes’ separately. For the practical descriptions, field 
observations in Villa Brazil (May 2007), Rosebel Gold Mines and Nieuw Koffiekamp (July 
2007) and Kriki Neigi (August 2007) are used. The results of the observations and interviews 
in the field are analyzed as well in this section and give an overview of the knowledge and 
beliefs of the actors in the interior.  
 

3.1 Artisanal mining regime 

 
In general, the low barrier to entry in terms of skills, capital and infrastructure is the principal 
attribute of artisanal mining. But uncontrolled artisanal mining has several negative effects: 
unacceptable environmental practices, poor social, health and safety conditions, illegal 
mining and marketing and waste of resources. Most of these harmful effects are directly 
related to technical and financial limitations (Noetstaller, 1995).  
 
For the description of the Surinamese artisanal mining regime, we will start at the basis, with 
the geological characteristics. Subsequently, the current circumstances, the current 
concentration and extraction technologies, the actors, norms and values and geography will 
be described.   
 

3.1.1 Geology 

Geologically, Suriname can be divided into a crystalline basement, or shield area, and the 
coastal plain. This coastal plain is divided into three zones. The young coastal plain consists 
of clay interspersed with sand and shell ridges. The old coastal plain is similar to the young 
coastal plain but with slightly higher elevations and relief. The third zone is the savanna belt, 
which consists of bleached quartz sand. The shield area covers more than 80% of the area of 
the country, it is a hilly landscape covered with dense tropical rainforest (Healy & 
Heemskerk, 2005, p.13). 
 
The major gold deposits are associated with the ‘greenstone belt’-formations, islands of 
twisted, ancient rock metamorphosed from basaltic lava and topped by sediments. The 
Marowijne Group greenstone belt, a part of the transamazonian greenstone belt, starts south 
of the savanna belt in Central-Suriname and transects the shield area in south-easterly 
direction, ending in the south east corner of the country. Then there is also an east-west trend 
from the Gros Rosebel Savanna to Langatabiki. Probably, more greenstone-formations are 
present but still undiscovered (Healy & Heemskerk, 2005, p.13-14).  
 
There can be made a distinction between three basic types of gold deposits, which determine 
the type of mining. The first are the primary or lode (vein) or hydrothermal deposits, that are 
primarily exploited by medium- and large-scale hard rock mining enterprises that are making 
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use of a rock crusher. These 
deposits are formed by a 
hydrothermal process in which 
circulating hot water dissolves 
the gold from its source rocks 
and precipitates it elsewhere in 
highly concentrated form.  
 
The second are the alluvial or 
placer deposits, mostly mined 
by artisanal mining enterprises 
or individuals using hydraulic 
mining methods. Placer 
deposits are formed as a result 
of weathering and erosion in 
creeks and rivers. The water-
born heavy materials such as 
gold, platinum and tin are 
sorted out during transport by 
their density and durability. 
Concentration as placer 
deposits takes place wherever 
flowing water slows down.  

 
A third type of gold deposit (also mined by artisanal miners using hydraulic mining methods) 
is the result of secondary enrichment. This process requires a warm climate, abundant 
atmospheric water, permeable bedrock (to promote groundwater flow) and a soluble matrix 
surrounding economically valuable materials. With this process, the metals become 
concentrated either when other minerals weather and dissolve, leaving a metallic residue at or 
just below the surface or when metals dissolved by groundwater are precipitated elsewhere in 
concentrated form (Healy & Heemskerk, 2005, p.14 and Chernicoff, 1995, p.581-585).  
 
The gold mining activities are determined by the concentration of gold in a certain area. Gold 
mining is only possible at places where the gold is highly concentrated by the chemical and 
physical processes described above. The feasibility of the mining activities depends on the 
concentration and the world market price of gold, the recovery rate and processing costs. 
Rosebel Gold Mines N.V. processes in areas with about 1.5 gram gold per ton ore, artisanal 
mining is feasible in areas with 3 to 5 gram per ton or more (www.iamgold.com).  
 

3.1.2 Development of the current dominant regime  

The current circumstances in the artisanal mining regime have been developed because of the 
economic isolation during the interior conflict in the 1980s, the serious economic recession 
and hyper-inflation, shortages of foreign currency, the lack of employment opportunities for 
thousands of uneducated young men in the interior and the increase in the gold price during 
the past three decades. The geographical conditions in Suriname force the people of the 
interior to mine gold instead of lumbering, hunting or fishing as a source of income. The 
distances are too long for affordable transport to the markets in the city. Gold gives the 
artisanal miners immediate access to the hard currency needed to finance essential equipment 

Figure 3.1: Location of the Greenstone belt (Wirht, 2007) 
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as chainsaws, generators and outboard motors. These tools are important for the quality of 
life in the interior (Gemerts et al., 1998, p.89).   
 
The economic downturn mentioned above also resulted in a decrease of government and 
police control and inspection in the interior, because the financial resources needed were 
lacking. At the moment, mechanisms of control in the various mining areas are almost non-
existent. The field stations of the Geological Mining Service (GMD) are no longer functional 
(Gemerts et al., 1998, p. 89). The lack of control creates opportunities for illegal practices. 
Many mining operators do not have a mining permit and employ illegal Brazilians.  
 
In the mean time, the technology used has become more and more advanced. 10 years ago, 
almost everything was done by hand. The production was much lower, as well as the 
environmental damage. Nowadays, excavators and heavy pumps are used in the majority of 
the artisanal mining operations.  
 

3.1.3 Current technologies  

Within artisanal gold mining with mercury amalgamation as extraction process, different 
technologies can be distinguished. These technologies will be explained in this subsection. 
The dominant technology is hydraulic mining; other used technologies are panning, rock 
crushing and metal detectors. All technologies (except from the metal detectors) use 
furthermore amalgamation to bring the gold together. The technologies described are based 
on observations and literature, but of each method or technological piece of equipment, many 
different variations exist. No matter how, the first stage of all mining activities is prospecting.   
 
Prospecting 
Prospecting is an essential stage in the gold mining process, and is especially important for 
sustainable development of the sector. Prospecting activities have to be carried out to get an 
indication of the outcome of the planned mining activities. It is important to have information 
about the feasibility of the operation. A large part of the environmental damage can be 
reduced by adequate prospecting. Without prospecting, gold mining becomes a destructive 
gambling game.  
 
The methods and technologies for prospecting in the 
artisanal gold mining sector are not observed in practice, 
simply because of the fact that prospecting is hardly carried 
out. Many miners work in areas where their parents and 
grandparents have worked. Improved methods and 
techniques make it possible to recover the gold that the 
ancestors have left behind.  
 
Hydraulic mining 
Hydraulic mining is done in areas with alluvial gold (placer 
deposits) and areas with secondary enrichment. When 
prospecting activities (or rumors) indicate the presence of 
gold, artisanal miners start mining in an area. The trees are 
felled and the top soil is removed. An excavator or 
bulldozer is used to place the layer of ore that contains gold 
on a pile. This ore is ‘fluidized’ with water under high 
pressure, and becomes slurry that flows into a channel or 

Figure 3.2: Hydraulic mining, the 

pit channel, Villa Brazil, 26-5-2007 
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pit. At the end of the channel, the slurry is pumped up and goes through a tube to the sluice 
box, where gravity concentration takes place. The heavy gold or amalgam particles are 
collected in the riffles and mats of the sluice box. The sluice box is most of the time only 
cleaned at the end of the operation after about 10 to 14 days. 
 
An average hydraulic mining operation exists of a team of about 10-12 people and a set of 
machines: an excavator and two pumps, one to pump up the water for the hoses, and one for 
pumping the slurry to the sluice box. During the work, the team stays in a provisional camp 
near the machines and the sluice box. The team exists of the machine owner, the excavator 
operator, an operation assistant, a cook, a service provider and about six workers of which 
one is the foreman. At some sites, they use a double shift, so that the work can go on for 24 
hours per day.  
 
The work starts with building up the installation of the sluice box, the slurry pipe, the pumps 
and the water hoses. After the excavator has made a pile of ore and dug the slurry pit, the 
work can start. Mercury is (in all of the observed sites) poured on the pile of ore, just with 
bare hands. Two workers are handling the water hoses; one is standing in the slurry in the pit 
to remove waste materials like roots and stones. The others are mainly watching, and waiting 
until it is their turn. The work continues for 10 to 14 days, after which the process finishes. 
Then the pit is cleaned to make sure no gold remains on the bottom, and then the sluice box is 
emptied. The larger gold particles (nuggets) are picked out first. The riffles and mats are 
removed and the mats are one by one washed and beated to remove the gold and amalgam 
particles. These are collected on the wooden bottom of the sluice box, and again mixed with 
mercury, by hand. A mix of water, sand, amalgam and stones remains, and this is put into a 
pan. With water, the waste material is washed out, and the amalgam remains. Finally, the 
amalgam is heated (in the observed case at RGM) by putting it on a cook stove, near the hut 
where the food is prepared. The pan is covered with some leaves, “to catch the mercury”, but 
there is enough space for the mercury vapors to escape. After about half an hour, the gold is 
left over. It is immediately weighted and divided amongst the team. The workers earn 
together 20% of the gold (3.3% each)2. The gold is sold at gold buyers in the city of 
Paramaribo. After a few days spending their money in the city, the miners return to the 
mining area to start all over again, sometimes next to the old pit, sometimes at a new location 
(Observations Villa Brazil, May 26, 2007 and RGM, June 26, 2007). A photo presentation of 
the building-up of the operation can be found in the appendix. 
 
The process described above is in short the most common gold mining process for artisanal 
gold mining in Suriname. After loosening the ore by making slurry, several steps can be 
distinguished. The first is concentration of the ore, mostly done by making use of gravity in a 
sluice box or a pan. The second step (in theory) is amalgamation, by which the gold is further 
concentrated and separated from other materials. The third step is separation of the gold and 
mercury. Observations and interviews in the Rosebel area prove that this order is not exactly 
followed. In this area, mercury is already added in the beginning of the process. Per week, 
about 2kg of mercury is thrown on the pile of ore. The miners believe that this is the best 
method, because “it makes the gold heavy” (observations and interviews RGM, July ’07). 
 

                                                 
2 For the observed case, the yield was about 1500 grams, at 14 euro per gram. The total value is 21.000 euros; a 
worker earns 693 euro per two weeks. 
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After having described the most common method of artisanal gold mining in Suriname, the 
different concentration technologies that are used, and that are in some cases part of the 
dominant method, will be described in more detail in the following paragraphs.  
 
Concentration technologies 
 
Sluice box 
A sluice box is a sloping, flat-bottomed trough or 
channel that can capture particles of gold and other 
heavy minerals. Sluice boxes are in general made of 
wood, lined with carpets and metal riffles or with 
copper plates. It is used to concentrate the gold, using 
the difference of specific gravity of gold and other 
(waste) materials. It is important to keep in mind that 
large particles of light minerals behave like small 
particles of a heavy mineral. The efficiency of a 
sluice box is therefore dependent on the uniformity of 
the size of the particles. Advantages of the sluice box 
are its simple construction and easy operation, and therefore they are widely used all over the 
world.  
 
During the mining process, ore is mixed with water and the slurry is pumped to the sluice box 
and poured down the trough. The heavy particles are staying behind in the riffles and carpet 
or other material that is used to line the bottom of the sluice box. Sluice boxes are used in 
various sizes; some of them can process 150 m3 ore per hour (Veiga et al., 2006). 
 
The use of sluice boxes can have various negative impacts on the environment. First, the high 
volume of ore processed can put large amounts of silt into streams and rivers, which damages 
regional water supply. Second, with whole ore amalgamation, mercury is carried downstream 
and ends up in the tailing ponds and in most cases eventually in the creeks and rivers.  
 
Despite its simple construction and operation, a sluice box has an underlying complexity that, 
if properly understood, can be used to improve the performance. It is difficult to design or 
operate a sluice box optimally. A well-designed sluice insures that the maximum amount of 
gold can settle near the bottom of the slurry stream where it can be caught by trapping 
mechanisms such as carpets or riffles. The speed and depth of the slurry stream – related to 
the slope, the input and the width of the sluice box – the continuity of the stream, the size of 
the particles and the type of trapping mechanism are important. The flow velocity must be 
adjusted to fit both the range of gold particle sizes in the feed, as well as the trapping 
mechanism used.  It becomes clear that a sluice box has many operational parameters. These 
parameters fall into three distinct categories: the feed, the design of the box and the gold 
trapping mechanism.  
 
The ore “feed” parameters: 

• Flow velocity (speed) down the box 
• Solids to water ratio of the feed 
• Particle size of gold 
• Particle size range in the feed 

 
The “sluice box” design parameters:  

Figure 3.3: Sluice box in Villa Brazil 
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• Length of the sluice box 
• Width of the sluice box 
• Gradient (slope) of the box 

 
The “gold trapping system” parameters:  

• The type of lining 
• Enhancements such as riffles (GENCAPD, 1999) 

 
All these parameters can be adjusted to get an optimal set up of the sluice box.  
 
A sluice box can be cleaned as often as necessary, by removing and washing out the trapping 
mechanism. On the RGM concession, the artisanal miners do not wash the sluice box very 
often, because it is a lot of work and they are afraid of robbers. When the gold stays in the 
sluice box, it cannot be stolen easily. This influences the production as well, because when 
the sluice box contains a lot of gold, it can be washed out by the tailings easily (observations 
Rosebel gold mines 26-6-’07).  
 

Panning 
Panning is the most ancient form of gravity concentration. The circular or back-and-forth 
movements of ore and water in a pan causes the heavy minerals to settle to the bottom of the 
pan while the lighter waste material flows out. Worldwide, pans have different shapes and are 
made of various materials, like wood, plastic or metal. Sometimes even cooking pans or 
kitchen bowls are used. They often have a slightly rough surface or a few riffles to hold the 
gold a bit in place. Panning is efficient and a very low cost method, but miners can only 
process small amounts of ore in a day (Veiga et al., 2006, p.47-48).  
 
Nowadays, the panning method is still used for prospecting and by miners who do not have 
another place to work. In the village of Nieuw Koffiekamp, the children at school were 
telling that they try to find gold by panning in the creek and in tailing ponds of mined areas in 
their spare time (observations Nieuw Koffiekamp, July 2007) 
 
Panning is also used during the amalgamation process (with mercury) for the separation of 
the mineral waste and the amalgam. This takes place in water boxes, pools excavated in the 
ground or at creek margins (river sides), were the tailings are usually dumped into a water 
stream and create a so called ‘hot spot’ (Veiga, 1997). 
 
Rock crushing  
Not all types of ore are appropriate for hydraulic mining. At more 
and more places, rock crushing is used by artisanal miners to mine 
hard rock gold deposits. On the way between Villa Brazil and 
Paramaribo, at Loksi Ati, a small mine has been visited. This mine 
works underground near a quartz vein. A vertical shaft of 11 
meters deep ends in a horizontal gallery by which the quarts vein 
can by reached. The quarts is cut out and brought out of the mine, 
where it is crushed by a small crusher and processed in a small 
sluice box, covered with copperplates with mercury.  
 
At a mine site named Kriki Neigi, near Brownsweg in Brokopondo, open pit rock crushing 
takes place. An excavator is used to dig out a hill and the ore is divided among four small 
crushers. They are fed by hand, water is added and the pulp flows over a narrow sluice box 

Figure 3.4: gold mine shaft 

Loksi Ati (May 2007) 
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that has two parts. The first part is covered with copper plates 
and mercury, the second with the same mats that are used in 
hydraulic mining. Only one pump is used, to pump up the 
water from a pond to the crusher (observations Kriki Neigi, 
18 August 2007).  
 
During the field work in Nieuw Koffiekamp, a group of 
miners was busy with the preparations of a new operation, for 
which they will use rock crushing to mine out a hill. The 
rocks will be crushed by the crusher, water will be added and 
the slurry will flow to a sluice box (observations Nieuw 
Koffiekamp, July ’07).  

 
The rock crushing method has a number of negative environmental impacts. Copper plates 
with mercury are used in the sluice boxes, which is damaging because of the large amount of 
mercury that is scraped off by the tailings and ends up in the environment. Secondly, the 
miners dig out the hill, which is extremely damaging for the natural landscape. Underground 
mining forms an exemption, because the natural landscape is not that much affected, hardly 
any wood needs to be destroyed.  
 
Metal detectors  
Another, very different method that is used to find gold are metal detectors. They are used to 
find gold nuggets. This method is very environmentally friendly, hardly any forest needs to 
be destroyed and no mercury is used. Miners simply walk around with the metal detectors 
(locally called ‘pieuw pieuw’) and dig out the places that the detector appoints. A 
disadvantage of this method is that the results are very insecure. Miners with a metal detector 
sometimes do not find anything for weeks. Their income is very much based on luck.  
 
Amalgamation 
 

After or during the concentration of the ore, the small gold particles have to be brought 
together, and separated from the useless materials. Amalgamation with mercury is the 
common procedure to do this. There are many methods to amalgamate gold. Amalgamation 
can take place in a continuous process, whole ore amalgamation, or in a discontinuous 
process: amalgamation of gravity concentrates only. Both procedures will be discussed now.  
 
Whole ore amalgamation 
For whole ore amalgamation, mercury is spread on the ore pile before the slurry is made, it is 
mixed with the whole ore in the pit channel, is put in sluice boxes during gravity 
concentration or the whole ore is amalgamated using copper plates. Whole ore amalgamation 
is a bad practice. It causes high environmental pollution, high contamination of the miners 
and significant mercury and gold losses, but it is still used in a large part of the mining 
activities. Unskilled miners belief that mercury moves throughout the dirt to capture all 
available gold (Hinton et al., 2003, p.102).  
 
Copper plates are stationary copper sheets covered with mercury. It is a form of sluice where 
mercury is used as the trapping mechanism instead of riffles or carpets. Amalgamation takes 
place when the gold particles in the slurry contacts the mercury coated plate surface. The 
efficiency depends on the velocity of the flow: low enough that the gold particles have the 
time to sink and high enough so that the other minerals do not remain on the plate. Usually 

Figure 3.5: Rock crusher with 

sluice box (Kriki Neigi, 18-8-‘07) 
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the efficiency is low, mercury droplets are carried away with the tailings and when the plates 
are scrapped to remove the amalgam, miners are exposed to high levels of mercury vapor.  
 
Sometimes mercury is put in the riffles of sluice boxes. When the slurry with gold flows 
through the sluice, the riffles trap the gold and the amalgam is formed simultaneously. Miners 
believe that the gold recovery can be improved by this method, but that is not true. The 
contact time is too short to amalgamate the gold and a lot of mercury is lost in the tailings 
(Veiga et al., 2006, p. 56-57). 
 
In the Rosebel area, where whole ore amalgamation takes place, it was observed that at the 
end of the process, when the sluice box was cleaned, another amount of mercury was used. 
The amalgamation took place in the sluice box itself, after the riffles and mats were removed. 
The mats were washed in the sluice box and the contents were mixed with some more 
mercury. The material was collected in a pan, and the amalgam finally remained.  
 
Amalgamation of gravity concentrates 
The various processes in which only the gold-rich gravity concentrates are amalgamated are 
much more efficient and safer. A discontinuous process can recover over 90% of the gold. 
The amalgamation time should be long enough, but not too long because of the ‘flouring 
effect’ when the mercury is mixed too long with the concentrate. This effect occurs when 
mercury loses its coalescence (capacity to hold together) and forms lots of minuscule inactive 
droplets. Miners can use an amalgamation drum or manually mixing in a pan.  
 
An amalgamation drum is a small steel or plastic drum that receives batches of gravity 
concentrate and mercury:  1 part of Hg for 100 parts of concentrate. The drums are rotated 
manually or by an electric motor. Some rubber balls can be added to mix the concentrate with 
the mercury and improve the contact between the mercury and the gold particles. After 
amalgamation, the waste is separated from the amalgam and excess of mercury is removed, 
usually by panning.  
 
Instead of using a drum, most artisanal miners prefer to amalgamate manually by mixing in a 
sluice box or pan. This method does not always provide enough contact between the mercury 
and the gravity concentrate to get good recovery. Manual amalgamation is often done near 
rivers or streams, leading to mercury contamination of the watercourses. (Veiga et al., 2006, 
p.57-58).  
 

Box 1: Mercury (Hg) 

 
Past and present use 

Mercury has been used for more than 2000 years to separate gold from other materials. Mercury has been 
widely used in pans, in sluice boxes or in copper plates. In the USA for example, between 1860 and 1895 
more than 12,000 tonnes of mercury were lost to the water streams of California. A common illness in that 
area was called ‘mercurialism’, a serious disease among gold miners.  
 
Until recently, mercury is used for dental amalgams, electrical switches and relays, measuring and control 
equipment, energy-efficient lighting and disposable batteries. But one of the most important consumers are 
the artisanal gold miners who use between 800 and 1000 tonnes annually worldwide, mostly in developing 
countries. The mercury enters the countries to be used in electronic or chemical industries or by dentists.  
 
Characteristics 

Metallic mercury is a heavy metal with specific gravity of 13.5, is liquid at ambient temperature and has its 
boiling point at 357 ˚C. Metallic mercury has a low vapor pressure, which means that it also evaporates at 
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ambient temperature. The vapors are very toxic. It is important to cover mercury with a centimeter of water 
inside closed containers. Normal mercury levels in the air are about 0.01 µg/m3 in urban areas. The limit for 
public exposure is 1.0 µg/m3. When burning amalgam in open air, miners can be exposed to Hg levels 
around 60,000 µg/m3 

 
Mercury forms amalgams with all metals except iron and platinum. Gold can combine with mercury 
forming a wide range of compounds. The three main amalgams are: AuHg2, Au2Hg and Au3Hg.  
 
Dangers 

Metallic mercury vapors are absorbed through the lungs. This is most significant for miners and gold shop 
workers who are directly involved in handling and burning metallic Hg, but the vapor can also affect 
surrounding communities indirectly. When the vapor is absorbed through the membrane of the lungs, it 
complexes in the blood and tissues, before reacting with biologically important sites. Short-term exposure 
to high Hg-levels causes clinical symptoms that mainly involve the respiratory tract (coughing, pain in the 
chest). Acute exposure causes delirium, hallucinations and suicidal tendency, exaggerated emotional 
responses and sometimes muscular tremors. Long-term, low-level Hg vapor exposure causes symptoms of 
fatigue, irritability, loss of memory, vivid dreams and depression. Furthermore, chronically exposed people 
are getting a metallic taste and gum diseases such as gingivitis and ulcers. Kidneys are the most affected 
organs when one is exposed to high mercury vapor levels, while the brain is the dominant receptor during 
long-term exposure. Mercury is very dangerous for the growth and development of small children; it has 
harmful effects on the development of the nerve-system and their brains.  
 
Not only the miners, their families and neighbors are contaminated by mercury that is used to amalgamate 
gold, also the entire environment is in danger. Mercury contaminated tailings that are dumped into the river 
will be carried downstream and dispersed over a very wide area. At the river bottom, it transforms through 
a biological process into methylmercury (CH3Hg), which is absorbed by worms, snails and insects and then 
becomes highly concentrated in fish, especially in piscivorous, fish eating fish. Eating this fish by the 
people downstream, or in the city, can pose a great health risk 
(Veiga et al., 2006, p. 53-55, 85-87 and 108-111) 
 

 

 

Amalgam separation and decomposition 
The first step in the amalgam separation process is the remove of excess mercury, because 
not all the mercury added to the concentrate forms amalgam. In general, miners squeeze off 
the excess mercury through a piece of fabric, but it can also be done by centrifuging. The 
recovered mercury can be reused. Next, the mercury is separated from gold by heating the 
amalgam above 360˚C. Mercury becomes volatile and leaves the gold behind in solid state. 
Amalgam decomposition can be done by retorting, but is usually conducted by burning in 
open pans using a blowtorch or a cooking stove as the heat source, which results in air 
pollution and dangerous situation for the health of the surrounding people. Without the use of 
retorts, 50% of the mercury that was introduced in the amalgamation process is released in 
the atmosphere. Mercury vapor condenses shortly after the evaporation and falls back to the 
ground. This mercury easily transforms into methylmercury in aquatic environments, which 
bioaccumulates in the fish people like to eat (Veiga, 1997 and observations RGM July ’07)).  
 
 

3.1.4 Overview of actors 

• Persons directly employed in the artisanal gold mining sector 
o Pit workers  
o Machine owners 
o Operators  
o Operation assistants 
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o Cooks 
• Investors in gold mining enterprises, outfits and equipment 
• Owners of gold mining concessions 
• Service providers to the gold mining industry 
• Buyers and processors of gold & other valuable minerals 
• Shops that sell gold mining equipment 

 
 

3.1.5 Results of observations and interviews: attitudes and beliefs  

 
In this sub-section, the results of the field research involving the attitudes and beliefs of the 
people working and living in the mining areas will be described and analyzed.  
 
1) Results of observations and interviews mine site ‘Roma’, RGM 10-12 July 2007 

 
Number of people interviewed: 7 (1 machine owner, 1 foreman, 1 cook, 1 operation assistant, 
3 workers) 
 

Attitude towards the work 
Heavy Physically and mentally heavy: workers are missing family in the 

city. But the advantage of the Rosebel gold mine area is that it is 
relatively close to the city (2-3 hours), and that mobile 
communication is possible.  

Short period  Most miners work only a few years to save money for the future and 
to be able to buy their own piece of land to build a house on. You 
can only do this work when you are young. After gold mining they 
want to work for the (military) police, as a bus- or taxi driver or start 
their own business as a carpenter. 

High earnings An average worker earns a lot; they divide 20% of the production 
amongst about 6 workers. A production of 3-4 kg per month results 
in about 1500- 2000 euros per worker per month. Although the 
camp is very primitive, the workers own the latest cell phones, a TV 
with DVD-player, a freezer and a washing machine.  

Only opportunity to 
earn enough without 
higher education 

Most miners do not have a high school degree, which makes it 
impossible to find a well-paid job in the city. Gold mining is the 
only option to earn enough to be able to save some money for the 
future.  

Freedom Freedom is very important for the workers. In general, they 
absolutely do not want to work for a company like RGM, which 
they see as a prison, in which you have to work too hard. They do 
not like to follow rules.  
 

Technology used: hydraulic mining with whole ore amalgamation 
Based on experience During the build-up of the installation, everything is done by 

experience. Nothing is measured exactly; the slope of the sluice box 
is estimated roughly, with the naked eye.  

Team work The team is working very well together. Everyone has its own task, 
and the building of the installation goes quite fast, it takes one and a 



3 Regime description and analysis 

 

 31 

half day. The excavator is used very efficiently, and helps with 
carrying the heavy equipment and putting everything in place.  

Alternatives  The workers and the foreman do not think that there are alternative 
methods. They think that the method they use is the only possibility 
to extract gold. And they are satisfied with it because the results are 
good.  
 

Environment  
Destruction of the area The removal of the trees and the damage they create is just part of 

the work and the method they use. Becoming rich in a short period 
is their only goal. It is inefficient to clean up the place after they are 
finished, so they just leave it as it is.  

Deforestation Trees have to be removed to reach the soil, but they remove every 
tree in the surrounding, because of the danger that the trees could 
fall down on them.  
 

Regulation 
Rules  Although the miners are working within the concession of RGM, 

there are hardly any rules they have to keep. RGM tells them where 
they are allowed to mine, and they have to give a percentage of the 
production (5%) to the village of Nieuw Koffiekamp, for 
community building. Machines that operate at the wrong places are 
removed from the concession. RGM is now planning to force the 
artisanal miners to clean up and equalize the mined areas.  
 

Mercury 
Use of mercury Mercury is spread on the soil that is expected to contain gold, at the 

beginning of the process. The workers and machine holder believe 
that this is the best method because “it makes the gold heavier”. In 
fact, this is very inefficient and results in unnecessary pollution, but 
they do not know this. In their view, the use of mercury is inevitably 
linked with gold mining, so there is nothing to discuss about. 

Awareness The workers know that mercury is dangerous, but not exactly how 
dangerous, what it can do for you and to which extent. They believe 
that it is only dangerous if you heat it, but not at ‘room temperature’. 
Some of them are interested in how dangerous it really is.  

Health Most workers smoke (a lot), but some of them don’t because of the 
health risks. So some of them do care about their health.  

Treatment of mercury Mercury is bought in small containers of 1kg each. One kg costs 200 
SRD (55 Euro). They pour the mercury from one container into the 
other in the middle of the camp, on the table which they use to eat. 
Some mercury is spilled, and is thrown on the ground. Two kg is 
used for about one week of mining. The container is brought to the 
mine-pit, and thrown by bare hands on the pile of gold-containing 
soil.   

Tailings  The tailings of previous mining activities are used as a water source 
for the hydraulic mining in the new pit. The water is pumped up and 
used under high pressure to make slurry. This water, which is very 
dirty and siltated, comes from a large tailings-pond, which is also 
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used to bring the drums of fuel from the camp to the mine-pit. These 
tailings probably contain a lot of mercury. Two workers were 
swimming in it with the fuel drums to bring them to the other side of 
the pond, close to the mine-pit.  

Hydraulic mining 
process 

During the process, two workers are holding the hosepipes and a 
third one is standing in the pit where the slurry is pumped up. He 
stands until his knees in the slurry, which contains a lot of mercury, 
and removes the branches and stones, which could damage or 
obstruct the pump.  

Burning of the 
amalgam 

The amalgam is burned close to the camp. The miners think it is safe 
enough to keep a short distance from the burning place. Another one 
says that it is safe enough to bind a piece of cloth for his face.  
 

Alternative methods 
Knowledge The miners and the machine holder do not know any effective 

alternative gold mining methods that they could use. In their 
opinion, the method they use is the only and most effective one.  

Retorts  The machine holder knows what a retort is, but not all of the 
workers know. The reason why they do not use one is because they 
don’t have one, and the recovered mercury is useless anyway, in 
their opinion.  

Willingness  Because they do not exactly know how dangerous the use of 
mercury is, they are willing to try mercury-free methods if they 
should exist and if it would give the same results.  

Motivation At the moment, there is no real reason to change their procedures, 
because of the high results and the lack of knowledge about the 
dangers and about alternatives.  

 
 
2) Results of the meeting at Brownsweg between the Community Relations Officer of 

RGM and the community committee of the village 13 July 2007 

 
Also here in the village of Brownsweg, the members of the community committee are not 
well informed about the dangers of mercury. They know that their creek is very polluted, but 
they do not understand why many Hindustani and Chinese people from the city are coming to 
Brownsweg every weekend to catch fish. They don’t know what mercury does to you, what 
the exact dangers are, and what the alternatives are. However, they are concerned about it and 
want to know exactly what the risks are.  
 
3) Results of observations and interviews Nieuw Koffiekamp14-16 July 2007 

 
Number of people interviewed: 14 (4 teachers, 1 preacher, 9 miners and machine holders) 
 

Role of gold mining in the village 
• Gold mining is a major source of income in Nieuw Koffiekamp.  
• Most of the young men work in the gold mining sector, some of them as a worker at 

the RGM company. 
• Primary schoolchildren already try to find gold in their free time, by panning in the 

creeks and tailing ponds. 
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Attitude towards the work 
Satisfactory As long as they have a place to work, the miners are satisfied, because 

there is a lot of gold available in the area of the village.  
Safety Working within the Rosebel concession area is relatively safe, because 

there is a lot of security and Brazilians stay out of this area. This makes, 
at the other hand, that the amount of miners who are trying to work in 
this area has been tripled since Rosebel Gold Mines N.V. started their 
activities.  
 

Attitude towards the environment 
Environmental 
destruction 

Deforestation and destruction of the soil is seen as part of the work, it is 
necessary for gold mining. There is no time to rehabilitate the place after 
they are finished. They don’t care about that and are only focused on the 
gold they hope to find.  
 

Mining-related problems and concerns in the area 
Working space • Because the village is located within the boundaries of the 

Rosebel concession area, village people have to ask for 
permission to carry out mining activities within the concession 
area.  

• At the moment of the research, many miners in the village didn’t 
have a place to work, and were very frustrated about this. They 
feel isolated and oppressed.  

• They are not satisfied with the places that are allocated to them, 
the village people know exactly which places and areas are the 
best for gold mining.   

Misunderstanding • People in the village do not understand why it is so complicated 
to get a place to work, because they say they are working in the 
creeks and RGM only mines at the hills.  

 

Current technologies  
Technologies 
used  

The miners of the village use the following mining methods:  
• Hydraulic mining, where mercury is added in the beginning of the 

process, before concentration takes place. In the past they added 
mercury after concentration of the ore, but they experienced that 
it was better to amalgamate the whole ore. At some places they 
work in two shifts, a day and a night shift.  

• Rock crushing, on a hill near the village (mountain top mining). 
Mercury is added after concentration. This method is new in the 
area, and the miners were busy starting up the process. (main 
investments: machine = 5000 euro, crusher = 5000 euro)  

• Panning, in the creek and in tailing ponds of previous mining 
activities.  

• Metal detector to find gold nuggets  
Innovation Miners always seek for better methods to produce more. During the 

years, the machines have become larger and the capacity has increased 
significantly. 
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Satisfaction The miners are satisfied with the technologies they use, as long as they 
find enough gold.  
 

Alternatives  
Willingness Miners are interested in alternative methodologies because they know 

that mercury is dangerous. But they first want to be convinced that these 
alternatives are effective. They do not want to spend time and money on 
the search for alternatives.  

Other methods Some of the miners travel a lot from area to area, to look for gold. One of 
the miners has been at many places and has seen some other methods that 
are not used in this area. One of these methods uses magnetic plates, 
without mercury (seen near Benzdorp). This would be a possible 
alternative method for this area as well.  

Barriers  Machine holders have invested a lot of money in their machines. They 
are not able to switch to a complete different method, because they first 
have to earn their investments back.  
 

Mercury 
Knowledge and 
awareness 

• Miners know that mercury is dangerous, that you have to be 
careful with it, but they do not know exactly what is dangerous 
about it and what the consequences are.  

• Other community members such as the schoolteachers and the 
preacher are not aware of the dangers:  
- The preacher says that “mercury is coming from the earth, so 

it does not matter if you throw it back on the earth”. He 
furthermore does not know that mercury is used before 
concentration of the ore (whole ore amalgamation).  

- The head of the primary school tells that her two-year-old 
daughter sometimes plays with the mercury that her husband 
uses for gold mining; she did not know that it was so 
dangerous.  

• They know that the mercury vapours during the burning process 
are dangerous, but they are not aware of the dangers of 
vaporization of liquid mercury at ambient temperature. So they 
are not careful with liquid mercury.  

• They do not really realize that a large part of the mercury they 
add in the process ends up in the tailings in which they sometimes 
swim, or which is reused as the water source for the next 
operation-phase.   

• One of the workers stands until his knees in the slurry in the pit to 
control the slurry-pump. His skin must be constantly in contact 
with mercury, especially during whole-ore amalgamation.  

Retorts  Miners are not familiar with the word ‘retort’, but during the burning of 
the amalgam, they prevent mercury from escaping in the open air by 
covering the pan with leafs, and they keep a certain distance. The 
question is whether this method is effective and safe enough. Some 
miners indicate that they use a handkerchief to breathe through. They do 
know that there do exist other ‘technological’ methods.  
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3.1.6 Health risks  

 
During the field work, there were no clear indications of health risks visible. However, the 
consequences of mercury exposure are only appearing in the long run. Some alarming 
indications were noticed.  

• Suriname should have a very high relative amount of haemodialysis and kidney 
diseases. Official figures about this have not been found.  

• Air samples have indicated a high concentration of mercury in the atmosphere in 
Paramaribo-North, the area where many Brazilian gold buyers are processing the gold 
(conversation with Nico Mwakipisele, UvS, 12-10-’07).  

• A miner of Villa Brazil traveled back with us to the city (27-5-’07), because of kidney 
complaints. He thought he had kidney stones, but years of working with mercury was 
probably the cause of kidney failure.  

 
The problem with mercury is that the consequences of long term exposure are not 
immediately noticeable. Furthermore, a lack of knowledge amongst miners and community 
members in the interior makes that they do not associate mercury exposure and illness. 
Traditional beliefs and the influence of ancestors are still often used as the cause of illness 
and death. The consequences of direct and indirect mercury exposure are laid out in box 1.  
 
Another aspect of the health situation in the gold mining areas is malaria. Artisanal miners 
travel back and forth between the villages and the mines, or from one mining area to another. 
This migration stimulates the spread of malaria. If an outbreak of malaria occurs in a miners’ 
camp, and the infected miners travel to other camps or villages in the area, there is a risk that 
the malaria will spread. Insufficient precautions are taken to prevent malaria and other 
diseases (Gemerts et al., 1998).  
 
 

3.1.7 Analysis and conclusions  

 
The artisanal mining sector is characterized by four main problem areas:  

• Lack of adequate prospecting 
• Use of inefficient ore processing techniques 
• Lack of awareness of the dangers associated with the use of mercury 
• Inadequate health and hygiene measures  

 
The artisanal miners do not employ adequate prospecting techniques. For example, high 
pressure hoses are used to spray loose the soil and only then samples are taken. In most cases, 
the soil does not contain enough gold to warrant a viable operation at that specific location. 
But then the damage has already been done. Furthermore, each unsuccessful effort costs the 
miner money, in the form of fuel and food for the crew. By using proper prospecting 
techniques, such as digging prospecting pits and trenches, the earnings will increase and the 
environmental damage will be limited (Gemerts et al., 1998, p.91). 
 
Observations in the field indicate that most of the artisanal miners are not aware of the 
specific dangers associated with the use of mercury. Many have heard that it is dangerous, 
but they do not know what the specific threats are. To illustrate, artisanal miners often handle 
mercury with their bare hands. When the gold and mercury amalgam is recovered from the 
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gold pan, the miner will place the clump in a handkerchief and twist it, in order to squeeze 
out the excess mercury. 
 
The methods and technologies used for artisanal gold mining are causing a great health risk 
for the miners and the community members. The main threats are the exposure to mercury 
and mercury vapors, and malaria.  
 
Conclusions from the field observations and interviews 

• The awareness of the dangers of mercury use has to grow, not only among the miners, 
but also among the women, children and community leaders.  

• Teachers have to get information about the dangers, so that they are able to educate 
the children  

• Miners have to get education and training about mercury use and the various dangers 
for themselves, the natural environment and the future generations.  

• Miners have to get information and training about the ineffectiveness of whole ore 
amalgamation.  

• RGM could force the miners to work safely, use retorts, only use mercury to 
amalgamate concentrated material, and clean up the place if they are done (this is 
already required), as they work on their concession. The company is in the position to 
make preconditions for using ‘their’ ground.  

• Only after a high level of awareness is created, and people are convinced of the fact 
that mercury use has to be diminished and abandoned, new methodologies can be 
introduced. A protected space in which the method is tested and demonstrated is 
necessary. This has to be financed by the government or NGO’s such as WWF and 
UNIDO. Strategic Niche Management is essential for successful changes, as the 
miners will not adopt alternative technologies by themselves.  

• Alternatives have to be efficient (equal or higher production) and environmentally 
friendly.  

• Simply distributing brochures about mercury does not have much affect, as proved by 
the attempts of Stinasu. Other or additional means of communication about mercury 
should be developed and continually distributed in the mining communities. A larger 
audience should be reached.  

 

3.2 Corporate mining regime 

 
Corporate mining is often based on foreign investment, and strives for the highest possible 
recovery at lowest cost per gram. These enterprises have the capital, expertise and experience 
to do so. The purpose of corporate mining enterprises is to turn a profit that will be paid out 
to shareholders. The main difference with artisanal mining is that 30 to 40% of the 
investments of a project is spend on up-front reconnaissance and exploration. Because of the 
fact that the sector has to deal with many uncertainties as the world market price for gold, 
political risks and energy costs, it is important to know where the gold is, how it can be 
extracted most efficiently and how much this will cost. 
 
Corporate mining companies, like Iamgold, a Canadian multinational who exploits the 
Rosebel Gold Mines N.V., concluded a Mineral Agreement with the state, as the Mining 
Decree is not up to date. Large-scale operators are required to conduct an environmental and 
social impact study. In the mineral agreement, Iamgold has also committed itself to observe 
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stringent environmental regulations, and employs skilled and experienced staff to achieve this 
objective (Healy & Heemskerk, 2005, p. 46). Rosebel Gold Mines N.V. (RGM) is at the 
moment the only large scale company that is in the exploitation phase, in which gold is really 
produced. A number of other international companies are carrying out reconnaissance and 
exploration activities throughout the country. For example, Newmont Mining from Denver, 
United States is exploring near the Marowijne river and Reunion Gold Company from 
Canada conducts exploration near the Lawa river in the South-East of Suriname.  
 
When a corporate mining company starts working in a certain area, they often have to deal 
with the artisanal miners that perceive that area as their own, because of historical and 
traditional developments. The artisanal miners cannot just be sent away, so they have to make 
an agreement on the use of the land. In practice, artisanal mining does not necessarily have to 
disrupt large scale mining operations, because both groups mine different types of ore. 
Artisanal mining focuses primarily on alluvial and colluvial (soft-rock) deposits, close to the 
earth surface, while large scale mining is aimed at the deeper, primary hard rock layers, with 
less interest for the surface material.  
 
Many artisanal miners work within the borders of a concession of a corporate mining 
company. The village of Nieuw Koffiekamp is located within the borders of the Rosebel 
Gold Mines N.V. The original inhabitants of this area have always been working in gold 
mining. Nowadays they have to ask permission at RGM to work within the concession. 
About 120 artisanal miners are working within the borders of RGM, divided over 10 mining 
locations. RGM controls the artisanal mining activities at a regular basis and has the authority 
to make requirements about their behavior (observations RGM, July ’07). Another example is 
the Benzdorp gold mine, owned by Grassalco N.V., the state-owned mining company. This 
company allocated a part of its concession to small independent miners. In return, the miners 
have to yield part of their earnings to the Grassalco company.  Unfortunately, in most cases 
there is no control on the working method that the miners use, and therefore, activities like 
these are a threat for the health of the community and the environment (GAC Beleidsplan 
Concept 27-9-2006). 
 
Conclusions 

• The co-existence of large scale mining companies with artisanal miners does not need 
to bring conflict of interests if clear agreements are made, because of the different 
types of ore both sub-sectors use.  

• The corporate mining companies can play an important role in the transition towards 
more sustainable artisanal mining technologies and methods.  

• They can force the artisanal miners to work environmentally friendly if they work on 
their concession and they could support them by supplying information about mining 
methods (efficient use of mercury, risks of mercury use), alternative technologies, use 
of retorts and by organizing training sessions.  

• This can for instance be financed by requiring a certain percentage of the production.  
• RGM already has a close relationship with the artisanal miners on their concession, 

and with the surrounding communities.  
• Field presence is important for successful change, which is a great advantage of the 

possibilities in the Rosebel area.  
• Advantages for RGM are the positive signals towards the society and a reduction of 

pollution on their concession.  
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3.3 Regulatory regime 

 
Gold mining in Suriname is governed by the Mining Decree of 1986, ‘Containing General 
Rules for Exploration and Exploitation of Minerals’, and regulates large- and small-scale 
mining as well as mining for building materials. The Mining Decree is based on article 41 of 
the Constitution of the Republic of Suriname, which states:  
 

“Natural riches and resources are property of the Nation and shall be used to 

promote economic, social and cultural development. The Nation shall have the 

inalienable right to take complete possession of the natural resources in order to 

apply them to the needs of the economic, social and cultural development of 

Suriname” (OAS report, 1997, p.75-76).  
 
Under the Mining Decree, no one is allowed to conduct mining operations without a previous 
grant by the government.  
 
Large scale (corporate) mining 
To carry out large-scale mining, three licenses must be obtained which correspond with the 
various stages of mining: reconnaissance, exploration and exploitation. Each license is related 
to the size of the area, the duration of the right, application procedures and the rights and 
duties of the permit-holder. Furthermore, all mining activities are subject to article 4, which 
requires that mining activities must take into account, among others, ‘the higher interest of 
the nation,’ prevailing norms concerning safety and health of workers and the community, 
and norms relating to the protection of ecosystems (Kambel and MacKay, 1999, p.100-101). 
In the OAS report about Nieuw Koffiekamp, the three rights are discussed as follows:  
 

1) Reconnaissance 
“This right is granted from a period of two years with the possibility of renewal for one year 
on an area not larger than 200,000 hectares. The reconnaissance phase is the initial effort to 
locate resources. The holder of the right tries to survey as much territory as possible during a 
relatively short period. Creeks are panned and surface monsters are collected and analyzed. 
During this period no major alterations of the landscape are permitted. The holder of a 
reconnaissance concession is entitled to convert this right to an exploration concession, 
provided all legal requirements are met. As noted above, the term for this right is two years. 
However, the holder of the right to reconnaissance may convert this right to exploration 
before the two-year term has expired” (OAS report, 1997, p.81). 
 

2) Exploration 
“This right is granted for a period of three years with a maximum of two renewals of two 
years each, for one continuous area not larger than 40,000 hectares. At every renewal, 25% of 
the area has to be relinquished. The decree specifically indicates that this area must remain 
unbroken, even after the prescribed 25% of the area is relinquished following each renewal 
(article 27.2). During this phase, the holder of the right is permitted to dig trenches, extract 
and analyze samples, construct buildings and to develop the necessary infrastructure.  
 
The mining Decree states that only the holder of a right to exploration can perform 
exploration activities in the concession, and that all others are excluded from conducting 
mining activities (article 28.1). The rights listed under article 28.1 en 28.2, however, do not 
include the right to exclude persons from the property.  
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The request which is filed to secure a right to exploration must list all tribal villages in or near 
the requested exploration concession (article 25.b). The significance of this article should not 
be underestimated: it gives policy makers an early indication of the number of local 
communities which will be affected by future mining activities” (OAS report, 1997, p.81). 
 

3) Exploitation 
“In the final phase, the right to exploitation can be granted provided all legal requirements are 
met. Exploitation gives the holder the right to exploit the minerals for which the concession 
was granted, with the exclusion of others (article 36.3). This right can be granted for a period 
of 25 years, which can be renewed, on an area not larger than 10,000 hectares.  
 
During this phase, the holder of the right is permitted to construct the necessary buildings and 
to install the necessary equipment in order to mine and process the minerals for which 
permission was secured. The holder of this right may put into place the infrastructure needed 
for the mining activities. The reconnaissance and exploration activities may be continued in 
the concession for which this right was granted. The holder of the title may use the timber 
reserves within the concession area for construction purposes related to the mining project, in 
the event the concession is located on state land (article 34.2.d).  
 
Articles 46 to 58 of the Mining Decree state that the owner of a property, as well as any third 
party concerned, are obliged to allow the holder of a concession to perform mining activities, 
but under two conditions. Consultations should take place well in advance of the mining 
activities, and the owner or third party has a right to financial compensation for any damages 
incurred” (OAS report, 1997, p.82). 
 
In sum, one is allowed to start with the right to reconnaissance of 200,000 hectares, acquire a 
right to exploration of 40,000 hectares, and eventually exploit an area of maximum 10,000 
hectares. This forces the miner or mining company to be active in a given territory for a 
specified period of time, sequentially relinquishing territory as the sites of commercially 
viable mineralization are localized, in order to work efficiently and discourage speculation 
(OAS report, 1997, p.82).  
 
Small-scale (artisanal) mining 
The Mining Decree speaks about small-scale mining, but as discussed in the introduction, 
real small-scale mining does not exist anymore. However, the Mining Decree was written in 
1986, and the rules do still apply to the sub sector that nowadays can better be described as 
artisanal mining. The most important articles are the following: “The right to small-scale 
mining can be granted to persons who wish to conduct mining activities on a small scale, 
using rudimentary techniques and equipment for an area no larger than 200 hectares, for a 
period of two years (article 36.6). This term can be extended (article 38). The right to small-
scale mining includes the right to reconnaissance, exploration as well as exploitation (article 
39). Under the other provisions of the Mining Decree (article 36.3), small-scale mining rights 
cannot be granted in areas which have already been issued for large-scale mining.” In 
addition, the Explanatory Memorandum of the Mining Decree states that small-scale mining 
is on the decline in Suriname, and should be discouraged (OAS report, 1997, p.83).  
 
More than 20 years after the Mining Decree has been written, it is obvious that ‘small-scale’ 
or artisanal mining has nothing but decreased. It is therefore important that the law will be 
updated to meet the current circumstances as soon as possible. Furthermore, this updated law 
should contain articles that make it possible to conduct artisanal mining in a legal way, i.e. to 
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make it easier for artisanal miners to obtain a formal concession. This law can be used to 
require sustainable mining methods, which is linked with the duration of the concession 
rights.   
 
Miners’ law 
In practice, however, mining area’s are difficult to regulate formally, but to prevent problems 
in the mining area’s miners have developed their own rules, the so-called ‘extra-legal’ rules. 
De Soto (2000, p.140) describes the example in California, where in the period around 1850 
an enormous gold rush took place. Part of the land was owned by the federal government, 
who tried to control the area. This became very complicated because the land that was being 
prospected had hundreds of competing interests and the United States had no law regulating 
the sale or lease of federal lands containing precious minerals. Soon the urgent need for 
extralegal (informal, outside the law) arrangements developed. The government was far too 
slow, so the settlers had to rely increasingly on their extralegal law to maintain some sense of 
order. The miners had two precedents on their side: the right of pre-emption and the right of 
occupants to their improvements. They formed organizations to regulate their extralegal 
rights and stipulate the obligations that individual miners had to the invaded lands, the so-
called ‘mining district regulations’. Faced with a legal vacuum in federal mining law, the 
miners with some legal expertise created a kind of acting mining law. This law made it 
possible to control the activities in the various districts and to create property rights, which 
were later validated by the government. De Soto explains that “the easy acceptance of 
miners’ district regulations was that these were often drafted on the basis of principles, ideas, 
and procedures not much different from those of existing official law.”  
 
The similarities between the miner’s law and the formal property rights system are explained 
by the following. “Under the miner’s law, the locator is his own executive officer to take the 
land, grant himself a possessory title, fix the boundaries, and announce himself the 
proprietor…. The notice is the substitute for the written application; the marking of the 
boundaries answers the purpose of a survey; the mining law is the concession, and the record 
with the local officer the registration. The only official in charge is the great public, whom 
the miners represent, and whose law is inexorable” (De Soto, 2000, p.144).  
 
Eighteen years after the start of the gold rush in California, in 1866, the US Congress finally 
officially approved the existing extralegal system. The legislation incorporated principles and 
rights that had been developed by the settlers. De Soto explained that the US government 
“did not propose a new system, but sanctioned, regulated and conferred a system already 
established, to which the people were attached” (2000, p.147). The American experience is 
very significant for development in general because “American politicians expressed the 
revolutionary idea that legal institutions can survive only if they respond to social needs” (De 
Soto, 2000, p.150). 
 
The situation in the Surinamese artisanal mining sector can be compared with the example 
from California. The regulatory regime within artisanal mining is also based primarily on the 
informal miner’s law, because the official law does not meet practice. The Surinamese 
government has no coherent policy dealing with indigenous peoples and Maroons, the 
environment, sustainable development or resource management. There is hardly any 
institutional monitoring capacity, and the will of the state to control mining given the 
interests of the powerful actors is dubious. Suriname has no environmental laws that can be 
used to regulate environmentally damaging activities (Kambel & MacKay, 1999, p.16). 
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Indigenous people and Maroons are the majority in the interior, with a total population of 
around 60,000. There are four indigenous peoples (Kalinya, Lokono, Trio and Wayana) and 
six Maroon tribes (Saramacca, Kwinti, Matawai, Ndjuka or Aucaner, Paramacca and Aluku) 
each with a distinct ancestral territory. The maroons succeeded in establishing viable 
communities along the major rivers. They consider themselves culturally distinct from other 
sectors of Surinamese society and regulate themselves according to their own centuries-old 
laws and customs (Kambel & MacKay, 1999, p.16-17). Indigenous and tribal peoples enjoy a 
special international legal status “which includes rights to autonomous self-government 
through their own institutions, as well as rights to own and control lands, territories and 
resources that they have traditionally owned or otherwise occupied and used” (Kambel, 2006, 
p.5)  
 
The indigenous and maroon governance systems are recognized by the government, which is 
proved by the monthly stipend the ‘granmans’, ‘captains’ and ‘basyas’ receive, and their 
official installation by the government.  
 
Regulating efforts 
Some efforts are made to regulate the sector again. In 1994, the Central bank started with its 
gold purchasing programme, which was the first step in the effort to regulate the gold sector 
in Suriname. With this programme, the miners were able to sell their gold in a legal way and 
the government finally got an idea of the amount of gold produced in the interior. At the other 
hand, the gold being offered for sale contained mercury. Special facilities were needed to 
clean the gold under acceptable safety conditions. This makes it of interest of the Central 
Bank to promote mining techniques which will result in lower or zero mercury levels 
(Gemerts et al., 1998, p.90).  
 
Conclusions 
The ministry of Natural Resources (NH) is responsible for the gold mining activities in the 
interior, but does not have the capacity and resources to control it. This situation has to 
change, but that will probably take a long time. In the mean time it is important to intervene 
in the sector, to diminish the negative environmental and health impacts as soon as possible. 
Since the responsible government department is not capable to do this, the solutions cannot 
ask major participation of the government as a starting point.  
 
It is important that the mining law will be updated as soon as possible. Regulations have to be 
made for artisanal mining as it is in operation at the moment. Furthermore, the gold mining 
activities that are illegal have to be legalized, in order to make control and intervention 
possible. Organization of miners and giving them possibilities to apply for a concession will 
strengthen the sustainability of the sector.  
 

3.4 Social regime 

 
Before it is possible to intervene in artisanal gold mining, it is important to understand the 
social regime and the different cultures. Within gold mining, traditional tribes (Maroons), 
Brazilians (often illegal) and people from large multinational companies are involved, and 
they all are looking for the same gold.  
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3.4.1 Maroons 

Suriname is a country with a long history that still affects the social relations today, 
especially in the interior. In western societies, people are related by means of employment, 
membership of clubs, political parties, residence in a certain neighborhood, etcetera. In 
Maroon communities, at the other hand, allegiance of individuals is based on his or her 
membership of a matrilineal descent group. For an individual in a maroon community, the 
family’s property is the source of livelihood, its ancestors are his gods, its elders his 
government and its young men his defense and his support in old age (Fortes, 1959, p. 145).  
 
Matrilineal descent groups are defined by a female ancestor and a series of female links. The 
descent status is absolute, you are or you are not a member of a particular descent group. In 
contrast to the western family system, where an individual has four grandparents, a member 
of a matrilineal descent group has only one grandparent, namely his or her mother’s mother. 
There are two types of descent groups: clans and lineages. Members of a clan are assumed to 
be descendants of a certain ancestress, but this cannot be proven. A clan can have up to 
several thousand members who are settled over a wide area. A lineage is based on 
demonstrated descent; the link to the common ancestress can be proven. A lineage is smaller, 
and spread over a smaller area. In practice, it is not always easy to distinct clans and lineages. 
In a village, the descendants of the founders of the village, members of a certain clan, are 
having the leading role in the village council. (OAS report, 1997, p.22-25).  
 
Next to the clan and lineage relationships, kinship networks also play an important role in 
Maroon communities. One has a greater number of relatives in the kinship network, because 
both mother’s and father’s side are counting, and can be asked for help or to accomplish a 
task. Different kin groups can be connected by marriage, and in principle, a man must marry 
a woman outside of his lineage. The advantage is that it creates alliances which could have 
economic, political and social advantages. The children will be members of the woman’s 
lineage. The biological father will have social responsibilities, but some of these duties will 
be entrusted to the wife’s brother, known as the ‘social father’. The biological father has 
material responsibilities, while the ‘social father’ has obligations with respect to the 
education of his sister’s children. The mother’s brother can be replaced by the grandmother’s 
brother (OAS report, 1997, p.25). 
 
Kinship and lineage are important concepts that have to be understood when interventions are 
planned in the interior of Suriname. A clear example is the situation at RGM. When the 
company started to deal with the artisanal miners in the area, they only allowed the miners 
who originated from Nieuw Koffiekamp. As a result, the number of miners that requested to 
work in the area turned out to be three times as high as expected. If you have never lived in 
Nieuw Koffiekamp, but your parents or grandparents were born there, you are still ‘from’ the 
village. And because the Rosebel area is very attractive for gold mining, many descendants 
took their chance.  
 
Nowadays, the traditional authorities are affected by artisanal gold mining. Research of 
Heemskerk and Olivieira (2004) has shown that the respect for traditional authorities has 
been lost. “…young men with much money who want to live ‘big’ and [they do] no longer 
feel that it is necessary to listen to elderly. Moreover, changes in mining techniques make 
traditional mining knowledge less relevant for youngsters.” (p. 32) 
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Religion 
Maroon religions are related to African religions, in which ancestral worship is a central 
component. To obtain the status of village, a settlement must have an ancestor shrine (place 
of worship), mortuary and graveyard. Settlements which do not have these facilities are 
referred to as kampu (OAS report, 1997). 
 
Economy 
Maroons have always been economically dependent on the coastal area. Already during the 
nineteenth century, maroons supplied timber in order to purchase products that were not 
manufactured in the interior. Later, they also facilitated transport of miners between the city 
to the gold mines. Nowadays, the dependence on imported goods as outboard motors and 
chainsaws increases and the growing shift from a subsistence economy to a money economy 
is unmistakable (OAS report, 1997, p.26-27).  
 

3.4.2 Brazilians 

It is estimated that there are at least 15,000 artisanal miners in Suriname of which 10,000 to 
12,000 are Brazilian ‘garimperos’. 8,000 of them are legally registered (Veiga, 1997a, p.42). 
Approximately 1,000 Brazilian families are living in the city of Paramaribo.  
 
The presence of ‘garimpeiros’ changed the concept of artisanal mining traditionally used by 
the Maroons for subsistence or as an ‘emergency resource’. The Brazilians introduced 
hydraulic monitors, bulldozers, excavators, dredges and other semi-mechanized mining 
methods, which resulted in improved gold production and increased production scale. Instead 
of mining for subsistence, today’s artisanal gold mining aims for profit for better living 
conditions. The Brazilians introduced their ‘garimpeiro’ mentality, which is now taken over 
by the Maroons, which means producing as much gold as possible, as soon as possible, with 
no concern for the environment. Traditional moral and social standards in the gold mining 
areas are degrading by the Brazilian attitude, as already mentioned in the previous subsection 
(Veiga, 1997b, p.5). 
 
The main reasons for moving to Suriname are the following:  

• Rumors in the Brazilian goldfields that Suriname is the new ‘eldorado’ 
• Easy to obtain a work permit in Suriname 
• Enforcement of the Brazilian federal police removing ‘garimpeiros’ from illegal areas 

in the Amazon 
• End of the easily exploitable alluvial gold in Brazil 
• Surinamese miners like ‘garimpeiros’, because they have ‘mining technology’ (Veiga, 

1997b, p.6). 
 
Getting work as a Brazilian garimpeiro in Suriname is very easy. When the Brazilians have 
entered Suriname (illegally), they can go to certain meeting points in bars or hotels in 
Paramaribo where Surinamese entrepreneurs come to hire Brazilian workers. In the mining 
areas, maroons and garimpeiros may work on the same team or in neighboring camps.  
 
According to the maroons, the Brazilian migrants have mainly a negative impact on the  
traditional mining communities. Brazilians are responsible for an increase in criminal 
activities, in particular killings and robberies. The fact that they brought modern technology 
and efficient skills also makes that Brazilian miners take home a great share of gold 
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production. Furthermore, they are held responsible for the spread of HIV/Aids and other 
diseases (Heemskerk & Olivieira, 2004, p.33).  
Stricter border controls and the possibility to legalize and register the Brazilian garimpeiros 
could make the situation more controllable. At the moment, the result of the illegality is a loss 
of income for the Surinamese government. Brazilian miners should hand over a percentage of 
their revenue to the Surinamese state by paying taxes, but the Surinamese government does 
not have the capacity to control this.  
 

3.4.3 Multinationals  

A number of multinational companies are involved with gold mining in Suriname. In general, 
foreign investors are not happy with the presence of the artisanal miners on their concessions. 
The damaging practices by artisanal miners can influence their reputation negatively. The 
managers of these companies, expatriates from the ‘western world’, do not understand or do 
not have sufficient knowledge about the traditional culture that is still important in the 
villages of the interior, and the driving forces of artisanal miners. There is a lot of 
misunderstanding. The most important multinational in Suriname, Rosebel Gold Mines N.V., 
has a department for community relations. The employees in this department are related with 
the local communities. They solve the problems between the multinational and the local 
communities and diminish the negative social and economical impacts that the multinational 
creates through various community building projects.  
 
The large scale mining companies can play an important role in the technology transition 
process, because they are able to influence the artisanal miners. Artisanal miners have to get 
permission to work in the area; the large scale company could in turn make preconditions 
about the way they work. RGM knows which miners are working on the concession area, and 
where. They are controlled regularly, to make sure that they only work at the addressed 
places.  
 

3.4.4 Social tensions 

Interventions in the artisanal gold mining sector have to take into account the different 
cultures that are involved in gold mining. Between all three main social groups involved in  
gold mining in Suriname, significant cultural gaps occur, and are making it difficult to 
intervene in the sector. The traditional small-scale gold mining society is infiltrated by 
Brazilian migrants and large companies who brought advanced technologies and operate 
much faster. This increased the gold production as well as the environmental damage 
enormously.  
 
The various social groups have different levels of education and have their own attitudes and 
beliefs. Language barriers and cultural differences make that interactions between Maroons 
and Brazilians tend to remain distant and in some cases even hostile (Heemskerk and 
Olivieira, 2004, p.33). The maroon societies traditionally claim parts of the land that belongs 
to their clans but these claims are not acknowledged by formal law. The government provides 
concessions to mining companies without consulting the traditional inhabitants of the area. 
The Maroons lose the land their ancestors already used for mining, most of the times without 
any compensation. Of course this can result in great tensions between the involved parties.  
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3.5 Further analysis of the relation between regimes and problems  

 
Based on the literature, the problems in the artisanal gold mining sector can be separated into 
three related factors. These factors are (1) lack of appropriate legal frame-work and 
inadequate institutional capacity to administer and control the activity by the mining 
authorities; (2) inadequate techniques and equipment for the artisanal miners; and (3) poor 
living, working and environmental conditions in mining areas and communities (Noetstaller, 
1995).  The authorities, miners and communities all have their own negative cycle, and a 
collective list of spin-offs. The three cycles are influencing each other, which emphasizes the 
complexity of the problems and the need for an integral approach. See figure 3.6. 
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Figure 3.6: The three interrelating problem cycles (based on Noetstaller, 1995) 
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The first cycle explains the problems in the regulatory field. The government authorities have 
not developed the tools to cope with the artisanal miners, and are unable to collect taxes. This 
results in insufficient government income, and thus inadequate operational resources. The 
authorities are therefore unable to control the artisanal mining sub-sector.  
 
The second cycle explains the miners’ problems. According to Noetstaller (1995), the lack of 
adequate technical and management expertise leads to the adoption of inadequate techniques 
and low productivity and recovery. Low income finally results in an inability to invest in the 
development of sound mining procedures with proper mining equipment.  
 
The third cycle, finally, expresses the problems related to social and human development. 
Artisanal gold mining in Suriname often takes place in traditional tribal-based communities, 
who have been developed isolated from the ‘western world’. These communities have limited 
access to western education and are in general unfamiliar with western institutions.  
 
As a result of the second gold rush, the traditional communities came in contact with 
advanced cultures. Because of the cultural gap, acculturation, poverty and marginalization 
were the consequences. The social situation is further complicated by the influx of tens of 
thousands of migrant miners from Brazil. The causes of this migration stream are different 
than the acculturation history of the Indigenous and Maroon miners and their communities, 
but the negative circles are similar. Brazilian miners too face several language and cultural 
barriers, which marginalizes them, and makes it difficult for them to change over from the 
extra-legal to the formal gold mining sector (Healy, 2007, p.19). 
 
Spin-offs of the three negative cycles include poor health and safety conditions, 
environmental damage, illegal operations and poor management and technology. 
 

3.6 Conclusion 

 
The analysis of the various regimes shows the existence of important barriers to the 
development and adoption of sustainable technologies. The first barrier that has to be 
overcome for sustainable development is the level of knowledge and awareness regarding the 
use of mercury. But it is important to take all factors into account when developing solutions 
to the problems in the artisanal gold mining sector.  
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4 Landscape analysis 
 
In the theoretical framework, six factors that are part of the landscape and important for the 
artisanal mining regime have been determined. These six factors will now be further 
explained. The selection of these factors is based on conversations with experts and 
stakeholders and the artisanal gold mining literature.  
 
The six landscape factors are  

• Regulation and control issues  
• Regional and international issues  
• Infrastructure and accessibility 
• Market issues  
• Social and cultural issues  
• Environmental issues  

 

4.1 Regulation and control issues 

 
Regulation and control are very important factors that determine the current situation in the 
artisanal mining sector. Better said, the lack of it is fundamental. As discussed before, the 
mining law, which is part of the regulatory regime, is outdated and has not been adjusted to 
the developments in the sector. 
 
The government has to realize that artisanal mining is an important source of income for the 
inhabitants of the interior, that it supports the economy of the country and that it cannot be 
abandoned. Instead, regulation and intervention has to seek for solutions that emphasizes the 
positive impacts and diminish the negative ones as much as possible. By legalizing the 
activities, taxes can be collected, the situation can be controlled and miners can be forced and 
supported to use efficient and less destructive techniques by adopting environmentally 
friendly technologies and mining methods.  
 
In order to change the artisanal mining sector towards a sustainable and economically 
valuable sector, solutions have to be based on a bottom-up approach, rather than top-down.  
 
Decentralizing the government 
In 1987, a new regional government system was introduced in Suriname through the adoption 
of the Constitution and the Law on the Regional Organs, with the aim of decentralizing the 
government. This law divided Suriname into ten districts, which are in turn subdivided into 
ressorts. The districts and ressorts have their own District Council and Ressort Council, 
which are elected by inhabitants of the district and the ressorts. The District Executive Board 
makes the daily decisions, and is headed by the Districts-Commissioner (DC), who is 
appointed by the government (Kambel, 2006, p.5-6).  
 
At the same time, the Surinamese government has agreed with some international 
commitments about the rights of indigenous and tribal peoples, which means that Suriname 
“is required to: 
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1) Legally recognize indigenous and tribal peoples’ right to own, control, use and 
develop the lands, territories and natural resources they have traditionally occupied 
and used. This includes the obligation to delimit, demarcate and title these areas  

2) Legally recognize indigenous and maroon forms of governance and customary law 
3) Establish effective mechanisms to allow indigenous peoples and maroons to 

participate in decision making processes that affect them 
4) All of this must be undertaken in full participation with and the consent of indigenous 

peoples and maroons.” (Kambel, 2006, p.25) 
 
Unfortunately, the decentralization system was introduced without taking into account –or 
even mention- the existing traditional governance structures of the indigenous and tribal 
peoples, who have occupied, used and managed their lands, territories and resources for 
centuries with their own laws, traditions and customs. This situation is a source of conflicts, 
which have already arisen and which will intensify with the growing power of the districts- 
and ressort councils (Kambel, 2006, p.39).  
 
In addition, in 1992 the “Agreement for Conciliation and National Development” was signed 
by the government and the rebel groups. In this document, the government promised “to pass 
a law recognizing the territorial claims of indigenous groups living in tribal communities, 
generating the institutions and procedures to ensure land titling and land access for both 
subsistence and market-oriented exploitation by indigenous groups.” This promise has never 
been fulfilled. Suriname lacks even the minimal legal framework necessary to recognize the 
existence of its indigenous peoples, let alone to guarantee their rights (Ortiga, 2004, p.14).  
 
To solve this problem, as advised by the report of Dr. Kambel, the Surinamese government 
should formally recognize the indigenous and maroon traditional governance systems and 
incorporate them into the Decentralization Programme. This is likely to be cost efficient, 
because the structures are already in place (Kambel, 2006, p.41).  
 
The indigenous and maroon communities have been involved in gold mining for centuries, 
and the authority problems are playing here as well. Not only has the national government not 
enough capacity and resources for effective control and regulation of the gold mining areas in 
the interior, when they do want to intervene, they come into conflict with the traditional 
governance systems and especially the miners’ law.  
 
The current Mining Decree does not mention indigenous peoples and Maroons at all. 
Agreements with multinational companies supersede the Mining Decree if there is conflict 
between the two. These agreements most of the time mention that the settlements and 
customs of the indigenous peoples have to be respected but in practice, these rudimentary 
protections were routinely violated (Kambel and MacKay, 1999, p.104).  
 

4.2 Regional and international issues 

 
The migration of Brazilian gold miners is a threat for the gold mining industry, and especially 
for the environmental aspects. By the Brazilian migration, the number of people involved in 
artisanal gold mining in the interior of Suriname became four times as much. The border 
between Suriname and Brazil is 595 km, and there is no border control. Everyone can just 
walk into the country. The Brazilians are driven by the fact that the gold deposits are 
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exhausted in the north of Brazil, and the easy way to (illegally) find gold in Suriname (see 
also section 3.4.2).  
 
Another international issue is the trade in mercury. Artisanal miners can just buy it at gold 
shops and even illegally at a large discount supermarket. In Europe, there are strict trade 
controls on mercury, legislation prohibits the use of mercury in the production, but in 
Suriname this is not the case. And even if there were controls, it would be imported illegally 
from for instance Guyana.  
 
Mayasa in Spain is the world largest producer of mercury and sells several hundreds of 
tonnes of mercury annually, without any regulations restricting the quantities or end usage. 
The EU decided to cease these sales before 2011 (Hylander & Plath, 2006, p.372).  
 
At the global level, more and more initiatives are taken to reduce the use and emission of 
mercury. From November 12 to 16, 2007, a first meeting of UNEP to address the global issue 
of mercury was held in Bangkok.  Governments and experts have discussed how best to 
reduce environmental sources of mercury. The results of this meeting will be presented in 
February 2008 (website UNEP).  
 
A total different factor that has to do with international and regional issues is the upcoming 
tourism-market in Suriname. The country is ecologically very diverse and has a large 
diversity in rare and precious birds, animals such as see-turtles and tropical plants, which are 
very attractive for eco-tourists. The nice climate, the ethnical diversity and the former links 
with the Netherlands (the Dutch language is still spoken), are characteristics that can be 
exploited as well. Tourism has a great potential and can play an important role for the 
economic development of the country. It is therefore important that the damaging activities 
done by the artisanal gold miners are restricted as soon as possible, to protect the natural 
treasures of Suriname.  
 

4.3 Infrastructure and accessibility 

 
Infrastructure and accessibility in the interior of Suriname makes intervention in the artisanal 
gold mining sector difficult. Gold mining activities are carried out in a very large area, almost 
everywhere in the country. Most places cannot be accessed by car, because there are no 
roads. Transport by small boats or by airplane and ATV (all terrain vehicle) is in many cases 
the only option, which can be very expensive.   
 
Because many activities are carried out illegally (according to the national law), it is difficult 
to locate them and to reach the miners.  
 
Interventions to create a sustainable artisanal gold mining sector can better start at a small 
scale at locations that are easily accessible, in order to diminish the initial costs. When the 
interventions prove to be successful in these locations, it is worthwhile to go to the more 
remote areas. 
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4.4 Market issues  

 
Gold mining activities, at every scale, are determined by the gold price. If the price of gold is 
high, it is lucrative to invest in mining activities in areas with lower percentages of gold. If 
the price is low, the areas that are interesting to mine become smaller. A lower gold price 
automatically results in decrease of activities, and in reduction of environmental damage.  
 
The market does not yet make a clear distinction between clean gold and ‘dirty gold’, 
processed with mercury-amalgamation. There are some exceptions, some initiatives of 
NGO’s in the US, UK Germany and Sweden. These initiatives have to become more 
widespread. The consumers must become aware of the destructive practices that are linked 
with golden jewels, and they must be stimulated to pay maybe a little bit extra for a ‘clean’ 
product. 
 

4.5 Social and cultural issues  

 
A number of social and cultural factors are characterizing the situation in Suriname. The 
country is known for its ethnically diverse population and the way the various groups live 
together.  
 
Education in Suriname is not always up to date. There is one university and a number of 
institutions that provide higher education. But also education has to deal with capacity and 
resource problems. Especially in the interior, secondary education is difficult to reach. Most 
villages do have a primary school, but if the children have finished it, a large part does not 
have the resources to continue their education. They are forced to start working, for instance 
in gold mining.  
 

4.6 Environmental issues  

 
Gold mining activities not only affect the miners and the communities. It affects the whole 
country in various ways. The most visible one is the siltation of creeks and rivers caused by 
the tailings that are flowing in the creeks. Instead of very dark water, many rivers in 
Suriname have become brown and dirty. The many communities that are settled along these 
rivers use the water to wash their clothes and themselves. Secondly, the poisoning of fish, 
which is a main food source in the interior is a large problem. The problem with mercury is 
that it hardly disappears out of the food chain. It bio-accumulates and the concentrates of 
mercury in fish and fish eating animals will only increase in time. Therefore the emission of 
mercury in the natural environment of the interior has to stop as soon as possible. 
 
Deforestation is a second problem that is caused by artisanal gold mining. Destruction of the 
tropical rainforest in protected nature parks and other areas is inevitable. In most cases, the 
miners do not clean up and leave the place behind as a muddy moon landscape, leaving 
empty oil barrels and their personal waste. This obstructs the natural restoration.  
 
 



4 Landscape analysis 

 

 51 

4.7 Conclusion 

Gold mining has a large influence on the landscape, and vice versa. The landscape factors 
that are most important for sustainable development of the artisanal mining sector are the 
gold market price, (international) mercury trade, illegal immigration of Brazilians, 
infrastructure in the interior and the regulating capacity of the government. These factors 
have to be kept in mind when designing experiments for sustainable development of the 
sector.  
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5 Alternatives and interventions   
 
The solutions to the mercury problem have to be found in the implementation of alternative 
technologies, combined with organizational, management and legal interventions, the so-
called systemic solutions. The technological solutions can be divided into (1) technologies in 
which the use of mercury is totally avoided and (2) technologies aimed to reduce the 
emission of mercury.  

5.1 Technological solutions without mercury 

 
Alternative processes without the use of mercury that will be described are centrifugal 
concentration, shaking tables, cyanidation, Cleangold sluices and the Haber technology. Most 
methods are based on gravity concentration which uses gravity to clean an initial (rougher) 
concentrate in order to obtain a rich final concentrate for melting. Sluice boxes and pans 
make use of the fact that gold is heavier than the waste material as well.  Unfortunately, in the 
end amalgamation is often necessary to extract and bring together the very fine gold (Veiga, 
1997a, p.47).   
 
Centrifugal concentrators 
Centrifugal concentrators consist of a vertical rotation bowl, with concentric rings that trap 

the gold. The slurry is 
brought into the bowl 
on the bottom, and 
because of the 
rotation, the heaviest 
particles (gold) are 
forced to settle 
between the rings, 
while the lighter 
particles are carried 
away by the water 
flowing out. This 
centrifugal force can 
be 60 to 300 times 
higher than the 
gravitational force.  
Compaction of the 
bed between the rings 
can be prevented by 

introducing 
pressurized water 
from behind the rings, 
and force the lower-
density particles to 
flow out of the bowl. 
The force of the water 
acts against the 

Figure 5.1: Principle of the Knelson concentrator (www.knelson.com) 
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centrifugal force of the rotating cone. After a period of time, the concentrator is stopped and 
the concentrate is flushed from the cone into a filter and can be upgraded further by panning.  
 
There are two main manufacturers of centrifugal concentrators, Knelson and Falcon, both 
from Canada, and they manufacture many different models with capacities from 1 or 2 up to 
100 tonnes of ore per hour (Veiga et al., 2006, p.44-47). The Knelson Concentrator is proved 
to be efficient equipment for recovering free gold particles and especially for fine gold which 
is lost during the operation of sluice boxes. The water pressure is the most important variable 
to obtain high gold recoveries (Meza et al., 1994, p.347).  
 
In various countries, other types of centrifugal concentrators are developed that are less 
sophisticated, and relatively inexpensive. One of these types is used in Zimbabwe. This 
concentrator does not have counter-flow water and works with a batch principle. The problem 
here is that the miners in Zimbabwe unnecessarily use mercury in the concentrator, which 
flours in the process (forms very small particles) and lost into the tailings (Veiga et al., 2006, 
p. 44-47).  
 
In Suriname, about 10 years ago the Knelson concentrator has been implemented in the 
Sarakreek region, by Sarakreek Resources Company, a joint venture between Canarc 
Resources and Wylap Development. The company was proud to work without mercury. A 
lack of clean water, skilled operators and technical assistance are the reasons why the 
equipment has hardly been used. Instead, Brazilian and Chinese miners were hired to employ 
hydraulic monitors and sluice boxes. The concentrates are taken to a gold shed to be 
processed with a 7.5” Knelson Concentrator. The tailings are put through a sluice box. The 
concentrate is screened a few times, and in the end, Chinese miners use a sort of pan to finish 
the process. This process takes a lot of time and the recovery is not very high, so 
amalgamation will be necessary to improve the process (Veiga, 1997b, p.10).  
 
Relatively complicated and expensive methods such as centrifugal concentrators are only 
beneficial for artisanal miners when used at a central location where the costs can be shared 
(Hinton, 2003, p.110). More about these processing centers can be found in section 5.3.  
 
Advantages 

• Efficient 
 
Disadvantages 

• Expensive 
• Complex 
• Clean water is needed 
• Need for skilled operators  

 
 
Shaking tables  
Shaking tables involve the generation of motion on an angled surface covered in parallel 
riffles, which induces separation of particles based on their densities and particle sizes. 
Efficiency is limited by the tendency of large high-density particles to have velocities 
comparable to small low-density particles when similar forces are applied. This results in 
high gold concentrations in the middlings because of particles that contain non-liberated gold. 
Shaking tables are simple and can be easily modified and the separation between gold and 
waste material can be directly observed. However, this method is limited to specific ranges of 
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grain sizes and the 
capacity is limited 
(Hinton et al., 
2003, p.105). 
There are many 
variations of 
shaking tables 
available.  
 
 
 
 
 
 
 

Advantages  
• Simple and clear 
 

Disadvantages 
• Limited efficiency 
• Limited capacity 

 
Cyanidation 
Cyanidation is a chemical method that can replace amalgamation. This method is used at a 
large scale mining companies like RGM who use cyanide to dissolve fine gold present in 
low-grade ores. Gold is recovered from the gold-cyanide complex (Au(CN)2

-) in leachate 
through precipitation on the surface of fine zinc particles or adsorption onto natural or 
synthetic activated carbon (Hinton, 2003, p.106). The environmental impacts of this process 
can be lower than those of mercury amalgamation, but the consequences of occupational 
exposure can be rapid and more dramatic than that of mercury. Cyanidation requires much 
more skills and investment than amalgamation. When used by unskilled people, this method 
comprises high environmental and occupational risk for operators. Residual cyanide is 
naturally degraded by sunlight, but complete destruction requires chemical processes. 
Cyanidation is only a possible alternative method if it is used in a shared, central cyanidation 
plant, operated by specialized personnel (Veiga, 1997a, p.49).  
 
Artisanal miners in a number of countries are currently practicing cyanidation. In these cases, 
support from large mining companies who have provided engineering expertise and capital 
have made this possible (Hinton, 2003, p.106) 
 
Advantages 

• Less destructive than mercury because cyanide will be degraded by sunlight 
 
Disadvantages 

• High health risks when not used correctly 
• Requires more skills and investment than amalgamation 
 
 
 

 

Figure 5.2: schematic overview of a shaking table (www.e-goldprospecting.com) 
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Cleangold® sluice boxes 
A recent innovation is the Cleangold sluice box which is developed and patented by the 
American inventor David Plath. The method uses polymeric magnetic sheets with the 
magnetic poles aligned perpendicular to the direction of the slurry flow, glued to the bottom 
of a simple aluminum sluice box (Veiga, 2006, p.42). Magnetite, a mineral commonly found 
in gold-ore deposits, is held by the magnetic sheeting and forms corduroy-like riffles for 
physical separation of gold from grains with lower density. In case the ore does not contain 
ferromagnetic components, the surface of the sluice can be charged with inexpensive, 
recyclable magnetic materials such as black sand containing magnetite. The gold grains settle 
in the riffles and then the material attached to the sluice is scraped off into a pan. Traditional 
panning is used for the final extraction of gold from the concentrate, but as an alternative, 
strong magnets can be used to remove the magnetically susceptible material from the dry 
concentrate. The gold grains in the pan can be suctioned up with a small plastic vial or 
smelted straight away (Öhlander, 2005 and Hylander et al, 2007).  
 
Advantages of the method are that only small amounts of water are needed and the Cleangold 
method has a high capture efficiency without the use of mercury. The inventor claims that the 
sluice has a recovery of 90% of the gold. There are different sizes of the cleangold sluice 
available, they are not cheap, but affordable since mercury is expensive as well. A sluice of 
about 60x60 cm costs US$ 165 (www.cleangold.com).   
 
Cleangold sluices can replace the traditional sluice boxes 
with comparable processing rate but higher recovery 
percentages, because it recovers much finer gold particles 
than mercury. Furthermore, research executed by 
Cleangold in Suriname shows that many of the gold 
particles have oxidized surfaces which cannot be 
amalgamated. This explains why the recovery rates of the 
Cleangold sluices are so high compared with the 
traditional methods (Hylander et al, 2007 and David 
Plath, e-mail 5-9-’07). In a test in which the Cleangold 
sluice was compared with a centrifugal concentrator, the 
sluice obtained slightly better gold recoveries.  
 
The Cleangold technology is relatively new and still developing, but there is much interest 
from developing countries all over the world. Since it is a patented technology, there is not 
much literature available, but it seems to be a promising technology and a suitable alternative. 
There have been some field tests in Suriname that were quite promising but possibly not very 
objective because the tests were done by the inventors (www.artminers.org). The mission of 
the Cleangold company has become that of support to NGO’s that have the resources to bring 
the teaching to the miners as part of their larger mission (David Plath, e-mail correspondence 
5-9-’07).  
 
Advantages:  

• Stays close to the existing regime 
• Simple 
• Efficient 

 
Disadvantages: 

• Patented technology, has to be bought abroad 

Figure 5.3: Cleangold magnetic sluice 

(Veiga, 2006) 
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• Does probably not work for all types of ore (for instance clay) 
• Objective testing has not been carried out 

 
 
Haber technology 
The Haber technology is an environmentally friendly chemical system that can replace 
chemicals like mercury and cyanide for the extraction and recovery of gold. It is a patented 

technology. The system 
consists of a proprietary 
non-toxic extracting 
solution (the HGP 
Lixiviant) and a recovery 
solution. The extraction 
process takes place with 
‘vat leaching’, after which 
the extracted pregnant gold 
solution is being placed in a 
holding tank. The recovery 
solution is then stirred into 
the tank and the gold 
precipitates out of the 
solution after a few 
minutes. A filtration system 
is then used to capture the 

fine gold (www.haberscience.com).   
 
The technology is more efficient and cheaper than cyanidation and it is a promising 
innovation. However, the typical circumstances in Suriname do not seem to be ideal for this 
technology.  
 
Implementation in Suriname in the past has not been successful because there were no 
advantages for the miners. The technology (equipment and chemicals) cannot be bought, but 
only used under agreement with licensees or joint venture partners. The technology would be 
interesting to implement at a place comparable with amalgamation centers.  The technology 
does not work for all types of ore, Haber advises first to test the ore in their laboratories, 
which leads to additional costs (www.haberscience.com).  
 
Advantages: 

• High recovery rate 
• Environmentally friendly 

 
Disadvantages:  

• Patented technology 
• Relatively complex 
• Business agreement required (while artisanal miners are proud on their independency 

and freedom) 
 
 
 

Figure 5.4: Schematic overview of the Haber technology 

(www.haberscience.com) 
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Other technologies 
The list of available alternatives above is not complete. The selection of these alternatives is 
based on the expected suitability for developing countries, for example because of the use in 
other developing countries before. In countries like Canada, gold mining is also taking place 
at a small scale. For these mines, many technologies have been developed. These could be 
interesting for Suriname as well, but most of them are quite complicated and expensive, or do 
not differ very much from the technologies discussed above. In appendix 2, one of these 
technologies will be presented.  
 

5.2 Technological solutions for mercury contamination reduction 

 
Before implementing a complete alternative technology, reduction of mercury emission, can 
be the intermediate step of sustainable improvement of the sector. Mercury-amalgamation is 
a relatively cheap and simple method to extract gold in Latin America. More control on 
mercury trade will increase the prices and as a result creates an incentive for the miners to 
become careful with the use and waste of mercury. When miners become conscious of the 
risk, or when mercury becomes expensive, they will start to concentrate before applying 
mercury to the ore.  
 

5.2.1 Retorts  

The simplest way to at least reduce the release of mercury into the atmosphere is the use of a 
retort. A retort is a container in which the gold-mercury amalgam is placed and heated; 
volatile mercury travels up through a tube and condenses in an adjacent cooler chamber. 
Retorts capture volatilized mercury and condense it in order to make recycling possible. 
When a retort is used during the burning of the amalgam, a substantial reduction of air 
pollution and occupational exposure can be reached. Without a retort, 50% of the mercury is 
lost into the air; a properly used retort reduces that to only 0.05%. There are many types, 
from very simple, home-made and cheap (US$10) to more advanced ones, made of stainless 
steel (Veiga, 1997a, p.58).  
 
A home-made retort can be build with standard plumbing water pipes. The distillation 
chamber is made by connecting an end plug into which the amalgam will be placed. The size 
can vary between 5 and 20 cm. An iron tube is connected to an elbow-part. The condensation 
tube should be at least 50 cm long and should curve downwards to permit good condensation 
of gaseous mercury without using coolant (see figure 5.5). A hole in the ground or an iron 
bucket with charcoal can be used for heating the amalgam. It takes about an hour to retort all 
mercury off. This type of retort is easily understood and accepted by miners, the materials are 
inexpensive and accessible (Veiga, 1997a).  
 
For training purposes, glass bowl retorts can be used. Because the process is visible through 
the glass, the miners can get convinced of the fact that all gold is recovered during retorting 
the amalgam.  
 
A Chinese two-bucket retort (figure 5.6) consists of a metallic bucket and a bowl filled with 
water. A larger bucket covers the first in which the amalgam is placed. Instead of water, wet 
sand can be used, and the buckets can be replaced by fish tins. The amalgam is heated using 
wood, charcoal or an electric element. The mercury vapours will condense on the walls of the 
cover bucket (Hinton, 2003, p.107). 
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Mercury recycling 
Recovered mercury by retorting often does not have the same amalgamation capacity as 
‘new’ or activated mercury because a thin layer of oxidation has been formed. Miners tend to 
throw away this mercury because they think it is useless. This is unnecessary because the 

mercury can simply be 
reactivated by using a 
solution of 10% table salt 
and a flashlight battery to 
clean the mercury surface 
(see figure 5.7). The 
recovered mercury 
droplets have to be put in 
a glass or plastic cup, add 

Figure 5.5: Home made retorts (Veiga, 1997a, p.59) 

Figure 5.6: Two-bucket (Chinese) retort (left) and fish-tin retort (right) (Hinton, 2003) 

Figure 5.7: Simple procedure to re-activate Hg surface (Veiga, 2004) 



5 Alternatives and interventions 

 

 59 

water and salt and connect the negative pole of a battery to the mercury and the positive pole 
to the solution. The droplets coalesce together in 1 to 3 minutes (Veiga et al., 2006, p. 81).   
 
The most efficient way of reactivating mercury is by using an ultra-sonic bath, which is used 
by dentists and with which mercury droplets coalesce in seconds. This method is more 
expensive, about US$200 to 400. Any activation 
method should be accompanied by a process to 
retain the contaminated water of the solution 
(Hinton, 2003, p.108).  
 

5.2.2 Fume-hoods 

When gold is melted for processing in gold shops, 
the released fumes still contain mercury vapor. 
Mercury levels inside gold shops can be extremely 
elevated. A method to decline the emission of 
mercury in the air and the harmful results is the use 
of a mercury condensing fume-hood (see figure 
5.8). This fume-hood contains a series of 
condensing plates and activated charcoal filters 
impregnated with iodine solution. This simple 
solution must be applied to all gold dealers which 
will result in a significant reduction of poisoning for 
urban citizens (Veiga, 1997a). 
 

5.3 Systemic solutions 

 
In 1995, an international roundtable discussion about the problems and potential of the 
growing number of artisanal miners worldwide was organized by the World Bank. The most 
important conclusion was that “no solutions were possible unless artisanal miners were given 
full legal and transferable mining titles to their claims” (Noetstaller, 1995). The legalization 
of artisanal miners is seen as an essential precondition for reform of the sector, but the 
problems are so wide ranging that a flexible and integrated approach tackling regulatory, 
social, environmental and other issues will be necessary. Seven possible systemic solutions 
will be discussed and analysed, namely: 
 

• Amalgamation centers 
• Miners associations 
• Law enforcement and control 
• Permanent biological monitoring 
• Technical assistance to improve efficiency 
• Governmental capacity building 
• Certification system  

 
Amalgamation centers 
One example of a systemic solution has already been implemented in Venezuela: 
Amalgamation Centers or UNECA (Unit of gold Extraction and Controlled Amalgamation). 
The Centers have been developed and promoted by UNIDO in cooperation with a 

Figure 5.8: Special fume-hood with 

condenser and filter (Veiga, 1997a, p.59) 
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Venezuelan NGO, named PARECA. The concept was originally conceived to provide 
amalgamation services, decontamination services, gold purchase and educational support for 
miners and general public. Miners take their gravity concentrates to these Centers to be safely 
amalgamated by technical operators. In Venezuela, some of these centers are operated by the 
government, where the service is free, others are private operations, where the miners pay 
US$ 0,7 per kg of concentrate to be amalgamated. A similar center is suitable for installation 
in mining villages or in any central area to facilitate transportation of gravity concentrates. 
These centers can also play a role in Suriname as education and training center, in which 
miners can become aware of the dangers of mercury. The Foundation of Experimental Mines 
(FEM) that will be discussed in paragraph 6.1 has been based on these Amalgamation 
Centers (Veiga, 1997a, p.57). 
 
Gold processing centers do not necessarily need to make use of mercury amalgamation as an 
extraction method. Any of the described methods in the previous sections can be used as 
well. Especially those methods that are too expensive to use at a small scale. Efficiency, 
costs, materials needed and required knowledge, skills and experience are factors that 
determine the most suitable method.  
 
Constraints: 

• Since artisanal mining in Suriname takes place in a widespread and often remote area, 
in which transportation is very limited, central gold processing centers are probably 
not very useful from a commercial point of view.  

 
Miners associations 
A second organizational solution is the creation of Miners’ Associations. This is an important 
step in organizing the mining activities as well as an effective channel for introduction of 
clean techniques. When gold miners are organized, they can be reached and influenced more 
easily. The association can require the miners to work according a prescribed method, and 
force them to use devices like retorts. An organization has a legal position, and will be able to 
apply for a formal concession at the government, in order to make the mining activities legal.  
 
The government benefits from this, because control on the activities is possible, and taxes can 
be collected more easily.  
 
Constraints:  

• Training is required for the miners to be able to manage the association optimally. 
• For migrating miners it is difficult to become a member of an association and 

cooperate.    
 
Law enforcement and control 
Law enforcement has to focus on the mining sector but should also focus on mercury trade 
nationally and internationally. First, the Surinamese mining law should be updated as soon as 
possible, taking into account the current situation. The law should make it possible for 
artisanal miners to obtain a concession on which they can work legally but in the mean time 
they must be forced to work environmentally friendly including cleaning up the places after 
they are finished. With laws, miners must be forced to use mercury only for already 
concentrated ores, use retorts and stop spreading it in sluices or on the ground. The law must 
also be directed to gold dealers, who melt gold and release mercury in the urban atmosphere. 
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Both international and local law and policy should be used to control mercury sales, further 
discourage mercury trade and reduce the availability of mercury worldwide. But then 
controlling and regulating measures are required as well.  
 
Constraints:  

• Making laws does not automatically mean that they are followed in practice. 
• Legal control on miners burning mercury in open pans is difficult because it is rapidly 

done and miners are moving from area to area. 
 
Permanent biological monitoring 
Permanent biological monitoring is important to establish the bioaccumulation levels in a 
region. Fish but also human samples like hair should be analyzed for the occurrence of 
mercury. Biological monitoring consists of analyzing aquatic biota and individuals to control 
the occupational poisoning and mercury bioaccumulation level.  
 
Constraints:  

• Expensive because chemical labs and specialized personnel are required. 
 
Technical assistance to improve efficiency 
Technical assistance to improve efficiency and to bring practical technological solutions can 
reduce mercury emission. NGO’s and governmental agencies can provide this assistance, and 
it must be part of the policy that has to be developed about artisanal mining.  
 
This assistance has to include all phases of artisanal gold mining: prospecting, planning, 
production and cleaning up after finishing. Miners have to learn what they do wrong, and 
why (e.g. whole ore amalgamation), and how to improve.  
 
Constraints:  

• Miners are usually suspicious about government representatives, even when they 
bring profitable solutions. Reasons for this are the lack of confidence in the 
government, failed attempts in the past and the illegal setting of artisanal gold mining. 
Miners are afraid that government representatives come with other intentions. 
Furthermore, miners are very keen on their freedom, and do not like to be told what to 
do.  

• Gap between engineers and miners: they do not wait to see the outcomes of their 
improvements  

� Technical assistance must be continue and durable (Veiga, 1997a, p.57-58).  
 
Governmental capacity building 
Strengthening the capacity of the Government and of the GMD in particular to maintain a 
permanent presence in the mining zones should be achieved in order to monitor the situation 
and to provide assistance or, to intervene when necessary (Gemerts et al., 1998, p.90). The 
Surinamese government will not realize this in the short term; therefore, the cooperation of 
all institutions and companies involved in gold mining is important.  
 
Constraints: 

• The government should become aware of the need for investment, political interests 
play a role.  
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Certification system  
Another systemic solution is the introduction of a certification program which separates gold 
of different origins. The artisanal mining organizations have to be examined and certified 
where appropriate, which means that they produce environmentally sensitive gold. The 
certification process involves the assessment of the mining methods to ensure that operations 
are not creating environmental problems such as siltation of creeks and rivers and the 
disposal of chemicals such as mercury in the tailings.  
 
It is important that the ‘dirty gold’ stays out of the economic stream of certified clean gold. 
Therefore, the gold has to be bought in an unprocessed state derived from gravity separation 
methods (nuggets, flakes and unmelted dust, no gold sponge from amalgamation methods). 
This ensures that the melting takes place in larger quantities under more controlled 
conditions.  
 
The success of certified, clean gold will be dependent on the methods by which fair trade 
organizations can ensure the integrity of the process. Gold certification is based on voluntary 
participations by the producers and appeal to the consumers’ willingness to pay a higher price 
for certified gold. Consumers need to get educated to become aware about environmental 
hazards from gold mining. It is in fact strange that clean gold is more expensive than gold 
produced with negative environmental impacts, but the higher price will stimulate the miners 
to change their practices and adopt sustainable methods (Hylander & Plath, 2006, p.382). 
 
Constraints:  

• High level of capacity and control required 
• Miners need to be organized 

 

5.4 Determination of most appropriate solutions  

 
The solutions that will be selected for implementation in Suriname must satisfy a number of 
criteria from different points of view from the miners as well as the government and all other 
organizations who want the situation in the artisanal gold mining sector to change. This final 
group will be called ‘the sustainable developers’. The most important criteria from the point 
of view of the sustainable developers are that the methods and technologies have to be: 

1. Sustainable and safe for both the environment and the workers 
2. A positive contributor to community development and the Surinamese 

economy.  
 
From the miners’ point of view, the solution has to be:  

1. Economically beneficial: the technology must be inexpensive to operate and it 
must generate obvious financial benefits  

2. Simple: the technology must be easy to use and would ideally utilize readily 
available resources  

3. Expedient: the economic mineral (gold) must be efficiently recovered (Hinton, 
2003, p.100) 

 
A miner will only change his working methods if he receives something back, and he will not 
pay a dollar for a piece of technique if it does not return two dollars. Alternatives have to be 
fast, easy and cheap, i.e. any change should be accompanied by a rapid rate of return, 
increased simplicity and a low investment. The availability of materials and the operating 
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costs are other factors that influence the adoption of any new technique. If a new technology 
does not meet all of these criteria, the chance of adoption is very small.  
 
In the following tables, the different types of solutions are assessed on the various criteria 
compared with the current technology (the dominant regime). For each criterion the 
technology fulfils, two plusses (++) are put in the table. If the criterion is fulfilled to a lesser 
extend, one plus (+) is assigned. If for a criterion nothing changes compared to the dominant 
regime, a zero (o) is assigned. If the alternative technology is scores negative for a certain 
criteria, compared to the existing regime, or the impact cannot be guaranteed at the moment, 
a minus (-) is assigned. Two minuses (--) are assigned when the criteria will not be met at all.   
 
 
++ Very much 
+ Reasonable 
o Neutral  
-  Not guaranteed  
--  Not at all 

Table 5.1: Scoring system 
 
 

 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5.2: Assessment of the technological solutions without mercury 

 

From the point of view of the sustainable developers, only the cyanidation method drops out, 
because this method is not very suitable for mining at small-scale, and can be harmful when 
not controlled correctly. From the miners’ point of view, all methods have disadvantages. As 
stated before, it is important that all three criteria are met. The only method that comes close 
to the requirements is the Cleangold sluice. However, this is a new method, and still needs to 
be tested objectively. 
 
 

                                                 
3 Objective testing with the Cleangold sluice has not been carried out yet; the technology is probably not 
efficient for all types of ore (e.g. clay).  

Criteria 

Sustainable developers Miners 
Technology 

without 

mercury Safe for 
health 

Safe for 
environment 

Economically 
beneficial 

Simple Efficient 

Centrifugal 
concentrators  

++ ++ - - + 

Shaking tables ++ ++ - + - 

Cyanidation - - + - ++ 

Cleangold 
sluice 

++ ++ (+)3 ++ (++)3 

Haber system ++ ++ - -- + 
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Table 5.3: Assessment of the technological solutions for mercury contamination reduction 

 
Retorts and fume hoods are very desirable technologies from the point of view of the 
sustainable developers. They increase safety both for health and environment. For the miners, 
they do not increase the amount of gold, but they can be attractive if the mercury is reused.  
 
The systemic solutions that have been described are not all suitable for the Surinamese 
situation, and do not all have the same priority. In the following table the 
suitability/importance, constraints/requirements and priority of the systemic solutions for the 
artisanal mining sector in Suriname will be summarised. For the priority, 1 = high priority; 2 
= medium priority; 3 = low priority.  
 
 

Priority  Systemic 

solutions 

Suitability/ importance Constraints/ requirements 

S.D.  Miners 
Amalgamation 
centers 

Not suitable because the 
mining areas are too 
widespread, and will not 
carry their concentrated ore 
over large distances, also 
because of criminality 

Skilled personnel, a stable 
situation and easy access 
for control is necessary, 
which is difficult to control 

3 3 

Miners 
associations 

High, associations are 
required for successful 
technological interventions 
and legalization of the 
activities 

The creation of associations 
must be supported with 
training to receive the 
maximum of benefits for all 
parties 

1 2 

Law 
enforcement 
and control 

High, laws are necessary for a 
legal basis and to support the 
interventions and restrict 
mercury trade  

Especially control requires 
a lot of financial and human 
capacity, which will not be 
available in short term.  

1 1  
(update of 
the mining 

law) 
Permanent 
biological 
monitoring 

Not easily suitable because of 
the large area, and limited 
access, but it is important to 
measure the environmental 
impact of artisanal gold 
mining 

Requires laboratories, and 
high amounts of financial 
and human capital. 
Monitoring does not 
directly improve the 
situation.   

2 3 

Technical 
assistance to 
improve 
efficiency 

This is very important, 
technical assistance is 
essential for change towards 
sustainability 

Human and financial 
capacity is needed.  

1 1 

Criteria 

Sustainable developers Miners 

Technology 

for mercury 

contamination 

reduction 
Safe for 
health 

Safe for 
environment 

Economically 
beneficial 

Simple Efficient 

Retorts ++ ++ + o + 

Fume hoods ++ ++ o o + 
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Governmental 
capacity 
building 

Very important, the capacity 
is needed for almost all other 
systemic solutions 

Institutions, NGO’s and 
governmental departments 
have to bundle their powers 
to create a strong institution 
that focuses on artisanal 
gold mining.  

1 2 

Certification 
system 

It will be an extra incentive 
for the artisanal miners to 
work environmentally 
friendly  

Success depends not only 
on the miners, but also on 
the consumers. A 
waterproof system of 
coordination and control is 
required.  

3 3 

 
Table 5.4: Assessment of the systemic solutions for sustainable development of the artisanal gold mining 

sector 

 
For the sustainable developers, it is important that miners’ associations are being established, 
the law is being updated, assistance to the miners will be provided and that the governmental 
capacity will increase. From the miners’ point of view, it is especially important that the 
mining law will be updated to make it possible to obtain legal concessions. Furthermore, 
technical assistance to increase their income (in a sustainable way) is important for the miners 
as well.  

5.5 Conclusions 

 
The conclusions from the selection of alternative technologies and necessary interventions 
are that the Cleangold sluice is the most suitable alternative, but testing has to make sure that 
this technology is applicable in all mining areas of the interior of Suriname. All aspects of the 
Cleangold sluice seem to fit into the requirements from the different viewpoints. The other 
technologies without mercury use seem to be too complicated, not efficient or too expensive 
for implementation in the current regime. However, the search for alternative technologies 
has to be continued, as developments in all parts of the world will be going on.  
 
Retorts and fume hoods need to be implemented at the same time, because not all miners will 
immediately adopt the Cleangold sluices, and they probably cannot be used everywhere. The 
use of mercury will not be abandoned within a short period, so everything has to be done to 
minimize the damage the current practices will cause.  
 
It feels contradictory to promote the Cleangold sluices and retorts in the same experiments. 
The experiments will be dependent on the level of awareness of each group of miners. Some 
of the groups will be much more aware than others, due to previous campaigns for example. 
If retorts are already used, the experiments can focus on the Cleangold sluices or other still 
unknown alternatives. For these experiments, awareness is needed and the miners really need 
to be (or become) motivated to stop using mercury. In areas where no retorts are used, it is 
advised to first focus on awareness building together with the promotion of retorts.  
 
The systemic solutions are measures that are (more or less) necessary to support the 
experiments and increase its success.  Especially capacity building, an update of the mining 
law, technical assistance to improve efficiency and the establishment of miners associations 
are required.  
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6 Creation of niche experiments 
 
In this chapter, the recommendations for one or more niche experiments will be formulated. 
These experiments will be the basis of the creation of a niche, and eventually bring about 
technological change in the artisanal gold mining sector.  
 
First, past experiences will be analyzed; the lessons learned are important for new attempts to 
change the sector. Next, the preconditions and facilitating conditions that are based on the 
results from the regime and landscape analysis will be given. All constraints and barriers will 
be summarized and then a possible niche experiment will be designed. Finally, the use of 
strategic niche management for the artisanal gold mining case will be evaluated.    
 

6.1 Analysis of past experiences  

 
Foundation for experimental mining 
In 1998, Gemerts, Noter and Healy published an article in “Interactie”, the magazine of the 
Technological Faculty of the University of Suriname. This paper called for the creation of a 
Foundation for Experimental Mining (FEM). The purpose of this foundation was to help 
miners acquire technology and management skills and develop new technologies in 
Experimental Mining Centers (EMC) in the interior, under realistic conditions at the mine 
sites. While producing gold, miners are exposed to concepts of geological exploration, ore 
reserve estimation, mining and concentration techniques, environmental impact, water 
reclamation, tailing pond building, revegetation, bookkeeping, etc. In addition, the Center can 
improve the economic and social welfare of artisanal miners and their families providing 
advice on how to obtain legal mineral titles and financial support, how to plan a mining 
operation, how to avoid occupational exposure, how to start alternative economic activities 
and other family matters. The miners would learn how to make their own retorts, and the 
centers could be a meeting place for miners to exchange their experiences.  
 
During the second phase, proven technologies and regimes would be disseminated among 
miners in an effort to mitigate the negative impacts of the methods in use (Gemerts et al., 
1998 and Veiga, 1997b, p.17). This foundation has not been established until present. The 
reason for this is a lack of confidence from the parties involved (Healy).  
 
A form of experimental mining has already taken place in the interior of Suriname. Several 
decades ago the Wylab Mining Company on the Sara Creek had developed and adopted 
techniques for mining without mercury on its concessions. Unfortunately, the dissemination 
of these mining techniques and management strategies has not taken place. The proven 
technology existed, but the methodology of reproducing a management environment that can 
host and maintain such technology at other locations was not documented and disseminated 
(Healy, 2007, p.6) 
 
Under the Wijdenbosch government (1996-2000), a scheme similar to the FEM was 
developed and implemented, but the focus was on the registration of miners and on the 
collection of miner’s registration fees. The program divided the gold mining area into five 
zones and 15,000 miners were registered after payment of US$ 200.  Even though it is 
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mentioned in the plans, little or no technical assistance was provided to the miners, and the 
environmental degradation continued unabated (Healy, 2007). 
 
Retorts 
Many attempts to improve the artisanal gold mining regimes have a limited impact, because 
the stage of experimentation and niche development is skipped and project executors try to 
intervene in the unprotected regime level directly. Ten years ago a project brought retorts to 
the gold miners. The use of the retorts was explained and miners were given this equipment. 
The effort had little or no impact. Demonstrations during short visits were not enough to 
bring about a lasting change in the thinking and behavior of the miners. The miners did not 
have the chance to be part of a discovery and learning process. Limited ownership of the 
process develops which deters dissemination and adoption. Moreover, the equipment was not 
appropriate. The program distributed expensive retorts which used gas. Not all miners have a 
workshop with gas cylinders. Short demonstration visits are not enough to solve this problem. 
A sustained presence in the field is needed to overcome the ‘anthropological deficit’ 
(UNIDO, 2007a, p.27). 
 
Examples from many projects in other countries by institutions as CETEM, UNIDO, Project-
Consult GmbH, ITDG and OAS show that artisanal miners are reluctant towards retorts. 
Reasons are a lack of concern from environmental and health impacts relative to other issues 
(i.e. the ease and speed of open-air amalgam burning) and the negligible costs savings from 
mercury recovery. Furthermore, miners are afraid of attacks by bandits during amalgam 
decomposition, thus a fast process can be crucial (Hinton, 2003, p. 107).  
 
Gravity concentration 
Veiga (1997a, p.47) writes in his article about introducing new technologies in Latin America 
that all attempts to introduce gravity concentration equipment, such as shaking tables, spirals, 
panners, etc. to eliminate amalgamation have not succeeded. Mercury use was never 
eliminated completely. These methods are based on using gravity to clean a rougher 
concentrate (from sluice boxes) in order to obtain a rich final concentrate for melting. But 
unfortunately, the resulting gold-rich product is then amalgamated to extract very fine gold. 
 
WWF/IADB project 
At the moment, a project of WWF and IADB is running. This project focuses on the 
organization of artisanal miners, in order to give them a legal status and make it possible to 
assign for a formal concession. The project initially aimed to create a national miners 
organization, for all artisanal miners in Suriname. During the execution of this project, it 
became clear that artisanal miners are not willing to organize themselves nationally before 
local organization is arranged. The goal of the project changed towards the establishment of 
local organizations in the mining areas in the interior of Suriname. Because the area and the 
amount of miners is so large, this process develops slowly. Only one person is carrying out 
the essential field work at the moment. The miners are very willing to cooperate, because it 
can give them a more secure future. From the point of view of WWF, the ultimate goal is to 
diminish the environmental impact that is linked with artisanal gold mining. Organized 
miners can be influenced more easily. If the project continues, it should make the miners 
organizations aware of the damage they create with the use of mercury, and bring technical 
solutions.   
 
During the project, one important lesson has been learned already, namely that it is better to 
first aim deep and not wide. Only when the first organizations are really running, the effort 
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should be made to start with new ones, instead of creating a lot of organizations and spread 
the attention amongst too many mining groups that do not function optimally (Healy).  
 
Stinasu 
Stinasu is the foundation for nature conservation in Suriname, and focuses on the protection 
of the natural parks. In the Brownsberg Nature Reserve, mining activities are taking place. 
Stinasu tries to stop the environmental damage that is related to these activities, but without 
much success. They developed a brochure which describes the dangers of mercury.  
 
Experiences worldwide  
Attempts to introduce gravity concentration equipment to artisanal miners such as shaking 
tables and centrifuges to eliminate mercury amalgamation have not succeeded. These 
methods, which use gravity to separate particles on the basis of density or size to obtain a 
metal-rich final concentrate, can reduce mercury use but they are still not effective enough. 
Further concentration with mercury is generally needed (Hinton et al., 2003, p.104).   
 
At the other hand, there are a number of examples in other countries (such as the Haber-
technology which is used in Ghana) where sustainable gold mining is possible. But in these 
countries, the conditions are very different (many miners concentrated in one area for 
example) or the ‘owner’ of the technology is the same person as the concession holder.  
 
���� Lessons learned from past experiences 
There have not been many (successful) attempts to change something in the artisanal mining 
sector in Suriname. Capacity problems and a lack of resources are the most important 
restrictions, but there is also a lack of know-how about the situation in the interior and the 
technical alternatives. Different institutions develop different projects. It would be much 
more effective if these attempts are bundled.  
 
The WWF project proves that initiatives should first aim deep and then wide, instead of the 
other way around. It is much more stimulating for all parties to first have a successful 
intervention at one location, to prove that the method works, and then disseminate it.  
 
Past experiences also prove that many of the available alternative technologies are not 
suitable for artisanal mining because of the high costs or lack of efficiency. There are no 
advantages (compared to the current regime) for the miners and therefore no incentives to 
adopt it. Furthermore, almost all of the methods do not completely abandon the use of 
mercury; amalgamation is needed at the end of the process for an optimal result.  
 

6.2 Preconditions 

 
Preconditions are requirements that have to be fulfilled before SNM-type experimentation 
will be possible. The prerequisites that are mentioned by Caniels and Romijn (2006), have to 
do with certain technological characteristics of new technologies and societal preconditions. 
These requirements are listed below.   

• The possibility to create sheltered spaces for incubation 
• Possibility for continuous evaluation & incremental improvement 
• The new technology must exhibit possibilities for capturing temporal increasing 

returns or learning economies (will not be discussed, is not relevant in this case) 
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• The new technology should still be open to development in different directions 
• The technology should be already attractive to use for certain applications in which 

the disadvantages of the new technology count less and the advantages are highly 
valued.  

• Values and attitudes must be conducive to experimentation on the new technology 
(awareness) (Caniëls & Romijn, 2006, p. 6-7) 

Important preconditions derived from other sources and past experiments are: 
• Sustained presence in the field 
• Organization and legalization 
• Involvement of women 
 

 
 
Possibility to create sheltered spaces for incubation 
The system of artisanal gold mining in Suriname, in small groups of people situated in quite 
isolated areas is an appropriate setting in which the new technology can be used 
experimentally. But there will be some pressure for immediate performance, since the miners 
do not want to loose income while spending time on experimentation. For the retorts, they 
will only be used at the end of the mining process, during burning of the amalgam. This will 
not be a problem, because the miners can just work as they normally do. The experiments 
with the Cleangold sluices (or other technological substitutes) have to be done instead of their 
normal practices, because the existing sluice box will be used, lined with Cleangold plates. 
Another option is to build two sluice boxes next to each other, one normal sluice box, and 
one with Cleangold plates, to be able to compare both methods. The miners need to get 
quickly convinced of the advantages of this technology and the need for change. There is also 
a possibility to work with miners who have no place to work at the moment, for instance in 
Nieuw Koffiekamp, where a large number of miners are waiting to get permission to work in 
the Rosebel area. Together with RGM, a temporarily experimentation site can be appointed 
where the unemployed miners can come to learn about the technology. RGM can force the 
miners to first attend the experiments and training at the experimentation site before they can 
start working at a new site, appointed by RGM. 
 
Ideally, the existing setting should be one in which the benefits of the new technology are 
valued highly, and the used technologies are suffering from certain problems. Then there is a 
need for change, and the miners would be very motivated to cooperate, and willing to put up 
with initial high costs or teething problems (Caniëls & Romijn, 2006, p.6). Unfortunately, at 
the moment the miners do not see any need for change, so they have to get motivated by 
external factors. 
 
Possibility for continuous evaluation and incremental improvement 
The results of the experiments must be evaluated and used for improvement of the 
technology. The Cleangold sluice is a relatively new innovation, and improvement must be 
made possible. The developers of the technology must be involved of the experiments. The 
retorts are available in various varieties and qualities. The experiments must find out which 
type is most useful in the interior of Suriname, and must be adapted to the local 
circumstances. Influencing factors are the availability of the materials, need for maintenance, 
sustainability, capacity, efficiency, simplicity and safety. Evaluation makes the next 
experiments more efficient.  
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The new technology should still be open to development in different directions 
In the gold mining sector, technological development is always going on. While ten years ago 
all the work was done by hand and at a very small scale, nowadays technological innovation 
and adoption of equipment like bulldozers and 6 inch pumps have increased the production 
enormously. Another example is the visible shift from hydraulic mining towards rock 
crushing in some areas. Technology that will be implemented must be open to follow these 
developments. This does not count for retorts, because the scale of production does not 
directly influence the use of this device. But the Cleangold sheets that are recommended for 
the experiments must be able to adapt to the changing circumstances. Otherwise, other 
sustainable technologies need to be developed and implemented. In this case, it is not so 
important which technology is implemented, as long as it is a sustainable alternative. It is 
therefore important to stay informed about the developments in the artisanal gold mining 
sector, and adapt the experiments to it in the future.  
 
The technology should already be attractive to use for certain applications in which the 
disadvantages of the new technology count less and the advantages are highly valued 
This requirement should be formulated even stronger, because it is important that the miners 
can use the technology as soon as possible in a way that is as optimal and efficient as possible 
to maximize their profits and convince them of the right decision if they adopt the 
technology. The technology should be so attractive that the adoption goes fast and can be 
used by as many miners as soon as possible.  
 
Values and attitudes must be conducive to experimentation on the new technology 
This factor can be a constraint for successful experimentation, but this emphasizes the 
importance of education and awareness building about the dangers of mercury and the 
damage it occurs to the environment and health of the people.   
 
Sustained presence in the field 
In past experiences, it is proved that short demonstration visits are not enough to solve the 
problems in the artisanal mining sector. A sustained presence in the field is needed to 
overcome the ‘anthropological deficit’.  
 
There are other disadvantages of a short visit. To begin with, it is impossible to successfully 
improve a system one does not fully understand. In-depth knowledge of the current regime 
one wants to change is essential. This expertise can only be acquired with lengthy study 
visits. Secondly, one has to gain the trust of the artisanal miners who work under extremely 
high risk conditions and under a lot of market pressure. Most machine holders are in debt and 
are not likely to make available their equipment and workers for the purpose of 
experimentation. A miner who does not trust those trying to help them will not open up to 
new ideas. Developing in-depth knowledge and building trust requires a sustained presence. 
The role and status of the miners in the change process is critical – they must be in charge of 
the process of change (Healy, 2007).  
 
Organization and legalization  
According to the conclusions of the World Bank roundtable discussion in 1995, legalization 
of artisanal miners is an essential precondition for reform of the sector. “No solutions [are] 
possible unless artisanal miners [are] given full legal and transferable mining titles to their 
claims” (Noetstaller, 1995).  Before legalization is possible, the miners need to get organized. 
Local organizations create the possibility to reach and influence the miners and to force them 
to follow certain rules. It is furthermore important to know who the miners are, to be able to 
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collect taxes. Legalization of all miners is a long process, in the mean time, it is important to 
start carrying out experiments and raising the awareness and rate of adoption of alternatives.   
 
Involvement of women 
As the Maroon society is based on a matriarchal structure, women must be used as important 
couriers of information to influence their communities to change their poor amalgamation 
and mining practices. Programs and projects in Suriname to reduce mercury emissions must 
have a strong component focused on women, moreover because they are the most sensitive 
victims of mercurialism (Veiga, 1997b, p.13). 
 

6.3 Facilitating conditions  

 
Facilitating conditions are contextual factors that stimulate or enhance niche processes, but 
that are not strictly required for those processes to be able to operate. As mentioned in section 
2.5, the division of Caniëls and Romijn (2006, p.6-7) into two sub-groups (short and long 
term facilitating conditions) will not be used. For each condition the term will be mentioned 
if this is of importance.  
 
Caniëls and Romijn determined six facilitating conditions that will enhance niche processes:  

• Structural regime instability (need for alternatives) 
• Sufficient institutional support, actor skills, knowledge and techniques  
• Broad public support base  
• Incentive policies (tax and reward system can make technologies more attractive) 
• Centralized planning activities (governments’ role is to plan for the creation and 

building of a new socio-technical regime) 
• Direct network formation activities (Caniëls & Romijn, 2006, p.7-8) 

 
Regime instability is needed to get a demand for alternatives from the sector itself. Regime 
instability makes the miners motivated to innovate and search for alternatives. At the 
moment, from the miners’ point of view the regime is quite stable regarding the technology 
used. The only instable factor is the fact that they are unsure about places to work, because of 
the illegality of the activities. Regime instability in the artisanal gold mining sector can be 
manipulated or influenced by external factors such as the availability of mercury, the gold 
price and other market forces like the increasing demand for ‘clean (or green) gold’, 
awareness raising campaigns and policy measures that force the miners to look for 
alternatives.  
 
These external factors will not arise spontaneously; stricter international control on mercury 
trade and international campaigns to promote green gold and to make the consumers aware of 
the dirty side of gold production have to enhance this.  
 
A durable systemic measure is the introduction of environmental issues in the formal 
education (schools). A Miner’s child can play a positive role in changing the attitudes of their 
parents with respect to poor amalgamation practices (Veiga, 1997a).  
 
Institutional support is a very important condition, and in this case actually a precondition, 
because of a lack of regime instability from the point of view of the sector itself. It will be 
recommended in section 6.5 to develop a special gold mining institution to provide for all 
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facilities that are needed for a change towards a sustainable gold mining sector. This 
institution has to be a platform for increase of skills, knowledge and alternative technologies.  
 
Artisanal gold mining can only be a contributor to the economy if the public support is great 
enough. Today, too many people are not thinking about solutions to make the sector 
sustainable, they only want to get rid of it, remove the gold miners and stop all practices. This 
is not a sustainable solution because first, it will be impossible to abandon all activities from 
the interior, and second, thousands of people will get unemployed which will cause many 
other problems. The public has to realize that if gold mining takes place in a sustainable 
manner, which is possible, that the sector can have a positive contribution to the economy of 
the country.  
 
Caniëls and Romijn mention incentive policies and centralized planning activities as short 
term facilitating conditions, but the Surinamese government does not have the capacity to 
fulfill these conditions at a short term.  A tax and reward system needs a high level of control, 
which cannot be carried out, since a lack of control is one of the main causes of the problems 
to begin with. So it is impossible to use measures that require a lot of control at a short term. 
First, capacity building is needed, and the task the government should play can be taken over 
by the proposed gold mining institution (see section 6.5). This institution has to assist the 
government with the planning activities and network formation, like the establishment of 
associations. Miners and miners associations from different areas have to stimulate each other 
to work as environmentally friendly as possible.  
 

6.4 Summary of constraints, barriers and preconditions for successful 
implementation 

 
Constraints and barriers  
 

• Control  
o Lack of government presence and control in the interior 
o Lack of practical and up-to-date legislation 

 
• Methods and technology 

o Lack of adequate prospecting 
o Use of inefficient ore processing techniques  
o Incorrect but strong beliefs about current mining methods (whole ore 

amalgamation) 
o Unavailability of alternatives 
o Lack of knowledge about alternatives  
o Investments already made in current machines and technology 

 
• Mercury, environment and health 

o Lack of awareness of the dangers associated with the use of mercury 
o Lack of knowledge about the dangers associated with the use of mercury 
o Lack of concern about the natural environment 
o Importance of amalgamation, which makes it difficult to convince miners to 

use less mercury due to health hazards  
o Inadequate health and hygiene measures  
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Preconditions for successful implementation 

• Awareness of the dangers of mercury use has to increase for all people (miners, 
women, children) living in gold mining areas.  

o By spreading information in the form of clear brochures (that makes use of 
cartoons)4, for example by gold buyers and service providers 

o By information sessions 

o Information in newspapers, radio5 and television programs 

o Instruction of schoolteachers, in a way that they are able to educate the 
schoolchildren about the characteristics and dangers of mercury 

• Possibilities to create sheltered spaces 

o Selection of locations based on access, level of organization of miners and 
willingness to cooperate 

• Evaluation and improvement possibilities  
o Including a continuous search for other alternative sustainable gold mining 

technologies 

• The technology must be attractive and ready to use in practice  
• Sustained presence in the field by change agents  
• Organization and legalization of miners 

• Involvement of women 

 

Facilitating conditions  
• Create regime instability by internal and external factors  
• Create an institutional platform  
• Create a broad public support base  

o Convince the Surinamese society that gold mining can be used for 
development and must not only be seen as something very negative 

• Develop incentive policies, central planning and network creation 
 

 

6.5 Design of a niche experiment: guidelines for successful 
implementation of alternative technologies  

 
The situation and the problems in the artisanal gold mining sector in Suriname are very 
complicated, and a lot of factors play an essential role.  
 
Sufficient capacity – human as well as financial – is the first precondition before intervention 
can take place, because there are so many essential factors that have to be taken into account 
to make incentives successful. It is therefore recommended that a special Gold Mining 
Institution is established. When the capacity and the resources are available, the experiments 
can start, for which the steps described in the second chapter will be used as a guideline.  
 
 

                                                 
4 Heemskerk and Olivieira (2004) recommend the use of cartoon-brochures because “mining camps are 
generally boring; educational, visually appealing, and entertaining booklets are likely to attract a wide 
readership” (p.34). 
5 Community radio is the best medium to transmit information to a large audience in Eastern Suriname 
(Heemskerk and Olivieira, 2004, p.34). 
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Gold Mining Institution 
Past experiences show that the involved institutions do not have enough capacity and 
resources to solve the problems in the artisanal gold mining sector, and to carry out 
successful projects. For these institutions, artisanal gold mining is only (a small) part of their 
tasks, and different projects do not cooperate. It is therefore recommended that a new 
institution has to be established, in which all parties that can contribute to the sustainable 
development of the sector are represented. Personnel has to be hired who can be fulltime 
working on the sustainable development, who can provide training, raise funds and set up an 
awareness campaign. This institution has to involve (former) miners as well, who can be 
trained to transfer the knowledge and skills to the miners in the field and convince them that 
they have to change their practices. 
 
The government has to acknowledge the massive damage the artisanal gold mining sector 
causes to the country and hence the need for immediate and systematic intervention. The 
government has to formulate a policy together with the institutions involved, and this will be 
carried out by the new institution. Institutions that could contribute to this new institution are 
WWF (World Wildlife Fund), IADB (Inter American Development Bank), Stinasu 
(Foundation for Nature Conservation in Suriname), NIMOS (National Institute for 
Environment and Development in Suriname), UNIDO (United Nations Industrial 
Development Organisation) and INTEC (Institute for Applied Technology, a research 
institute at the University of Suriname). 
 
The Global Mercury Project (GMP), a joint initiative of the Global Environmental Facility, 
UNIDO and UNDP could be consulted to provide assistance on the implementation of 
alternatives and mercury reduction. The experiences that this project has had in other 
developing countries all over the world about reducing mercury emission in gold mining, 
training and awareness building are very useful for the intervention in the Surinamese gold 
mining sector.  
 
The gold mining institution should start small, to be able to start immediately with the niche 
experiments, which also start at a small scale. It will be a waste of time and money to first 
build up the whole institution before actually going into the field. The institution can be a 
continuation of the current WWF ‘organization of miners’ project.  
 
Tasks of this institution include: 

• Control of mercury trade  
• Assisting the government with updating the mining law 
• Search for sustainable technologies  
• Training of change agents 
• Development of training material  
• Awareness building at local and national level  
• Fund raising 
• Management of loans for the purchase of sustainable technologies  
• Local and national organization of the sector 
• ���� Undertake niche experiments 

 
Step 1: The choice of technology 
The literature advises to start simple. Miners need to get convinced of the need for 
technological change before they will cooperate. The first technology that has to be 
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implemented and adopted are retorts, because they will immediately reduce the 
environmental and health damage due to the use of mercury. This technology is simple to use 
and cheap, and can be used in addition to the technologies currently used. It stays close to the 
existing regime. There are various types of retorts. The experiments have to determine which 
type is the best. The experiments with retorts have to be combined with a device to re-
activate the mercury, so that it can be reused for the next operation (see figure 5.7).  
 
A second type of experiments that is important to carry out has to do with the concentration 
method, and the moment mercury is used in the mining process. The research has shown that 
many miners amalgamate the whole ore. Experiments have to make clear and convince the 
miners that this is not the most efficient way, and in addition very damaging. The miners 
have to realize that flouring occurs when the mercury passes the slurry pump, and that it does 
not capture the gold anymore. Furthermore, experiments can be done in which the tailings of 
both methods are compared.  
 
In a later stage, when the miners are aware and when they have adopted the retorts, new 
experiments can be carried out to implement technologies that do not make use of mercury at 
all, such as the Cleangold sluices (for which further testing is still needed). A constant search 
for alternatives is necessary, since there still does not exist an ideal sustainable gold mining 
technology.  
 
The gold mining institution has to select and train change agents who carry out the 
experiments and convince the miners to change their habits. It is important that these change 
agents are closely linked with the miners and that the miners can identify themselves with the 
change agents. They should preferably be former miners, and originate from the area.  
 
 
Step 2: The selection of an experiment 
The selection of an experiment starts with the location. Many different areas and mine sites in 
Suriname have been visited for this research. Some where easy accessible, others were 
difficult to reach. For the first experiments, it is important that the location is easy accessible, 
in order to keep the costs at a low level. It is also important that there is a lot of mining 
activity in the neighborhood. In this way, the results can be followed more easily and the 
chance is higher that more miners can be exposed to the technology, for a fast adoption rate.  
 
A second aspect that is important in the selection process is the way the miners are organized. 
When the miners in an area are members of a local organization for miners, it will be much 
easier to reach and influence them. The board of the organization can force the miners to 
cooperate with the experiments. The organizations that are already founded by the WWF 
project have an article in their bylaws which says that they have to reduce the use of mercury, 
take care of safe transportation and storage, stop using it for whole ore amalgamation, use a 
retort, recycle mercury and do not dump tailings that contain mercury in the environment. 
The board of the organization has to make sure that these rules are followed. The sustainable 
gold mining institution has to provide assistance.  
 
It is advised that the first experiments take place in the area of Brownsweg / Nieuw 
Koffiekamp and within the borders of Rosebel Gold Mines. The miners in this area are 
known and relatively easy to influence. The miners need to get involved in the process, they 
can help to find a suitable site to do the experiments. For the experiments with retorts, an 
existing centrally located mining site can be used.  
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Step 3: The set up/ implementation of the experiment 
If the location of the experimentation site is known, the first experiments can be done. For 
experiments with retorts, gold-mercury amalgam is needed, and this is only available at the 
end of the process, after approximately 10-14 days. To work efficiently, different groups of 
miners should be involved in these experiments. They must let the change agent and his team 
know when they are ready to burn the amalgam. There is a chance that they will not 
cooperate if they are not convinced of the working of the retort. Therefore, an alternative 
must be found. A possibility is that the change agent brings some amalgam with him to the 
site, to show that it works. Furthermore, a glass bowl retort can be used, which makes the 
retorting process visible.  
 
Together with the training about how to use a retort, miners must get informed about the 
dangers of mercury, and the importance of using a retort to diminish mercury pollution.  
 
Meanwhile, the gold mining institute should not only support the change agents in the field, 
but also formulate a long-term policy strategy together with incentive policies. The problem 
with retorts is that it does not improve the gold recovery or the quality of the gold. There are 
no clear economical benefits and does not make the work easier. The only benefit (next to the 
environmental and health advantages) is that the mercury can be reused. But the miners do 
not belief in this, because retorted mercury has to be reactivated first. It is furthermore hardly 
possible to control if the retorts are really used after the experiments are finished, because the 
burning process takes only place during about one hour in 10 days.  
 
A solution could be that together with the gold, the recovered mercury can be sold at the gold 
shops in the city, or at a central place, where it can be reactivated centrally and sold again. 
Miners could simply exchange the used mercury for activated (‘new’) mercury, for their next 
activities. At this central place (for instance located at the gold mining institute), the mercury 
could be activated in an efficient and safe process. This will save the miners extra work and 
costs and will especially be attractive if the mercury price is high. Instead of the miners the 
service provider could take care of the exchange of used and ‘new’ mercury.  
 
When this mercury exchange could be made possible, miners would be much more motivated 
to adopt the retorts. It has to be seen as a reward system for the use of retorts.  
 
Step 4: Scaling up of the experiment 
When the first experiments are successful, the experiments are ready to be scaled up. This 
can be done in various directions. More different sustainable technologies could be tested and 
developed, and the experiments could be implemented in other regions. For the retorts, it is 
important that they are adopted as much as possible in a short period, to diminish the damage 
from mercury use quickly. But the efforts should not be rushed, as became clear from the past 
experiences.  
 
Some of the criteria that were used for the selection of the first experiments are still 
important. Miners have to be organized and willing to cooperate.  
 
Step 5: Breakdown of protection by means of policy 
The protection consists of the effort done by the people of the gold mining institute, who 
bring the alternative technologies and training programs to the miners. The costs of the 
experiments and training initially have to be paid from funding from NGO’s (UNIDO, WWF, 
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etc.) and the government. When the awareness is sufficient and the miners are used to the 
idea of sustainability and the use of alternative equipment and retorts, the intensity of support 
can be gradually broken down.  
 
However, the gold mining institute should continue its work without time limit. It is not 
possible to predict what is going to happen in the long run, but it is important that the 
artisanal gold mining sector gets help to become sustainable and profitable for the country.  
 
If the level of organization of the artisanal miners becomes high enough to raise taxes, (part 
of) this money must be used to continue the work of the gold mining institute. There will 
always be better alternative methods, the local organizations will need continuous training 
and also the awareness raising should be continued. Furthermore, in the long run, the institute 
could start with the less important initiatives such as a ‘green gold’ program.   
 
Points of attention 
Because of the facts that the artisanal mining sector is such a large and widespread sector, 
and the environmental impact and threats are so alarming, it is important that the government 
supports the initiatives that are taken to improve the sector. In the first place to decrease the 
environmental damage and destruction, and second, to make the sector beneficial for the 
economic development of the country.  
 
To be able to really change the current regime, a lot of money is needed. Traveling in the 
interior of Suriname is expensive, and changing the habits of a large group of people that are 
not aware of the damage they create takes a lot of time. But it is important for the future of 
the country and its children, and cannot be neglected. It is important that the niche 
experiments are successful and are the start of a change towards a sustainable artisanal gold 
mining regime. The government should make a special budget item to seize the sector, and to 
build up the gold mining institution.  
 
  

6.6 Evaluation of the use of SNM  

 
Differences with the literature 

There are some differences between SNM for artisanal gold mining in Suriname and the 
SNM examples available in the literature, that have been taking place in the developed world. 
In Suriname, the emphasis lies on the urgency of technological change, and the fact that the 
current regime should make a shift as soon as possible. Furthermore, the regime shift is vital 
to the national interest. For the literature examples, SNM was mainly used by the developers 
of the technology themselves, in order to test and improve their inventions and create 
demand. Another difference is that the technologies that should be implemented for gold 
mining, should be as far as possible ready to use immediately. One should make use of the 
know how and research done in other countries, and spend as little money and time as 
possible to invention, development and adaptation of alternatives. However, it is very 
important that the implemented technology is appropriate to use within the local 
circumstances.  
 

Shortcomings/adaption of SNM for developing countries 

Strategic Niche management literature is based on developed countries with a strong 
institutional structure and a government which is able to regulate and control niche 
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development and regime changes and an extensive market. In Suriname (and many other 
developing countries) this is not the case. Taking certain measures by the government will 
not be easy and cannot be used as a short-term activity. In developing countries, Strategic 
Niche Management has to be adapted to the local situation, and especially the local system of 
regulation and control, the capacity and the available resources. In addition, being less 
developed in general results in the fact that a wide range of barriers and external factors have 
an influence on the success.   
 
The five steps of setting up niche experiments that are developed by Caniëls and Romijn 
should be further developed. First, these five steps mainly focus on the experiment itself; they 
do not make clear how to address other, non-technical factors. Second, the five steps (and 
other SNM-literature) do not mention the importance of the selection of the location where 
the niche experiments should take place. Especially in developing countries, this selection 
can be a critical factor for success. And third, because there are no practical examples 
available that can be compared with this case, it is difficult to plan the forth and fifth step of 
the SNM process. Of course this is very much dependent on the local situation. However, it is 
important to have an idea about how these steps should be executed.  
 
In addition to the preconditions for successful experimentation that are discussed in the 
SNM-literature, some other preconditions are important for intervention in developing 
countries. First, change agents should be present in the field for a long period, to make sure 
that the miners become fully aware of the risks and the need for change. Second, organization 
and legalization is important for sustainable development of the sector, and increases the rate 
of successful adoption of alternatives. Third, the social structure of traditional communities 
should be taken into account, which means that women should be involved in all stages of 
intervention.  
 
Importance of SNM 

Bringing about changes in a sector like the artisanal gold mining sector in Suriname can only 
be done in a way that is advocated by Strategic Niche Management. Structured interventions 
that start at a small, experimental scale are not only efficient in terms of costs, but are 
important to be able to take into account the wishes and needs of the actors in the field. 
Involvement of the miners is essential for successful interventions.  
 
Strategic Niche Management also provides the tools for a structural analysis of the sector, 
before intervention can take place. In many projects, this analysis is skipped or done only 
roughly, which can result in undesired surprises during the executing phases.  
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7 Conclusions and recommendations  
 
First the most striking research results will be laid out after which the answers of the research 
questions and the related recommendations will be given.  
 
The field research resulted in some interesting and shocking findings that were not stated 
clear in the used literature. An eye-opener for people executing projects in the sector is the 
fact that the awareness and knowledge of the miners and community members in the mining 
areas about mercury and its dangers is far below expectation. Miners did not know about the 
risks and did not take any (sufficient) measure to protect themselves and the surrounding 
area. Most people that were interviewed did say that they had heard that mercury is 
dangerous, but they did not know anything about how to treat mercury and what the effects 
are.  
 
Because mercury is especially affecting the development of children, it is important that the 
total community within and outside mining areas becomes aware of the dangers. This starts 
with the education at primary schools, but at the moment, even the teachers are not aware of 
the risks.  
 
The main research question is: How can Strategic Niche Management be used to bring 

about technological change and contribute to sustainable development of the artisanal 

gold mining sector in Suriname? 
 
In order to answer this question, the answers on the sub-questions will be discussed.  
 

1. How can the current regimes of artisanal gold mining, corporate gold mining, 

regulatory and social structure be characterised?  

The extensive answer of this question can be found in chapter 3. However, the four regimes 
can be summarised with a number of characterising keywords.  
The artisanal mining regime is characterised by: 

• The only non-criminal opportunity to make enough money without education  
• Lack of adequate prospecting 
• Use of inefficient ore processing techniques 
• Lack of awareness of the dangers associated with the use of mercury 
• Inadequate health and hygiene measures  

The corporate gold mining regime is characterised by:  
• Structural organisation  
• Large investments in prospecting and exploration activities 
• High level of technology used  
• Complies with international standards  

The regulatory regime is characterised by 
• An outdated mining law 
• Lack of capacity to control the mining activities in the interior 
• Development of own, different rules in the interior (extra-legality) 

The social regime is characterised by 
• Traditional communities 
• Immigration of Brazilians  
• Migration of miners between areas 
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• Social tensions between Maroons, Brazilians and corporate concession holders 
 

2. Which alternative technologies are suitable and affordable for the artisanal gold 

miners?  

At the moment, there are no ready-made solutions available that could solve all technical and 
especially environmental problems. Technologies like the Cleangold sluice box seem suitable 
for implementation in Suriname, but objective testing has to be carried out first. Most 
technologies do not meet all requirements of the miners; an alternative has to be 
economically beneficial, simple and expedient. Retorts and fume-hoods are technologies that 
do not replace the current methods, but are used to minimise the hazardous impact of 
amalgamation by recovering the mercury and making it available for re-use. It is very 
important that all miners start using retorts in the short-term.  
 

3. Which attempts have been made in the past and which lessons can be learned 

from this?  

Various attempts to improve the sector have been made by divers institutions, but none of 
them were very successful. Reasons for this are mainly capacity problems and a lack of 
resources. A lack of know-how about the situation in the target-area and the technical 
alternatives have played a role as well. Lessons learned are that institutions have to start 
working together, projects have first to aim deep and then wide and miners need to be aware 
of the advantages of cooperation with the projects.  
 

4. How could the selected technologies be implemented and which preconditions 

are linked with these technologies. 

Implementation of technologies should be done by making use of niche experiments. A 
protected environment will increase the rate of adoption because miners have the time and 
opportunity to get used to the technology. Niche experiments will only be successful if the 
following preconditions are fulfilled:  

• Possibility to create sheltered spaces for incubation 
• Possibility for continuous evaluation and incremental improvement 
• The new technology should still be open to development in different directions 
• The technology should preferably be so attractive that the adoption goes fast and can 

be used by as many miners as soon as possible  
• Values and attitudes must be conducive to experimentation on the new technology 
• Sustained presence in the field 
• Organisation and legalization of the sector  
• Involvement of women in all stages of intervention 

Next to these preconditions, there are a number of facilitating conditions, which will enhance 
niche processes. These can be found in section 6.3. 
 

5. What are the major guidelines for successful implementation of these 

technologies?  

For successful implementation of selected technologies, niche experiments have to be carried 
out. These experiments exist of five steps with accompanying guidelines namely: 

1. The choice of technology. It is advised to start with simple technologies that stay 
close to the existing regime, and to select change agents with mining experience with 
whom the miners can easily identify.  

2. The selection of an experiment. It is very important to select a good location that is 
easily accessible, in an area with a large amount of miners and a certain level of 
organization. The first experiments should focus on the reduction of mercury 
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emission, by introducing retorts and making clear that whole ore amalgamation is a 
bad and inefficient practice. 

3. The set up/implementation of the experiment. Together with the experiments, training 
and education of the miners is important to increase the awareness and motivation to 
change. At the same time, incentives have to be developed to support the technical 
change.  

4. Scaling up of the experiment. Successful experiments cold be implemented in other 
regions, and experimentation can be carried out with various other technologies.  

5. Breakdown of protection by means of policy. The artisanal mining sector will need 
assistance for a long period to ensure sustainable development. 

In order to achieve this, institutions and stakeholders have to start cooperating to make niche 
experiments possible. Corporate mining companies have to support the experiments and play 
a role in controlling the artisanal mining activities. It is recommended to establish a gold 
mining institute, which has to fulfil some other tasks as well, next to managing the 
experiments. The gold mining institute should: implement a program for awareness building 
at local and national level, control the trade of mercury, train change agents, develop training 
material, raise funds, help the sector organize, search for alternative technologies and help the 
government with updating the mining law. In addition, the institution should support 
initiatives like a system to exchange inactive, recovered mercury for activated mercury 
against low costs, to support the use of retorts.  
 
Concluding remarks regarding the main research question 

Sustainable development of the artisanal gold mining sector of Suriname is strongly linked 
with technological change, especially to reduce the emission of mercury. Many factors at the 
level of the regime as well as the landscape are preventing the sector to change without 
external intervention. With the use of Strategic Niche Management as a research tool, the 
problems in the artisanal mining sector and the barriers that prevent technological change are 
becoming well-organised and easier to address. Next, Strategic Niche Management is a 
suitable framework to ensure successful intervention by advocating technological change by 
executing niche experiments. During these experiments, it is important to involve all 
stakeholders and to focus on education and awareness building. But Strategic Niche 
Management alone is not sufficient. In addition, ‘carrots’ and ‘sticks’ should be developed to 
both encourage and force the miners to adopt devices like retorts and to minimize the use of 
mercury. For example, offer a higher price for mercury-free gold, measurements that make 
mercury scarce and more expensive, subsidies or loans for the purchase of sustainable 
technologies  
 
The government should acknowledge that artisanal gold mining cannot be abandoned, and 
that policy should aim for legalization of the activities in order to make control possible and 
the benefits for the country higher. There is also an important role for the large scale mining 
companies. They should take care of the artisanal miners in their area and promote and 
require the use of retorts and other sustainable technologies, and a minimal emission of 
mercury. The government could require this when renewing existing or developing new 
mineral agreements.  
 
Finally, the general Surinamese attitude towards artisanal gold mining should change. The 
attitude is very negative (al gold mining should be erased), or the problems are neglected. But 
the need for change is so urgent, that the total community should have a more positive 
attitude, believe in the fact that the sector can become a sustainable contributor to the 
development of the country, and support the interventions that will be carried out.  
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Appendix 1 – slideshow hydraulic gold mining 
 

 

 
 
 

 

Hydraulic gold mining 

Building up the operation 
Observations Rosebel-area, July ‘07 

Transport of 
equipment to new 
site (sluice box) 

Putting the sluice 
box in place, the 
excavator has first 
prepared the 
underground 

Excavator is used to push the construction 
poles for the sluice box into the soil 

Six poles are placed. 
The sluice box will be 
lifted by ropes 

Mats and riffles are 
placed; they are used to 
catch the gold particles  



Artisanal gold mining in Suriname: Overcoming barriers to the development and adoption of sustainable technologies 

 

 88 

 
 
 
 

 
 
 
 

 
 
 

The excavator continues 
with the preparations. The 
top-soil is removed  

Fine-tuning of the 
sluice box  

Fuel-barrels are 
brought to the site, by 
pushing them through 
an old tailings-pond   

The slurry-pump is 
brought to the mine-pit 

The slurry pump in the 
pit is connected with the 
sluice box by the tubes   

Pit   

Sluice box    

A camp is build close to the sluice box. The workers 
sleep here in hammocks for security reasons 
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2 kg of mercury 
(150 US$), which 
will be thrown on 
the ore-pile when 
the operation starts    

Final preparations: 
Water hoses are put 
in place, slurry pump 
is fine-tuned      

Ore pile 

Water pump     

Sluice box     

Mercury is thrown 
by bare hands on 
the pile of ore       

Mercury 

Operation has started: 

Slurry is pumped 
to sluice box 

Ore 

Slurry is 
made 
under 
high 
pressure 

Remainders of 
trees and stones 
are removed 

Two weeks later… 
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Sluice box is 
opened, gold 
nuggets are 
removed 

Contents of the sluice box are washed, large stones 
are removed. Everybody is watching carefully 

A bit of mercury 
is added 

Riffles are being 
removed 

In the two levels 
of the sluice 

box, barriers are 
made with tree 
stems and clay 

Mats are 
removed and 
folded  

A part of a 
water hose is 

put in the 
large pipe 

Cleaning of the mats  
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Contents of 
one of the 
mats, mercury 
is added  

Everything is 
mixed by 
hand  
 
(mercury 
droplets are 
visible)  

Amalgam 
which remains 
after washing 

A hole is made 
in the clay; the 

concentrate 
with amalgam is 

collected in a 
pan, and then 

panned until the 
pure amalgam 

remains 

Amalgam is further cleaned in a nearby waste-water pond 
(which the miners also use to bath) 

The amalgam is burned in a hut that is also used for 
cooking… the miner is squeezing out mercury from 
another amount of amalgam with a piece of cloth 

During the burning, the 
amalgam is covered with 
some leafs “to catch the 
mercury”, which are just 
thrown away afterwards…  

And finally… the GOLD 
 
This is weighted 
immediately, divided 
among the workers and 
brought to the city  

nuggets  

Gold-dust, brought 
together through 
the amalgamation-
process THE END.  
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Appendix 2 – other technical solutions 
 
There are many technological recommendations that can be made, that have stayed outside of 
the scope of this thesis. To make a more complete overview of the possibilities of 
interventions, a number of them will be mentioned here.  
 
Inefficient sluice boxes 

The inefficiency of sluice boxes was proven in Villa Brazil, where men with metal detectors 
tried to find gold in the tailings behind the sluice box.  Not only a lot of gold, but also a large 
amount of mercury ends up in the tailings, as a result of whole ore amalgamation. Tailings 
can be lead over the sluice box (or a second, different type of sluice box) to capture gold 
particles that did not stay in the sluice box the first time. In addition, a second sluice can be 
used to re-concentrate, in order to reduce the mass of material to be amalgamated (Veiga et 

al., 2006, p 34-37). During another study, samples taken in the field indicate that in many 
cases high concentrations of gold were still present in the tailings. This is a fact which 
indicates the need for the introduction of more efficient sluice boxes. The investment will pay 
itself back (Gemerts et al., 1998, p.91).  
 
Panning 

Panning should take place in water boxes or pools excavated away from the watercourses, 
where the mercury from the tailings could be recycled. 
 
Rehabilitation 

After having mined in a certain area, it is important to equalize the surface, in order enhance 
recovery of the natural environment.  
 

 

 

 

 

A quick search on the internet delivers a large number of technical innovations on 
(sustainable) gold mining. Most of them are too complex, expensive or to low in capacity to 
meet the requirements of the miners in Suriname, but one more promising example will be 
given here: 
 

Heavy Particle Concentration Technology: Spiral concentrator 

 

This concentrator is developed in 1986 by Raymond Brosseuk. The key benefits of this 
technology include a high recovery rate of 95-97%, it is easy to set up and use, cost effective 
and reliable, it requires minimal operator skills and the process is environmentally friendly 
with no chemicals and minimal water use.  
The current model of the HPC-10 costs US$23,500, excluding electrical generator and water 
pump. Operating costs are minimal, mainly fuel for the generator and pump (e-mail 
correspondence with Greig Oppenheimer, www.extrac-tec.com, November 2007). The high 
purchase price will be the main barrier for adoption by the Surinamese artisanal miners.  
 
The next figures show how the equipment works:  
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Figure B.1: Process overview of the HPC Gravity Separation Technology (www.ie-tec.com, and e-mail 

correspondence with G. Oppenheimer of this company) 

 
 

A. Material is fed into the hopper 

B. Material is gravity fed and washed into the 
scrubbing and screening trommel where it is washed 
and classified 

C. Oversized material is discharged as tailings 
(nuggets retained in trommel nugget trap) 

D. Undersized material is fed onto the 
transverse spiral concentration belt which 
pre-concentrates material and eliminates 
sluice surging 

E. Heavy fraction is retained by 
concentration belt and fed to concentrate 
sluice 

F. Light fraction is removed by 
concentration belt and fed to tailings sluice 

G. Minimal volume of heavy concentrate 
removed for final cleaning step 
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The transverse spiral concentration belt:  

 
Figure B.2: The transverse spiral concentration belt (www.ie-tec.com) 

 

 
 
Figure B.3: HPC-10 (capacity 10 tonnes of ore/hour) 

 
Source: Innovative Environmental Technologies: www.ie-tec.com and www.extrac-tec.com 
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Appendix 3 – organizations involved in mercury and gold 
mining 
 
 

Communities and Small-Scale Mining (CASM) 

 Communities and Small-Scale Mining is a multi-donor technical assistance facility 
 aimed at poverty reduction by improving the environmental, social and economic 
 performance of artisanal and small-scale mining in developing countries.  
 

The principal tasks of CASM are to: 
• Provide a forum that will facilitate better coordination and networking between 

stakeholders; 
• Facilitate the availability of information on projects, contacts, publications and 

other activities on small scale and artisanal mining; 
• Distil, extract and disseminate good practice and lessons learned on a hands on 

basis from selected projects and develop tools and principles that can be replicated 
in other projects; 

• Act as a mechanism to facilitate matching projects and proposals with funding 
sources. 

http://casmsite.org 
 
Zero Mercury Working group 

The Zero Mercury Working group, www.zeromercury.org, is an international 
coalition of more than 40 public interest non-governmental organizations from around 
the world formed in 2006 by the European Environmental Bureau and the Mercury 
Policy Project/Ban Mercury Working Group. The aim of the group is to reach ‘zero’ 
emissions, demand and supply of mercury, from all sources that can be controlled, 
with the aim of eliminating mercury in the environment at EU level and globally.  

 
Cleangold 

 Invented a mercury-free mining method based on magnetism  
 www.cleangold.com 
 
Institute for Sustainable Mining (Artminers) 

The Institute for Sustainable Mining (artminers) is an international, non-governmental 
organization whose purpose is:  

• To use education and educational demonstrations to promote sustainable, 
clean mining methods to the world’s poorest miners to stop environmental and 
health risks caused by the misuse of toxins to extract minerals and other 
valuable materials from the earth. 

• To work cooperatively with other NGOs to promote sustainable mining, and to 
improve the working conditions of artisanal and small-scale miners, 
particularly in areas of child labor, education, gender equality and health. 

• To work cooperatively with NGOs to influence governments and citizens to 
reduce or eliminate the use of other products which are the result of 
environmentally toxic, socially unfair or repressive mining practices. 

 www.artminers.org 
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Global Mercury Project 

The Global Mercury Project, subsidised by GEF, UNDP and UNIDO, began in 2002 
with a vision to address the environmental issue of mercury contamination from 
artisanal and small-scale gold mining. The project initially focuses on six countries: 
Brazil, Lao PDR, Indonesia, Sudan, Tanzania and Zimbabwe. Foundational objectives 
of the project have been: to introduce cleaner technologies, train miners, develop 
regulatory capacities within national and regional governments, conduct 
environmental and health assessments and build capacity within participating 
countries to continue monitoring Hg pollution after the project finishes. 
www.globalmercuryproject.org 
More information about mercury: http://www.chem.unep.ch/mercury/default.htm  
 

Mercury Policy Project  
The Mercury Policy Project (MPP) works to promote policies to eliminate mercury 
uses, reduce the export and trafficking of mercury, and significantly reduce mercury 
exposures at the local, national, and international levels. We strive to work 
harmoniously with other groups and individuals who have similar goals and interests. 
www.mercurypolicy.org  

 
Association for Responsible Mining 

The Association for Responsible Mining, ARM, is an independent, global-scale effort, 
and pioneer initiative, created as an international and multi-institutional organization 
to bring credibility, transparency and legitimacy to the development of a framework 
for responsible artisanal and small scale mining. www.communitymining.org  
 

Green Gold Corporation 

The Green Gold Corporation contributes to the well-being of the communities of the 
Biogeographic regions of Choco, Columbia, through research and training processes, 
the promotion of alliances and productive systems and the sustainable use of natural 
resources. http://www.greengold-oroverde.org 
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