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Abstract 
This paper discusses the design of an activated carbon filter made in Kyebi, Ghana to               

remove mercury pollution caused by small-scale gold mining. The paper elaborates on the health              
and safety information regarding exposure to mercury while discussing the collaboration effort            
with the government and miners of the region. We studied alternative approaches to artisanal              
mining and interviewed miners to identify the health risks of the process. In collaboration with               
Kyebi Senior High Technical School, we created a prototype of the filter with a three layer                
design: bleach activated carbon heated with an LPG oven, a clay-sawdust filter made with a 1:1                
ration of clay and sawdust and a locally sourced woven cloth. The paper concludes with               
recommendations to expand the water filter project. 
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Executive Summary 
Artisanal Small-Scale Gold Mining (ASGM) in Ghana has created an environmental and            

human health crisis due to the use of elemental mercury (Christenson 2019). Ghana’s artisanal              
and small-scale mining (ASM) sector continues to grow in size and significance. Its contribution              
to wealth creation, employment, and the economy make it one of the nation’s most important               
livelihood activities, directly employing an estimated one million people and supporting           
approximately 4.5 million more (McQuilken 2016). The majority of miners in Ghana operate             
informally which has given rise to a to host many environmental problems such as the pollution                
and destruction of water bodies, degradation of arable farmland, as well as the negative health               
impacts of working in hazardous conditions (Hilson 2014). The use of mercury to extract gold               
has placed miners, their families, and the environment at great risk to an endocrine-disrupting              
chemical that has no viable way to be removed from the human body. The exposure to mercury                 
has increased rapidly as the attractiveness of mercury for gold extraction has been driven by               
foreign influence and demand. 

 
The Okyeman Environment Foundation is an organization founded by the current           

Okyenhene (King of Akyem Abuakwa, Isagyefuo Amoatia Ofori Panin) and is devoted to             
addressing environmental issues in Ghana. The Okyeman Environment Foundation has tasked           
our team with coming up with a solution to reduce exposure of mercury to miners as well as                  
reducing the environmental impact of mercury use during ASM activities. Along with the help of               
the local community, we ​designed an adsorption system that will remove the leftover mercury              
from mining sites, homes and rivers. The system will provide long-term protection by restoring              
the environment in and around mine sites. The design includes indigenous species of plants and               
local carbon sources to help reclaim current damage and mitigate future concerns. 

 
The prototype of our filter included three layers: a woven cloth layer, a clay-sawdust              

layer, and an activated carbon layer. The cloth layer was used to remove larger particles such as                 
sand and pebbles. The clay-sawdust layer was created to make water potable. Lastly, the              
activated carbon was meant to adsorb heavy metals, including mercury. A significant part of the               
time spent on creating the filter was finding the resources to create the various layers. Due to the                  
lack of a kiln, other methods of firing the clay-sawdust filter were experimented; making a pit                
fire, using a liquid petroleum gas (LPG) fueled oven and using a LPG fuel bunsen burner. We                 
had two methods of activating our charcoal: using a bio activator (lemon juice) and using a                
chemical activator (bleach). Different methods of cooking the charcoal were also tested. Once             
the layers were created, they were then tested in the lab space of Kibi Senior High Technical                 
School.  

 



 

During this time, we were able to engage and teach the students about our project. After                
building rapport with the students, some students expressed interest in working on the project              
next year when more students from Worcester Polytechnic Institute (WPI) arrive. Once testing             
was complete, we were able to either establish sources for material needed to create each layer of                 
the filter and/or determine the best way of creating that layer. The two months spent in Kyebi,                 
Ghana created connections to the locals that were pivotal in the development of the activated               
carbon filter. 

 
Based on our overall experience of engaging with the local community to co-design an              

activated carbon filter, we propose a few recommendations for the continuation of this project:              
finding different sources of carbon, using activated carbon to trap mercury vapor, mapping             
mercury sources, and deposits, collaborating with the already established clay-sawdust pot           
producers in the northern region of Ghana, and establishing infrastructure for the manufacturing             
of the activated carbon filters. Our project was only the first step to mining, drinking water, and                 
the environment safe for all involved. 

 

 

 

 

 

 

 
 
 
 
 
 

 



 

1.0 Introduction 
Artisanal Small-Scale Mining (ASM) is a sector that includes informal individual miners            

seeking to supplement their livelihood (Intergovernmental Forum 2019). ASM has experienced           
explosive growth in recent years as a result of the rising value of mineral prices and the                 
increasing difficulty of earning a living from agriculture and other rural activities (Fritz 2018).              
ASM is normally low capital intensive and used high labor-intensive technology (Chambers            
2019). An estimated 40.5 million people were directly engaged in ASM in 2017(Fritz 2018).              
ASM is known to play a crucial role in poverty alleviation and rural development, however, the                
sector is perhaps better known for its high environmental costs and poor health and safety record                
(Hentschel, 2002). Our study will particularly focus on ASM in Ghana. 

 
Artisanal Small-Scale Gold Mining (ASGM) in Ghana has created an environmental and            

human health crisis due to the use of elemental mercury. The gold mining sector in Ghana                
continues to grow and currently employs 1 million people where another 4.5 million people              
depend on the mining for sustenance (McQuilken 2016). Women make up less than 10% of the                
legal mining operations but over 50% of the illegal operations which increases the exposure to               
elemental mercury and leads to increased health risks. Children also work within the illegal              
sector but are unable to work within the legal sector (Kippenberg 2016). The current framework               
of laws is only strict rules, penalties, fees to be paid and regulations that are often ignored.                 
Small-scale miners are often displaced due to the higher interest in large operations forcing the               
ASGM miners further into the mining for mere subsistence. A Draft Mining Policy of 2010 was                
created to acknowledge the small scale gold mining sector and consider the operations as an               
equal contributor to the gold production (Esdaile 2018). By acknowledging the effect of             
small-scale operations, the government understands that the miners and government have a            
responsibility to reduce the effect together. 

 
The use of mercury to extract gold has been used for many years and is well-established                

as an effective method for gold extraction. The use of mercury is prevalent due to the cheap cost,                  
accessibility, and efficiency of the chemical. The drastic effects on the people and the              
environment have taken a great toll on the 5 million women and children that work directly in                 
ASGM operations (Esdaile, 2018). Inorganic mercury is lost to the environment during the             
ASGM process which contaminates the water. Mercury is an endocrine-disrupting chemical that            
binds to the central nervous system and causes brain and nerve damage (Hilson 2006). It poses a                 
great risk to fetal development and the potential for mental and physical disabilities. Despite the               
disastrous effects of mercury, ASGM employs 10-19 million people in over 70 countries (Esdaile              
2018). The operations that use mercury operated outside of the legal sphere and the value of gold                 

 



 

being so high on the black market are all factors that will most likely ensure the use of mercury                   
for a long time. 

 
The current Okyenhene (King of Akyem Abuakwa, Isagyefuo Amoatia Ofori Panin) has            

established The Okyeman Environment Foundation. It aims to address the following issues: 
 

1. Promote, cultivate, sponsor, develop, aid and, aid and advance the public interest            
in and appreciation of environmental and natural resource preservation and          
protection; 

2. Sponsor and assist organizations involved in environmental and natural resource          
preservation, education and planning; 

3. Sponsor and assist individuals in the study of the environment, ecology and the             
sustainable use of natural resources through scholarship; 

4. Sponsor lectures, symposia and workshops and publish/disseminate information        
about the environment and natural resources; 

5. Do other tasks necessary, desirable or useful to accomplish the Foundation's goals            
on its own or in concert with other organizations and individuals having similar             
purposes. 

The Okyeman Environment Foundation and the Ghanaian Environmental Protection Agency is           
tasked with simultaneously preventing illegal gold mining operations while remediating the           
devastating effects of mercury.  
 

Our team has been tasked with ​designing an adsorption system that will remove the              
leftover mercury from mining sites, homes and rivers. The system will provide long-term             
protection by restoring the environment in and around mine sites. The design includes             
indigenous species of plants and local carbon sources to help reclaim current damage and              
mitigate future concerns. The project will define one key experimental area to pilot the project               
that will become the proof of concept. The design will come with a workable plan that can be                  
implemented by the community with multi-year goals. We established a protocol to help enforce              
the integrity of the test area. We work with a local secondary school, Kibi Technical High                
School, as well as the local community to acquire resources and build/test the filter.  
 
 

 



 

2.0 Literature Review 

2.1 Global Impact of Artisanal Small Scale Mining  
ASM can play a crucial role in poverty alleviation and rural development (Hentschel,             

2002). Most people involved in ASM are poor and mining provided promising income. Despite              
this, the sector is also known for its negative environment, health and safety impacts. Many               
continue to view it as dirty, unprofitable and fundamentally unsustainable. Minerals mined in             
small-scale and artisanal mines include gold and diamonds, used for jewelry and investment, and              
tin, tungsten, tantalum, and cobalt consumed in industry, electronics, and batteries that power             
electric vehicles (Reuters, 2019). ASM is extremely prevalent in three regions: Asia, Latin             
America, and Africa (Fritz, 2018). Perceptions of ASM vary from country to country. 

2.1.1 ASM in Asia and Latin America. 
Approximately, 16.3 million people worked in small-scale mining in South Asia and 9.8             

million people in East Asia and the Pacific. (Hobson, P., 2019) The largest number of miners in                 
these regions are found in China, Pakistan, and the Philippines. Approximately, 2 million people              
work in the industry in Latin America and the Caribbean (Hobson, P., 2019). The largest number                
of ASM operators are found in Brazil and Colombia. ASM in Colombia plays a large part in the                  
nation’s total gold production by representing 72 percent. Occasionally, ASM is combined with             
the agricultural process and the use of hazardous Mercury in the mining can contribute to               
significant health and environmental issues. For instance, this is observed in a small-scale mining              
village in Cisitu, Indonesia. Mercury is used to extract gold from ore and contaminates the               
environment including their fish and rice paddy fields which is their main source of food.               
Medical examination and reports from this village show severe diseases related to high mercury              
exposure. This may have been caused by the consumption of mercury-contaminated water and             
food (​Bose-O’Reilly et al., 2016).  

 
ASM policies in Asia can differ drastically within a single country. In the Philippines, for               

instance, local and regional policies and practices can differ greatly between the 30 provinces              
where ASM occurs. National legislation regulates ASM but has limited and/or variable impacts             
on the ground, as there are livelihood alternatives for miners and many regions have their own                
legislation (O'Faircheallaigh and Corbett, 2016). ​In Latin America, the policies governing ASM            
vary from country to country, but also has strict regulations on informal operators and the use of                 
certain substances. However, these policies are not heavily implemented due to limited capacity.  

 



 

2.1.2 ASM in Africa 
ASM plays a significant role in the economies in at least 23 sub-Saharan African              

countries. ​The mining sector in Africa is growing rapidly and is the main recipient of foreign                
direct investment (​Chuhan-Pole, 2015). According to reports by Reuters, 9.9 million people            
worked in ASM in sub-Saharan Africa, with 2 million in the Democratic Republic of Congo and                
between 1 and 1.5 million each in Sudan, Ghana, and Tanzania (Fritz et al., 2018). The number                 
of people dependent on ASM activity in Africa was found to be between four to 12 times the                  
number of ASM operators and is increasing with time (Fritz et al., 2018). The number of total                 
ASM operators in Africa increased from approximately 2 million to 9.98 million from the period               
of 1999 to 2014 (Fritz et al., 2018). An increase in the number of involved countries is also                  
observed to increase from 24 countries to 40 countries during the same period of time of 1999 to                  
2014 (Fritz et al., 2018).  

 
ASM in sub-Saharan Africa is seen as a way to mitigate the problems caused by poverty.                

(Fritz et al., 2018). It requires intensive labor but provides more job opportunities as compared to                
large scale mining in Africa ​(Union, A., 2009). The sector can promote positive impacts such as                
offering direct and indirect job opportunities and also increase profit generated which increases             
purchasing power and improves economic activity at the local level (Benkenstein, 2012). This             
was officially recognized by African Mining Vision 2050 which stated “harnessing the potential             
of ASM to improve rural livelihoods, to stimulate entrepreneurship in a socially responsible             
manner, to promote local and integrated national development as well as regional cooperation.”             
Additionally, ASM contributes to foreign exchange earnings and reduces the migration from            
rural to urban regions. (Union, A., 2009) 

 
Despite the positive impacts, ASM has problems with sustainability. This results from the             

failure to recognize ASM in local and international development agendas due to the negative              
perceptions of ASM (Benkenstein, 2012). ASM commonly operates in remote, unregulated and            
environmentally sensitive areas. Most ASMs also operate with little to no mechanization or             
equipment, and techniques are rudimentary in nature (Union, A., 2009). In areas where             
mechanization and equipment exist, they are inefficient and hazardous to the miner and the              
environment. As a result, production is low and income remains at a subsistence level (Union,               
A., 2009). Some of the examples of the negative impacts of ASM are child labor and                
environment pollution (Benkenstein, 2012)  

 
Among the minerals mined by ASM in sub-Saharan Africa are diamond, gold, cobalt,             

sand, and colored gemstones. ​The processes of mining available precious minerals vary from             

 



 

country to country in Africa. ​For example, the main mineral mined by ASMs in Angola is                
diamond while the main mineral in Ghana is Gold ​ (​Fritz et al., 2018).  

2.2 Gold Mining Operations in Ghana 
Ghana is known for its long history of gold mining and its significant portion of the                

world’s total gold production. During its colonial period, Ghana was known as the Gold Coast               
Colony. (Chuhan-Pole, 2015) Currently, Ghana holds the top spot as Africa’s largest gold             
producer. ​(B.Stewart, 2019) 

2.2.1 History of Gold Mining Operations  
Ghana’s first gold rush happened in the last decade of the 18th century followed by its                

second gold rush after World War I ​(Chuhan-Pole, 2015). ​The total gold production of Ghana               
had decreased and remained low until the 1980s. However, Ghana’s annual gold production has              
skyrocketed by 700% in the past 20 years. The high international price of gold is believed to                 
have contributed to the expansion of small-scale mining ​(Chuhan-Pole, 2015). In 2014, Ghana             
was found to be one of the four countries to have an average of more than 1 million miners in                    
Africa ​(​Fritz et al., 2018). By 2016, Ghana had 1.1 million operators directly working in ASM                
and had 4.4 million estimated number of dependents ​(​Fritz et al., 2018). Among the main               
minerals mined in ASM in Ghana are Gold and Diamond ​(​Fritz et al., 2018). Ghanian ASM                
contributed to 9% of the world’s total gold production in 2000 and by 2010 it had risen to 23%                   
with more than a million miners engaging directly in ASM (Benkenstein, 2012). 

 
ASM in Ghana is administered by formal ASM policy and its ASM legislation that has an                

incentive-based approach. The policies are regulated to avoid child labor and support miners to              
get a fair trade for the minerals and the equipment they use, etc ​(​Fritz et al., 2018). In 2010, the                    
Ghanian government released a ’Draft National Mining Policy of Ghana’ to recognize economic             
benefits and employment opportunities created by ASM as well as tensions with large scale              
mining (O’Faircheallaigh et al., 2016). The policy encourages large scale mining companies to             
support small scale miners and form a symbiotic relationship benefiting both parties            
(Government of Ghana, 2014). However, this contradicts the usual approach by senior Ghanaian             
government officials who condemn and call for the eradication of the illegal ASM also              
commonly known as galamsay (Srem, 2014). While most of the Ghanian ASM is viewed as an                
illegal activity by the National Government, this is often not the situation with Galamsey miners               
being granted rights to mine under customary laws from the local perspective (O’Faircheallaigh             
et al., 2016). 
 

ASM is characterized by a significant migration of the workforce within countries and             
between neighboring or other countries and this makes it difficult to generate accurate estimates.              

 



 

(​Fritz et al., 2018). Over the past decade, an estimated 50,000 Chinese people had relocated to                
rural Ghana to pursue mostly illegal mining activities (Hilson et al, 2014). This has sparked the                
interests of the global public and the media’s attention. The government of Ghana has responded               
by assembling a National Task Force to pursue illegal mining and serve them justice. (Hilson et                
al, 2014). However, it can be argued that this is only a short term relief as the increasing number                   
of illegal involvement of Chinese people is the latest ‘symptom’ of ASM (Hilson et al, 2014). To                 
tackle the inflow of Chinese immigrants into the rural mining sector, it is essential to address the                 
root causes of the informality and bureaucracy (Hilson et al., 2014). 

2.2.2 Current Gold Mining Operations 
The process of mining constitutes exploration, development, exploitation, and         

transportation. ASM miners are usually not involved in the exploration part of the mining              
process (Emmanuel, 2011). This section of the mining process is predominated with large scale              
miners (LSM) who are financially capable and have larger means of getting around. Unlike              
ASM, LSM usually uses sophisticated mining machinery including but not limited to excavators,             
drilling machines, dozers, and dump trucks. At the end of the LSM process, the site is usually                 
disturbed and exhibits environmental issues. The environmental issues may include land           
degradation, water contamination, flora depletion, destruction of arable lands, and mercury           
contamination. These safety concerns have and may lead to some fatalities and injuries (Bansah              
et al., 2016).  

 
The Kibi district is a gold enriched region in the Eastern Region of Southern Ghana.               

(Srem, 2014) In Osino, Kibi district, there are three widely known large mining companies.              
These are:  

1. Kibi Goldfields Limited (KGL) (Ghanaian origin) is Located in Osino, Volta,           
Ghana. It obtained a recognizance license from the Minerals Commission in 1986            
and its environmental permits in 1994 and 2002 from Environmental Impact           
Statement (EIS) and Environmental Protection Agency (EPA) respectively        
(“Kibigoldfields,” n.d.). 

2. Xtra-Gold Resources Corporation (Canadian origin) is located in the Kibi Gold           
Belt region and owned concessions which are secured by 5 mining leases            
(Xtragold, n.d.). 

3. Narawa Mining Company LTD (Israeli origin) is located in Osino, Volta, Ghana            
(Otieku, 2020). 

 
The artisanal small scale miners (ASM) work on sites that were once owned and operated               

by the large scale mining. The left behind sites look like the one in Figure 1. 
 

 



 

 
 

Figure 1:​ ASGM Site in Osino, Ghana 
 
The process of ASM to recover gold from the mining site is as follows:  
 

1. Excavation of mineral-rich bedrock and unconsolidated materials using rudimentary tools          
such as picks, shovels, etc… 

2. Transfer of excavated materials into a crusher and grind up the soil material into finer               
particles. This crusher is also attached to a machine known as a chan fan. The chan fan                 
also serves as a motor to run the crusher. Finally, both machines are attached to a plate of                  
wood that receives the outflowing material.  

3. The chan fan and crusher are also attached to a water pump that pressurizes and pushes                
underground water into the fine particles coming out of the crusher. The goal of this step                
is to wash away any irrelevant dirt and material from the fine particles. Since gold is a                 
heavy metal, it will sink to the bottom of the plate of wood also known as a sluice board. 

4. The sluice board is covered with two consecutive mats that have the ability to trap the                
fine particles of gold. The second mat has finer strands that can trap any gold that has not                  
been trapped by the first mat. These mats are continuously washed into a rubber bowl of                
water to transfer the trapped gold. 

5. After every 8 hours of nonstop mining shifts, the rubber bowl is carefully drained while               
making sure that the gold has sedimented to the bottom.  

 



 

6. The ASM operators then use their hands and liquid mercury to create an amalgam by               
gently mixing and rubbing the rubber bowl content. They also use water to rinse out the                
amalgam to washout any unwanted contaminants. 

7. The ASM operators, next, use a handkerchief to squeeze out and remove any remaining              
mercury.  

8. The amalgam in the handkerchief is then heated with a blow torch to evaporate mercury.               
This will produce gold that is then sold to Precious Minerals Marketing Company             
(PMMC). PMMC is the sole organization responsible for buying and selling Ghana’s            
precious minerals (​PMMC, n.d) 

2.3 Socioeconomic Impact of Gold Mining 
ASM provides support to the livelihoods of over 1 million people in Ghana, especially              

for those living in poor rural areas. Men, women, and even children participate in the ASM                
sector. Mining contributes a large amount to GPD and to fiscal revenue. Despite its contribution               
to economic growth, ASM has negative impacts on the health of those involved, the education of                
children, the livelihoods of those in the agriculture sector and more. A large factor of this is due                  
to the use of harsh chemicals such as mercury that are detrimental to the health and safety of                  
people and the surrounding environment. 

2.3.1  Influence on Job Availability 
Most miners in the artisanal small-scale gold mining (ASGM) sector support not only             

himself but three to five other family members which is why the mining sector has become so                 
economically important to rural Ghanaians (Teschner, B. A. 2012). Small-scale miners in Ghana             
are unique to informal sector employment in that wage labor is absent, though workers are not                
paid poorly. Small-scale miners are largely attracted to the sector by the opportunity to earn               
relatively high wages (which is equivalent to $5-$10 per day)  (Teschner, B. A. 2012). 

  
Many youths frequently become involved in this type of mining. Globally, there are more              

than 1 million children working in ASM (O’Driscoll, 2017). Due to the illegal nature and               
practices of ASM, it is difficult to estimate how many children in Ghana are involved in this                 
sector. According to Thorsen (2012), poverty is the main reason why children of school-going              
age enter into mining work. In cases of extreme poverty, children’s contribution may be              
important for household food security, especially if alternative opportunities exist. According to            
the International Labour Organisation, mining falls under section D of Article 3 of the ILO’s               
Worst Forms of Child Labour Recommendations of 1999. The types of work referred under this               
article include:  

 
A. Work which exposes children to physical, psychological or sexual abuse; 

 



 

B. Work underground, underwater, at dangerous heights or in confined spaces; 
C. Work with dangerous machinery, equipment, and tools, or which involves the manual            

handling or transport of heavy loads; 
D. Work in an unhealthy environment which may, for example, expose children to            

hazardous substances, agents or processes, or to temperatures, noise levels, or vibrations            
damaging to their health; 

E. Work under particularly difficult conditions such as work for long hours or during the              
night or work where the child is unreasonably confined to the premises of the employer               
(ILO 2002) 
 
Young boys between the ages of 10-16 are often used to explore deep holes of about                

40-70 feet down, are used as errand boys, and for sieving gold dust (Gold Fields Ghana and                 
Opportunities Industrialization Centers International, 2005). There are both short term and long            
term health effects for all miners, but especially for children in this sector. Children in gold                
mining may be exposed to lead or mercury poisoning, as confirmed by Mwami (2002), that               
mercury contamination caused by the amalgamation of gold in gold mining is an environmental              
problem of increasing concern and the exposure to mercury could have adverse effects on              
children. These conditions predispose children to a variety of health risks such as lung-related              
diseases, fever and bilharzia, headaches, pneumonia, stomach aches, dysentery, and malaria           
(Mwami (2002). 

 
There is also a growing issue of female participation in the artisanal small-scale mining              

sector. Nearly 50% of those employed in small-small scale mining are women (​Yakovleva, N.              
2007)​. Female participation can either be direct (primary engagement in mining operations) or             
indirect (servicing mine sites). Direct roles include panning, sluicing, and separation of gold. As              
a result, women receive lower pay. There are sites where women are organized in groups of                
10-15 people and load trucks with gravel and sand (​Yakovleva, N. 2007)​. More hazardous              
activities, such as underground work and the burning of amalgam, are conducted by men              
(​Yakovleva, N. 2007)​. At some points, health authorities in the Birim North District reported and               
increasing number of respiratory diseases in children and linked it to the effects of mercury from                
gold mines (​Yakovleva, N. 2007)​. The main drive for increased female employment in galamsey              
mines is the need to bring income to households as well as the lack of employment opportunities.  

2.3.2 Economic features of small scale gold mining  
It is common for developing countries with high poverty rates to also have an abundance               

of mineral resources. This mineral wealth is usually extracted through large scale mines, which              
are high capital intensive and therefore provide few employment opportunities for locals            
(Guenther, 2018). Migrant miners continue to fuel the economically significant ASM sector            

 



 

through much of sub-Saharan Africa. Mining is a major industry in ghana. It contributes 8% to                
GDP and 16% to fiscal revenue (Guenther, 2018). Gold accounts for 97% of this revenue and                
makes up 23% of all exports (Guenther, 2018). Up until 2006, most of Ghana’s gold production                
originated from large-scale mining. ASM began to grow as a result of an influx of foreign                
capital, technology and labor, as well as the value of gold increasing (Guenther, 2018). ASM in                
Ghana has developed into a major industry and it accounts for more than one million jobs                
directly and over four million indirectly through downstream industries. It has been estimated             
that there is a higher per-capita income for areas with high ASM activity. In addition to this,                 
more households have access to electricity, more people are literate, and fewer individuals work              
in agriculture. (Guenther, 2018). 

 
The negative impacts of ASM have led to a decline in capital resources or investments in                

the agriculture sector. Ghana is endowed with valuable minerals such as gold. Due to the               
increasing price of gold, there has been an expansion of exploration and exploitation of gold into                
agricultural lands, which are sometimes forceful and destructive of farmlands and the livelihoods             
of some communities (ACET 2017). The ASM sector is comprised of individuals who are              
trapped in a cycle of poverty, lacking means to improve their standard of living (Hilson 2006).                
Miners are burdened with the costs associated with the deterioration of their health. In addition to                
this, these small scale miners are often forced to sell their gold at discounted prices to                
monopsonistic middlemen who quote below-market rates for gold (Fritz 2018). Miners face            
considerable challenges in their efforts to improve the mining process; they find themselves             
unable to mobilize the funds needed to purchase sophisticated equipment (Fritz 2018). One large              
factor fueling poverty within the ASM sector is the use of mercury to create an amalgam with                 
gold. Mercury is an environmental pollutant and is toxic to a wide range of animal species,                
including humans (Tchounwou 2012). Individuals working within, or downstream of ASM           
regions can become readily exposed to metallic mercury. 

2.3.3 Social features of small scale gold mining 

Public perception of ASM is largely driven by reports on social issues such as child labor,                
prostitution, drug abuse, corruption, and violence. As a result, ASM operations are often             
associated with and blamed to cause extreme poverty (Hilson 2006). Gold prices have witnessed              
a substantial increase over the past decade, rising from an average of USD 270 per ounce in 2001                  
to nearly USD 1800 per ounce in early 2012 (Nyame, 2014). As a result, many migrants have                 
joined the ASM sector in Ghana. Activities often begin small, but within a short period of time,                 
areas will become more populated. For example, in Kuii, which is in the northern region of                
Ghana “there was not even a single hut or house a few decades ago…[has] become so big that it                   
is now probably the largest illegal mining site in West Africa with people from Ghana, Burkina                
[Faso], and other countries operating at the place” (Nyame, 2014).  

 



 

 
Small scale surface mining is considered one of the greatest agents of land degradation              

and destruction, destroying about 13% of the total forested land in Ghana. A study revealed that                
surface mining resulted in about 58% deforestation and a substantial 45% loss of farmland within               
mining concessions in the western region of Ghana (Arah, I. K. 2015). The majority of the                
mining concessions are found in and around forests, agricultural lands, and human settlements             
resulting in competition for land and depriving farmers of access to farming land. In Ghana,               
many communities have been displaced totally as a result of mineral deposits found in those               
communities (Owusu, 2012). The relocation of communities leads to loss of social ties,             
psychological problems, and disturbance to the communities’ way of life. For example, 14             
communities with about 30,000 inhabitants were displaced between 1990 to 1998 as a result of               
mining activities in Tarkwa in the western region. There was increased pressure for             
accommodation and an increase in unemployed youth, and as a result, engaged themselves in              
illegal mining. Often times, these circumstances could generate other social issues such as drug              
trafficking, prostitution, and high high-school dropout rates (Owusu, 2012). 

2.4 The Effect of Mining on Human Health and the Environment 
ASGM is an illegal form of gold mining that involves the use of elemental mercury to                

extract gold from the ore through the process of amalgamation. The amalgamation process is              
ideally done in enclosed equipment with vapors being captured prior to the release into the               
environment. In ASGM, however, the precautions that should be taken are often overlooked and              
miners handle the mercury directly. The exposure to elemental mercury to the environment has              
put miners, miners’ families, the ecosystem and the river at high risk for mercury poisoning.  

2.4.1 The Use of Mercury  
ASGM in Ghana has created an environmental and human health crisis due to the use of                

elemental mercury. The use of mercury is prevalent due to the cheap cost, accessibility, and               
efficiency of the chemical within the mining industry (Rajaee 2015). The drastic effects on the               
people and the environment have taken a great toll on the 5 million women and children that                 
work directly in ASGM operations (Bush 2009). The evaporation of methylmercury when            
miners burn the amalgam of gold and mercury creates a dangerous environmental and human              
health problem. The elemental mercury that is used is not readily soluble in water but the                
methylmercury that recondenses does bioaccumulate in the environment. The methylmercury          
that is vaporized recondenses quickly and therefore can be hard to trace the level of               
contamination of a particular area. Winds can easily transport the methylmercury far from the              
mining site but also the surrounding streams can have droplets condense in the water. The               
contamination, therefore, spreads to surrounding communities and infiltrates the reservoir of           
water. The contamination can then bioaccumulate in fish which then biomagnifies the mercury             

 



 

when bigger fish ingest the smaller ones. The allowable level of mercury in drinking water is                
ideally zero. Therefore the mercury that is in the environment even at seemingly low levels is                
still high in comparison. The majority of the mercury burning is also done at the home site of the                   
miners. The current disposal method of mercury is simply burning off the mercury from the               
amalgam. There is currently no particular disposal method of the bottles that mercury comes in               
either so most are just thrown at the sides of the mining site. The mercury is treated with care in                    
the sense that the miners try to limit the amount that they use due to the high cost. The mercury,                    
however, is mostly burned off and disposed of into the air. 

 
Inorganic mercury is lost to the environment during the ASGM process which            

contaminates the water (Esdaile, 2018). Mercury is an endocrine-disrupting chemical that binds            
to the central nervous system and causes brain and nerve damage. The form of mercury found in                 
the water, methylmercury, poses a great risk to fetal development and the potential for mental               
and physical disabilities (Dzigbodi 2014). Mercury readily crosses the walls of the            
gastrointestinal tract through biological membranes, where it accumulates in the envelopes of            
nerve cells and can cause neurological damage. The proliferation of the mercury within the              
environment and the bioaccumulation within human organs have caused kidney failure due to             
mercury poisoning to be the highest cause of death in Ghana (Davor 2019). Signs of acute                
mercury poisoning include neuromuscular malfunctions such as loss of eyesight, tremors and            
paralysis, depression and other behavioral disturbances (Fernandes 2012). Individuals working          
within, or downstream of, ASM regions can become readily exposed to metallic mercury through              
the amalgamation process itself, during which it is mixed atop wet sluices containing             
gold-aggregated sediments, and through inhalation of vapor produced when amalgam is burned            
to purify gold (Hilson, 2006). The transferring of mercury from the mother to fetus can also                
affect multiple generations of the populations living next to the ASGM operations.  

 
Wildlife and plant life are greatly affected by mercury contamination due to the direct              

impact on biodiversity (Bonzongo 2004). ASGM operations are often located in diverse areas in              
the world such as the Amazon Rainforest and comparable places in Africa, Asia and other areas                
of South America. The people that live near these areas often depend on fish as the main                 
resource for food which exposes the population to mercury at a concentrated level as the mercury                
is stored in animal tissue (Junaidi 2019). Coastal Lagoons in Ghana serve as prime commercial               
fishing areas and the rise of mercury accumulation is compromising food security. In 2016, a               
study of 45 fish specimens from the top two consumed fish in Ghana found that 5% contained                 
mercury levels 2-4 folds higher than the allowable amount of mercury in fish (Gbogbo 2018).               
The cyanide-mercury water is often sent back into the environment where it contaminates the              
drinking water. The water is used to irrigate food, contaminating rice and food security. The               
health and ecological impact is drastic and destroys the productivity of many ASGM             
communities in areas outside of the mining (Esdaile, 2018). Elemental mercury can cross the              

 



 

blood-brain barrier and blood-placenta barrier creating neurological damage and hindering fetal           
development. Women of childbearing age in these communities have high levels of mercury in              
their bloodstream. Children born in these areas are born with brain damage, limb deformities and               
a variety of deformities (Colvin 2016). The exposure through direct interaction with the mercury              
and then the derivatives of mercury exposure within the drinking and food sources create a               
complex situation that requires multiple approaches for mitigation.  

2.4.2 Degradation of Land 
Mining has a significantly destructive impact on the environment. The destruction is            

analogous to the Superfund sites that have major chemical spills and environmental disasters.             
Ghana became the top producer of gold in Africa in 2019 surpassing long-standing South Africa               
with the production of 180 tonnes of gold (Njini 2019). Ghana also became the top country in the                  
world to be losing rainforests due to the clearing of land to mine for gold (Asiedu 2019). In a                   
statement from a 2016 report by the Forestry Commission, it was stated that a combination of                
logging to sell timber and forest removal for mining has resulted in 80% of Ghana's forest                
resources under state management to have been lost since 1989 (Status 2016). Galamsey is the               
local name for the ASGM operations and has been attributed to degrading 2.5 square kilometers               
(4.4%) of the Offin shelterbelt reserve in 5 years (Boadi 2016). At the beginning of the 20th                 
century the original reserve contained 8.2 million hectares but from mining and logging the total               
has decreased to only an estimated 1.6 million hectares (Boadi 2016). Loss of vegetation and               
shrub variety has resulted in lesser tree densities that are contributing to desertification as trees               
are disappearing at an expedited rate (Tom-Dery 2012). The tripartite approach of addressing             
deforestation requires management, development, and the environment to create a complex           
problem that requires all three to work harmoniously (Tindan 2013). The Ghanaian            
Environmental Protection Agency has now been tasked with simultaneously preventing illegal           
gold mining operations while remediating the devastating effects of mercury​ ​(Christenson 2019). 

2.4.3 Water and Air Pollution 
The mercury that is used within the ASGM operations is not often recovered and leaves               

tailings that end up downstream from the sites and can contaminate areas far from the mines.                
Many rivers have been diverted for the mining process and have turned crystal clear drinking               
water into contaminated opaque brown water (Kusi-Ampofo 2012). It is estimated that 650-1000             
tonnes of mercury are deliberately released each year into the environment and ASGM is the               
main culprit (UNEP, 2008). The chemicals used throughout the process seep into the soil and               
through the water cycle is then evaporated into clouds and affect places far from the site of                 
conception (Emmanuel 2013). The contaminated rivers provide water to the surrounding villages            
in Ghana despite their use within the galamsey sector. Due to this water not being safe some                 
have turned to buy sachet or bottled water. The increase in people using sachet water has                

 



 

changed the drinking water landscape and rapidly increased plastic pollution (Stoler 2012). The             
cost of buying bottled water is a recent phenomenon as well and has caused part of the tight                  
income to be allocated to bottled water (Wardrop 2017). The current involvement within the              
mining sector to disband the mercury pollution has up until this point been purely technical               
which completely avoids the socio-political reality of the mining industry. The evaporation of             
mercury and other chemicals used in mining provides another pathway, air, for pollution to              
spread and disease to be rampant (Armah 2013). In a study done in 2016, with 1,001 miners,                 
47.55% were found to have asthma as a result of working within the mining industry (Ayaaba                
2017). The task of miners' health being traded to provide for their families has created a delicate                 
problem. An appropriate approach to addressing mercury pollution would need to include a             
design that involves the community affected to create a solution. In order to create a successful                
solution, a co-design approach that involves the local community, the miners and the             
environmental foundation is the next course of action needed to address the mercury pollution              
effectively.  

2.5 Co-design Approach to Reduce Impact of Mercury Pollution  
The approach to creating a sustainable filter design that is used within the community              

needs to involve the community within the research design. The co-design approach defines the              
issues and creates the context of the problem by involving the locals affected by the problem                
throughout the whole process. Through this design method, the problem and solution are created              
with the community so that the filter can be known about and used when the facilitators leave to                  
go back. 

2.5.1 The Implementation of Co-design  
The mercury pollution in Ghana involves intervention from the aspect of the government,             

the miners, and the local community. The key role that our team played within this intricate                
situation is to provide possible solutions using local resources while simultaneously working            
with each stakeholder. The basis of human-centered design, and in particular with this project,              
begins with the definition of the sociological problem that is presented within Kyebi, Ghana              
(Smith 2010). A sociological problem is often started from an idea or more often from a personal                 
experience that was indicated by seeing or hearing of a situation that needed to be addressed,                
hence the problem of the mercury pollution from the mining operations. The elusiveness of the               
social world regarding mining as it is an illegal practice creates difficulties due to the               
dependence on the perception of a problem from each stakeholder (Sanders 2008). In order to               
remedy such difficulties, the inclusion of each perspective to scale the depth of the complex               
problem is essential in order to prevent the mistakes of failed development projects.  

 

 



 

The importance of a co-design approach comes from an overview of past development             
projects that have created more harm than successful solutions. The reason many development             
projects have failed in Africa is due to the distorted narrative created to interpret the situation                
(Aronson 2017), The oversimplification of entire communities such as in, The End of Poverty              
by Jeffrey Sachs, where he attempts to lift poverty through targeted assistance in his Millenium               
Villages Project, more problems were created than solutions (Munk 2014). The Millennium            
Villages were spread across 10 countries in Africa that were stocked with malaria nets and               
pesticides to remake the African village (Sachs 2005). The project was documented by Munk in               
her 6-year journey to explore the Millenium Village and she wrote a cautionary tale about the                
damage that was done when aid was dropped onto the villages which then destroyed the local                
infrastructure (Munk 2014). Unfortunately, the Millenium Village is only one of many failed             
attempts to comprehend the complexity of development. The approach of co-design to create an              
understanding of the situation as well as guiding the solution attempts to address the problems               
presented in previous approaches. 

 
The fieldwork is of great importance as one is to be guided by experience and an essential                 

aspect that has often been missing in other approaches (Sanders 2008). Within the field,              
however, the ethnographer is not free of theory or previous thought as meaning is interpreted               
from the experience, the narrative of the field, the theory and the perspectives of the locals as                 
well as those exploring the field for the first time (Anzul 2003). Co-design involves the blending                
of two frames of thinking where each side is equally as valuable in the end result (Sanders 2008).                  
The importance of a diverse approach adds inherent value to the sustainability of the project as                
the project is braided into the framework that is valued to the villagers. Ownership of the work is                  
therefore multi-faceted as it includes the time and effort of everyone who is affected by the                
project (Daynes 2018). This approach fundamentally changes the projects upon arrival which            
then allows for consistent involvement and ownership from the locals who will continue the              
project once we have left.  

2.5.2 Activated Carbon 
Activated carbon is a porous carbon material that has been treated with a combination of               

heat and pressure followed by carbonation to make a highly porous and large functional surface               
area (Dalefield, 2017). Activated carbon uses adsorption which is a surface process that leads to               
the transfer of a molecule from fluid bulk to a solid surface to absorb heavy metals. Physical                 
adsorption is a common way by which activated carbon is used to remove contaminants from               
liquid and vapor streams (Ekpete, 2017). Activated carbon can be made from a variety of               
sources that are cellulosic based. The carbon-based material can be converted to activated carbon              
through physical modification and thermal decomposition in a furnace under a controlled            

 



 

atmosphere and temperature. It has a large surface area to a unit volume and a network of                 
submicroscopic pores where adsorption takes place (Hina, 2018).  

 
There are two types of basic methods of making activated carbon-steam activation and             

chemical activation. Steam-activated charcoal is produced in a furnace at a high temperature of              
1700 to 1800F with steam in the absence of oxygen. However, this method is limited to                
industrial technology because of its high temperature required for steam activation. Therefore,            
we resorted to making chemically activated charcoal. Chemical-Activated charcoal uses a           
chemical solution to activate the carbon and ultimately produce the same end result as the steam                
activation with lower activation energy and temperature. Typically, wood-based activated          
charcoal is activated at 842 F to 1652 F (450-900 C) with various chemicals such as lemon juice                  
or bleach. In the chemical activation charcoal production process, the wood is first pyrolyzed and               
then the char is saturated with the chemical acid, followed by a controlled reheating to enhance                
the chemical erosion of the carbon atoms. Different methods suggest the use of various              
chemicals to the activation of carbon. Among these suggested chemicals are battery acid             
(sulphuric acid), hydrochloric acid, nitric acid, potassium or sodium hydroxide, etc. However,            
this can be dangerous to use in the backyard scale and additionally these materials are difficult to                 
find in the rural areas.  

2.5.3 Clay-Sawdust Filter 
In 1981, Dr. Fernand Mazaeiegod, a researcher at the Central America Industrial            

Research Institute (ICAITI), in Guatemala, developed a low-cost clay pot water filter (CPWF).             
The goal was to make contaminated water potable for the poor living in underdeveloped              
countries (Varkey 2012). Currently, there are many countries worldwide that advocate the use of              
CPWF’s in rural communities and many other studies have been done on various forms of this                
filter. Our team has decided to implement a version of the clay-sawdust filter into our design.                
The purpose of adding this concept to our design was to make any water going through the filter                  
potentially potable. The conventional water treatment plants being adopted in high-income           
countries are neither cost-effective nor technically adaptable to low-income countries such as            
Ghana (Osumanu 2010). Various point-of-use water treatment methods, which include ceramic           
filtration, have been reported to improve the quality of drinking water as well as decrease the                
incidence of endemic diarrhea caused by waterborne pathogens (Clasen 2015). Having such an             
addition to our filter would allow us to tackle the issue of mercury contamination in two areas: as                  
the source as well as the end. Some versions of the pot call for rice husk, diatomite, etc, though                   
as this is just a preliminary prototype, we have decided to just use those materials. The                
drawbacks have also been identified as lower effectiveness against removal of viruses; lack of              
residual protection that can lead to recontamination of treated water is stored unsafely;             
variability in quality control of locally produced filters; filter breakage over time, and need for               

 



 

spare parts; the need to regularly keep the filter and receptacle clean, especially when using               
turbid waters; and, a low flow rate.  

2.6 Summary 
ASM plays a crucial role in poverty alleviation and rural development (Hentschel, 2002).             

Most people involved in ASM are poor and mining provided promising income. Despite this, the               
sector is also known for its negative environment, health and safety impacts. Many continue to               
view it as dirty, unprofitable and fundamentally unsustainable. ASM is extremely prevalent in             
three regions: Asia, Latin America, and Africa (Fritz, 2018). ASM plays a significant role in the                
economies in at least 23 sub-Saharan African countries. The mining sector in Africa is growing               
rapidly and is the main recipient of foreign direct investment (Chuhan-Pole, 2015). Ghana is              
known for its long history of gold mining and its significant portion of the world’s total gold                 
production (Chuhan-Pole, 2015). ASM provides support to the livelihoods of over 1 million             
people in Ghana, especially for those living in poor rural areas. Men, women, and even children                
participate in the ASM sector. Mining contributes a large amount to GPD and to fiscal revenue.                
Despite its contribution to economic growth, ASM has negative impacts on the health of those               
involved, the education of children, the livelihoods of those in the agriculture sector and more.               
The environmental issues may include land degradation, water contamination, flora depletion,           
destruction of arable lands, and mercury contamination. These safety concerns have and may             
lead to some fatalities and injuries (Bansah et al., 2016). The amalgamation process is ideally               
done in enclosed equipment with vapors being captured prior to the release into the environment.               
In ASGM, however, the precautions that should be taken are often overlooked and miners handle               
the mercury directly. The exposure to elemental mercury to the environment has put miners,              
miners’ families, the ecosystem and the river at high risk for mercury poisoning. 

3.0 Methodology 

3.1 Production of Activated Carbon 
Since charcoal is a commonly utilized source of energy in Ghana, for our project, we               

purchased a bag of charcoal from a local charcoal store. We took the charcoal and laid them on a                   
wood surface and gently pound it with stone until they were small as rock pebbles. Next, we took                  
a flat wood to grind the charcoal up to a very fine powder which was next sieved into a bucket.                    
The process was repeated as necessary to produce the fine powder of charcoal. This process               
could take from a few minutes to a couple of hours depending on the method used for crushing                  
the charcoal and the amount of charcoal crushed. For the scope of this project, we focused on                 
producing a locally sourced powdered activated carbon. 

 



 

 
Our chemicals of choice are lemon juice and bleach. We used lemon juice and bleach               

separately to create two batches of chemically-activated carbon. These chemicals are commonly            
available for the rural general public in Kyebi, Ghana. Next, we heated the two batches of                
powdered carbon to activate the carbon. We did this through three means namely an LPG               
(Liquefied Petroleum Gas) bunsen burner, LPG (Liquefied Petroleum Gas) oven, and Pit fire.             
LPG has a flame temperature near 1970 C when burned in air. However, the bunsen burner has a                  
smaller flame and the pot used loses more heat as compared to the LPG stove. The LPG stove                  
has a semi-insulated body that preserves the heat. The pit fire’s temperature ranges at              
approximately 1100 C. The high temperature and the chemical added (in this case the bleach and                
lemon juice) erodes the powdered charcoal’s internal surface. This will increase the adsorption             
capacity by increasing the surface area to volume ratio.  

 
In this project, we explored the adsorption capacity of the various powdered activated             

carbon created using local resources in Kyebi, Ghana. We compared the bleach activated carbon,              
lemon activated carbon and the control unactivated carbon. We also researched the influence of              
the source of heat (LPG oven, LPG bunsen burner or pit fire) on the level of activation on the                   
powdered carbon. 

3.1.1 Carbon Analysis  
The physical and chemical analysis of the activated carbon was analyzed with various 

methods as shown below. The physical properties are weight and bulk density. The chemical 
properties are pH and iodine value.  

3.1.1.1 Iodine number (IN)  

Iodine number is the amount of iodine absorbed (in milligrams) by 1g of carbon. It               
determines the relative activation level of carbon by adsorption of iodine from aqueous solution.  

3.1.1.2. Preliminary Visual Iodine Test 

The experiment consists of adding equal mass of activated carbon to test tubes and added               
2M HCl. The test tubes were heated for approximately 30 seconds. Next, 25 mL of 4 g/ml Iodine                  
solution (with alcohol) is added to the test tube. This was left to settle for approximately 24                 
hours. The sample was visually analyzed to understand the adsorption capabilities of the             
activated carbons. In some samples, 10mL of the test tube samples were titrated with 0.01M               
sodium thiosulfate to calculate the amount of iodine adsorbed by the activated carbon. The              
powdered and unactivated carbon was used as a control in this experiment.  

 



 

3.1.1.3. Altered ASTM D4607-94  

In this method, the iodine number is determined using an altered version of the ASTM               
D4607-94 method. The experiment consists of treating the activated carbon sample with 10 mL              
of 5% HCl. Next, the sample is boiled for 30 seconds and cooled to room temperature. Thirdly,                 
100 mL of 0.1 N (0.1 mol L​-1​) iodine solution is added to the mixture and stirred for 30 seconds.                    
The resulting mixture is then filtered and 10 ml of the filtrate is titrated with 0.1 N (0.1 mol L​-1​)                    
solution of sodium thiosulfate using a starch indicator. The iodine amount adsorbed per gram of               
carbon (X/M). 
 

   (1)/M (N 126.93 V ) (V + V )/V ] N 126.93) }/MX = { I *  *  I − [ I  HCl F * ( Na S O2 2 3 *  * V Na S O2 2 3 c  
 
where is the iodine solution normality, is the volume of the iodine solution added, N I      V I         V HCl
is the volume of the 5% HCl added, is the volume of the filtrate added and used in the        V F            
titration, is the normality of the sodium thiosulfate solution used, is the N Na S Ow 2 3

         V Na S Ow 2 3
  

volume of the 0.1 N sodium thiosulfate solution and is the mass of the activated carbon         M C        
used.  

3.1.1.4 Weight and Bulk Test 

A 50 ml measuring cylinder was first zeroed on the weighing balance. The lump-free              
activated carbon was poured into the cylinder to the 50 ml mark. The measuring cylinder was                
gently tapped to ensure no void was created. The weight was measured and recorded. The bulk                
density was calculated using equation 2.  
 

                                                 (2)ulk Density B =  Mass (g) of  carbon 
V olume (ml) of  Carbon  

3.2 Filter Creation and Local Community Involvement  
The ideal implementation method for the filter is within the community through the             

locals who take ownership of the creation of filters. The process to create the filters needs to be                  
tested through different firing methods for both parts as well as various ratios for the               
clay-sawdust. The process needs to be simplified and then replicated. The major part of the               
current project is primarily the testing phase whereas the next groups may focus on further               
implementation within the community.  

3.2.1 Production of Clay-Sawdust Filter  
The materials used include clay, sawdust, and water. The fractions of sawdust used in              

preparing the pots were 50%, 60% and 80% by volume. The dry clay and sawdust were mixed                 

 



 

together, then water was added in incremental volumes until the clay was easily moldable. The               
clay was then molded into a bowl-like-shape and placed outside to dry in the sun for at least 24                   
hours. Once the pot was dry, the pots were then ready to be fired. A challenge arose once it came                    
to firing the pots. We had no access to a kiln in Kyebi, nor in any nearby area. As a result,                     
different methods of firing techniques were approached. We tried firing the pots with a bunsen               
burner found in the chemistry lab of Kibi High Technical Secondary School. For this method, the                
pots were placed in an aluminum pan and this plan was placed on a stand with the bunsen burner                   
directly beneath. The pots were fired for approximately 4 hours. The second method we tried               
was to create a pit fire. For this method, we created a pit fire. We then heated up some charcoal                    
on a charcoal grate until the charcoal became red hot. As the charcoals were burning, we set up                  
the placement for our clay pot. We purchase a ceramic pot from a local market. This pot was                  
filled with about 2 inches of sawdust. Our clay piece was placed on this layer of sawdust, then                  
covered with another layer of sawdust. Once the charcoal was red hot, the charcoal was placed                
on top of the second layer of sawdust and allowed to burn entirely as well as cool down. This                   
process took at least 4 hours. Once the system was cool down, the clay piece was removed from                  
the system. The final method of firing our clay pieces was to place our clay pieces in an oven                   
fueled by liquid petroleum gas. The clay was left in the oven for 4-6 hours. 

 
Once the clay pieces were fired and cooled, they were allowed to be submerged in water                

to visually see if the clay would dissolve in water. This was a preliminary test that would tell us                   
if the clay was fired properly. Clay becomes pottery at temperatures at about 540 C. The heat                 
converts clay molecules to molecules that are insoluble in water (Riccardi 1999). Very slight              
pressure was added to the filters to see if any immediate cracks would appear. If they did not                  
break, a qualitative test was done on the filters to determine if water was able to pass through the                   
filter as well as detecting if the filter was able to remove sediment from the water that was being                   
filtered. This was done by mixing some sand found outside with water. The filter was placed                
over a beaker and the sand-water mixture was poured over the filter. The beaker under would be                 
used to catch the filtered water. 

3.2.2 Using Local Resources 
The local technical secondary high school provided the location for experiments. The            

goal of the filter was it needed to be made with local materials therefore everything was bought                 
in the town we worked in. The use of any materials from the United States was counterintuitive                 
and therefore only gloves and mercury testing strips were brought. The reason for these two               
items to be brought was that testing for mercury is not a prominent practice and the gloves were                  
required to handle the tests. All the other sources whether they be chemicals or a pan were                 
bought within the town and within walking distance. The replicability of this filter was one of the                 
most important parts and the materials reflected the requirement. The school has chemistry and              

 



 

sculpture classes that provided materials that could at least be replicated at the school. The               
testing of the activated carbon was conducted in order to understand the adsorption capacity. The               
chemicals were found in a chemistry lab since they are fairly commonly used in laboratories. The                
clay-sawdust pot needed a kiln in order to fire but there were issues with using a kiln as a firing                    
method. 

3.2.3 Local High School Engagement 
Kibi Senior High Technical School provided us with lab space to produce and conduct all               

of our tests for the filter. While working, there were often students in the lab space studying.                 
Since they had free time, we had the opportunity to explain to the students exactly what we were                  
doing. The students became very intrigued throughout the process so much of our time spent               
with them involved letting them conduct experiments, explaining to them how our filter works,              
and even bounce back ideas with them on how to scale up our project. Many of the students                  
communicated to us how they would like to work with the WPI students that come next year.                 
The students also expressed their concerns about their drinking water. They were passionate             
about making their drinking water safe in general. After completing our prototype, we had many               
of the resources that we acquired, leftovers. Some of the students stated how they were willing to                 
take the materials home so that they could try making filters as well. Therefore, we were also                 
able to acquire more of the chemicals we used to give to them for their convenience.  

4.0 Results and Discussion 

4.1 Limitations to Testing for Mercury 
The ability to test for the levels of Mercury that are present in the water requires sensitive                 

equipment to test low concentrations of mercury. The equipment that we had access to were               
strips that were able to detect much higher amounts and not in between levels which we suspect                 
where the concentration levels would have fallen. This posed issues for testing as detecting              
levels of the mercury with test strips resulted in the strips detecting zero although the color was                 
slightly pink which indicates a presence of mercury.  

4.2 Tests for Level of Activation 
The activated carbon can be made through various bio starters that in turn provide various               

levels of activation. In order to provide the community with the best filter design, the carbon                
activation needs to be tested. The testing indicates how much can be absorbed through how many                
pores are able to be created within the carbon. The following section looks into the testing                
methods of bulk density, pH and iodine. 

 



 

4.2.1 Analysis of the Bulk Density of Activated Carbon 
The bulk density of activated carbon samples are listed below in Table 1. The batches               

include Unactivated Carbon (UC), Bunsen-burner Bleach Activated Carbon (BBAC),         
Bunsen-burner Lemon Activated Carbon (BLAC), LPG-stove Lemon Activated Carbon (LLAC),          
and LPG-stove Bleach Activated Carbon (LBAC). 

 
Table 1: Bulk Density of Activated Carbon  
___________________________________________________________________ 
Samples                                 Density (g/cm​3​) Activation Conditions 
___________________________________________________________________ 
(B​1​BAC) 0.69 4 hours 
(B​2​BAC) 0.53 2 hours 
(B​1​LAC) 0.51 4 hours  
(B​2​LAC) 0.54 2 hours 
(LBAC) 0.56 2 hours 
(LLAC) 0.53 2 hours  
(UC) 0.51     _ 
___________________________________________________________________ 
 
In Table 1, it was observed that all the activated carbon samples in the exception of                

Bunsen-burner Lemon Activated Carbon (B​1​LAC) were activated and this was reflected in their             
densities. We observed an increase in density in the activated carbon samples which implies that               
it has an enhanced adsorption capability. However, the Bunsen-burner Lemon Activated Carbon            
(B​1​LAC) was observed to have the same value of density when compared to the Unactivated               
Carbon (UC), which indicated little to no activation. We believe that this was as a result of an                  
insufficient amount of lemon juice utilized in the process of batch production. We were able to                
improve this and result in a better production by increasing the lemon juice during the saturation                
phase of the second batch of Bunsen-burner Lemon Activated Carbon (B​2​LAC). The density of              
B​1​LAC, 0.51 g/cm3, increased to 0.54 g/m3 in the B​2​LAC batch production despite the latter               
being activated by heat for 2 hours less than the former.  

 
It also was observed that the highest bulk density was obtained by the first batch of the                  

Bunsen-burner Bleach Activated Carbon (B​1​BAC) which was heated to activation for           
approximately 4 hours followed by LPG-stove Bleach Activated Carbon (LBAC) heated for 2             
hours. The second batch of Bunsen-burner Lemon Activated Carbon (B​2​LAC) had the            
third-highest bulk density. This implies that the bleach activated carbons will filter better than              
those from lemon activated carbons.  

 



 

 
The LPG-stove batches were also noticed to have slightly higher bulk densities in the              

bleach activated carbons. The LPG-stove Bleach Activated Carbon (LBAC) gave better densities            
than the second batch of Bunsen-burner Bleach Activated Carbon (B​2​BAC) counterpart that was             
heat-activated for the same amount of time. However, this wasn’t the case with lemon activated               
carbon batches. This may be attributed to the natural formation of lumps in the lemon juice                
activated carbon which affects the measurement of bulk density.  
 

The effect of time of heat activation on the adsorption capacity of bleach activated carbon               
was found to be positive. An increase in the length of time spent for heat activation showed a                  
huge increase in the bleach activated carbon. We weren’t able to compare the effect of time in                 
the lemon activated bleaches due to the batch being not activated as a result of insufficient lemon                 
juice used during production. We observed that the 4-hour heat-activated bleach carbon            
(B​1​BAC) had a higher density of 0.69 g/cm3 as compared to a 2-hour heat activated carbon                
which gave a bulk density of 0.56 g/cm3 and 0.53 g/cm3 in LBAC and B​1​BAC respectively. 

4.2.2  Analysis of Iodine Test for Activated Carbons 
In this test, we started our experiment with a burgundy-colored solution in our test tubes               

which was attributed to the 4mg/ ml iodine solution (with alcohol) in them. As time progresses,                
the burgundy color will start to fade away which indicates the adsorption of iodine solution by                
the carbon. During our preliminary visual iodine test analysis, we noticed that the unactivated              
carbon would start clearing up faster than the activated carbons. Soon, the pace would be               
reversed and the activated carbons would clear up faster. Unlike activated carbons, unactivated             
carbon was noticed to float on the top of the test tubes. 

 



 

 
Figure 2​: Images of test tubes containing UC on the left and B​1​BAC on the right on Day 5 

 
For our first test, we set up an experiment with the unactivated carbon with the first                 

batch of the Bunsen-burner Bleach Activated Carbon (B​1​BAC). These samples were left for 5              
days and both samples were noticed to be completely clear indicating the complete adsorption of               
the iodine solution. This was also proved by titrating the samples with 0.5 M, 0.1M, and 0.01M                 
sodium thiosulfate. We suspected that the unactivated carbon didn’t have the same adsorption             
capabilities as the first batch of the Bunsen-burner Bleach Activated Carbon (B​1​BAC). On day 5,               
the unactivated carbon sample had a visible growth in it while the first batch of the                
Bunsen-burner Bleach Activated Carbon (B​1​BAC) was found to be remaining clear without any             
growth as shown in figure 1. This indicated that the first batch of the Bunsen-burner Bleach                
Activated Carbon (B​1​BAC) was purified resulting in clean water without visible growth while             
the unactivated filter had growth. This was later supported by both the bulk density test presented                
above and the altered ASTM method shown below. We believe the false results in the               
unactivated carbon were as a result of the ashy nature of the powdered un-activated carbon used                
in this experiment. Since ash is alkaline in nature, we suspect that it was reacting with the iodine                  
instead of iodine being adsorbed. In the following experiments, we bypassed this issue by              
increasing the volume of HCl added from 2mL to 4mL to ensure the complete reaction of the ash                  
and neutralize the samples. The next experiments indicated a tint reddish yellow on the              
un-activated carbons indicating residual iodine.  

 

 



 

In all the experiments involving the 1g of the first batch of Bunsen-burner Lemon              
Activated Carbon (B​1​LAC), we noticed that it was still heavily burgundy colored after the 24               
hours period. This indicated it had a low adsorption capacity. This was further verified by the                
other tests conducted. We also conducted a 2g of the first batch of Bunsen-burner Lemon               
Activated Carbon (B​1​LAC) and we noticed the sample to have a lighter color of Iodine               
indicating a higher amount of iodine adsorbed. In the second batches of the Bunsen-burner              
Lemon Activated Carbon (B​2​LAC) and LPG-stove Lemon Activated Carbon (LLAC) used in            
this test, we observed the samples to have a yellow tint in the samples after the iodine cleared up.                   
We suspected and verified that it was as a result of the lemon juice remaining after its activation.  

 
In order to avoid the qualitative analysis of the preliminary iodine test, we resorted to an                

altered American Standard Testing Method. This method produced quantitative data to analyze            
the adsorption capabilities of the activated carbon. We were able to compare the iodine adsorbed               
per gram of carbon (mg/g) to the other tests we have conducted.  

 
Figure 3: ​Adsorption Capacity of Various Activated Carbon Batches 

 
In the figure above, we can notice that the first batch of the Bunsen-burner Bleach               

Activated Carbon (B​1​BAC) and LPG-stove Lemon Activated Carbon (LLAC) )were found to            
have the highest adsorption of iodine at 640.6 mg iodine/g carbon. While we expected the results                
from the first batch of the Bunsen-burner Bleach Activated Carbon (B​1​BAC), the ASTM             
D4607-94 results of the LPG-stove Lemon Activated Carbon (LLAC) was not supported by the              
bulk density and preliminary iodine tests. Secondly, the LPG-stove Bleach Activated Carbon            

 



 

(LBAC) has the second-highest adsorption capacity at a close 631.6 mg iodine/g carbon. The              
first batch of the Bunsen-burner Lemon Activated Carbon (BLAC) and the un-activated carbon             
(UC) were found to have the lowest adsorption capacity. This was corroborated by the other tests                
as well.  

 
Table 2: Comparison of Adsorption Capacity of Activated Carbons by Rank 
_____________________________________________________________________________ 
Samples Bulk Density       Rank          Iodine absorbed per        Rank  
    (g/ml)     (by Density)         gram carbon (mg/g)      (by Iodine adsorbed 

per gram carbon) 
_____________________________________________________________________________ 
(B​1​BAC) 0.69 1   640.9 1 
(B​2​BAC) 0.53 4   543.9 3 
(B​1​LAC) 0.51 5   410.6 5 
(B​2​LAC) 0.54 3   524.6 4 
(LBAC) 0.56 2   631.6 2 
(LLAC) 0.53 4   640.9 1 
(UC) 0.51 5   329.1 6 
_____________________________________________________________________________ 
 

Overall, with the exception of the ASTM D4607-94 results of the LPG-stove Lemon             
Activated Carbon (LLAC), all the data collected from the density and preliminary iodine test              
supported and verified each other as shown in table 2.  

4.2.4 Activated Carbon Filter Creation 
After our production of the clay-sawdust filter and various batches of the activated             

carbon, we were able to produce a triple-layer water filter. We used a locally sourced small                
bucket to contain the different layers which included a clay-sawdust filter, activated carbon and              
cloth from bottom to top. However, due to the limitation of time, we weren’t able to investigate                 
the overall efficiency of the whole filter.  

4.2.5 Cost of Filter  
The cost of the filters was calculated based on how much material was used within the                

filter itself. The cost of the materials is in Table  3 and also includes the size. 
 
 
 

 

 



 

Table 3: The Cost of Local Materials for Activated Carbon Filter 
_____________________________________________________________________________ 

Material    Size Cost (1 Dollar= 5 Cedies) 
_____________________________________________________________________________ 

Clay 10 kg Bag 10 Cedis  
Sawdust 10 kg Bag 10 Cedis  
Charcoal 1 Bag  ( ~1 kg) 1 Cedis  
Bleach 500 mL 6 Cedis 
Lemons 5 lemons 3 Cedis 

_____________________________________________________________________________ 
 

The estimated price of the filter is 3 cedis. The cost of the filters based on the ratios is                   
about 3 cedis. The filter can be used up to 4 weeks depending on the water consumption of the                   
family. The cost of bottled water is about 2 cedis and there has to be multiple bought for a family                    
every day. The cost in comparison is significantly more affordable as 3 cedis can be used for up                  
to 4 weeks of water compared to 5 cedis a day approximately. The use of the filter design also                   
eliminates the creation of plastic waste and reduces the amount of plastic exposure. The health               
impact of constantly drinking out of plastic is also fairly significant and reducing the amount of                
plastic being used is a big benefit.  

4.3 Accessibility to Locals and Resources 
The resources to create the filters were all sourced locally due to the replicability of the                

filter. The sources to find these items often came from walking on the street and stopping by a                  
shop or asking where it could be found. Since all the sources needed to be local there were some                   
issues in not being able to find everything that was needed. Difficulties in finding all the                
resources we needed were expected and adaptations to the project needed to be made. The               
following section explains some of the challenges and remedies for the problems that arose. 

4.3.1 Clay-Sawdust Disk 

When testing different ratios of clay to sawdust, we found that a 1:1 ratio of clay to                 
sawdust worked best. It cooked the best and could withstand slight pressure after being soaked in                
water. The finished filter can be found in Figure 4.  

 



 

 
Figure 4​: Clay-Sawdust Filter Made from 1:1 Ratio of Clay and Sawdust After Being Fired 

 
Water was able to pass through this filter and even collect some sediment from the water. The                 
other two ratios did not work out. The filter that was made with 20% clay and 80% sawdust was                   
extremely difficult to mold and it fell apart soon after being submerged in water. The 40/60 filter                 
could withstand a little more pressure as compared to the 20.80 filters, although it did not do                 
better than the 50/50 filter. One of the greatest challenges that came with creating the               
clay-sawdust filter was the lack of a kiln. In order for clay to be fired properly, it needs to                   
experience extreme heat for a long period of time. First, we attempted to locate a kiln. The                 
nearest kiln was more than two hours away and would not be easily accessible to the local                 
community of Kyebi. As a result, we attempted various firing methods. The firing method that               
was most successful was placing the clay-sawdust filters in an LPG oven for several hours. This                
testing was extremely preliminary, but it allows us to understand what processes can be used to                
create the filter.  

4.3.2 Access to People 
The local technical secondary high school provided material and the location of most of              

our experimentation. The pottery class and chemistry class provided space to perform            
experiments as well as to prepare the clay and charcoal. The clay, charcoal, lemons, bleach, and                
sawdust were all used to create the actual filter. Small shops were located right next to the school                  
as well as our lodging that provided all the organic materials needed. The experimentation              
required a pot and pan as well which were also located within a five-minute walking distance                
from the school. The chemistry class provided essential chemicals that were needed to conduct              
testing. The chemicals were iodine, sodium thiosulfate, starch and potassium iodine among other             
chemicals that were needed in smaller amounts. The school was fundamental in gaining access to               
chemicals and to people who helped the project. The high school students were engaged              
throughout the entire process and helped through bringing water as well as preparing materials. 

 



 

5.0 Conclusion and Recommendations 

5.1 Activated Carbon Filter 
The creation of the activated carbon filter required effort from the local community, the              

high school, and our previous research. The relationship that was created with the community              
has created a foundation that can continue to be utilized throughout the next phases of the                
filtration process. The activated carbon filter was proven successful as it can be created and that                
local materials are able to be used.  

5.1.1 Established Relationship with Locals 
The two months spent in Kyebi, Ghana created connections to the locals that were pivotal               

in the development of the activated carbon filter. Working with the local community established              
a sense of trust between the students from America and the citizens of Kyebi. The success of the                  
filter is completely based on the integration of such a filter within everyday life. The local high                 
school was instrumental in the design iterations and idea culmination. The chemistry and             
sculpture teacher provided information about the town that we could not have found in any               
research from what materials are easily accessible, to sources of drinking water and insight into               
the environmental situation. The interest from the high school students is also an invaluable part               
of the project that creates an actual possibility for the interest to not only continue in the                 
following year with new MQP students but also with the high school students for the year prior                 
to WPI coming back. The connection to the locals is preparation for the next year but also an                  
insight into the potential for participation within a scaled-up version of the filter design  

5.1.2 Prototype Creation  
The activated carbon filtration system was developed over the past 7 weeks in Kyebi,              

Ghana. The timeline to create a functioning clay-sawdust disk and an activated carbon filter layer               
was successful in certain regards. Activated carbon is able to be created using both common               
household items, lemon, and bleach. The effectiveness of both varied but the ability to be able to                 
create activated carbon using fairly common items on an open flame which could be easily               
replicated is an important development. The clay-sawdust disks were still able to filter water              
even if the end result was not completely clear water. The first step in being able to make all                   
parts of the system in conventional ways is an insight that the next approach may be successful                 
in and of its own right. The next group of students have a basis of people and past results to use                     
as they continue to work on these filters. The resources that are available are now known and                 
therefore will provide the next group of students with a foundation to start their project. 

 



 

5.1.3 Community Infrastructure 
The tap water of Kyebi, Ghana is polluted and the locals have protested that the               

government should clean the water. The locals are then forced to find an alternative whether that                
be using a well or buying bottled water. The water sources that people have used for a long time                   
have recently become polluted. The change in the water has created the need to find an                
alternative and the filter is potentially the best approach. The locals do not like the mining                
operations and disagree with their use of mercury. The impact that we created was working with                
both sides and meeting on common ground. The miners understood we only wanted to know               
how we can help them in their current situation and get to a place that has less exposure. The                   
students understood that we wanted to create a filter that would help clean their water as they                 
knew they could not just drink their water. A mapping of the water that is used and who gets that                    
type of water could have further informed where the disparities are and who is affected by them                 
in an easier manner.  

5.2 Recommendations for Future Projects 
The success of the project in creating a foundation for the implementation plan for the               

next five years will allow these next outlined steps to happen. The next phases of the project will                  
need to be done through calculated step by step approaches that continue to expand the reach and                 
influence of the design each year. The steps will go from finding the best-activated carbon to a                 
scale-up design that can be implemented in Kyebi but also possibly be adapted within other               
mining-affected areas. 

5.2.1 Sources of Carbon 
The source of carbon for this iteration of the activated carbon filter simply came from               

grinded charcoal as the base. The main focus was to figure out if activation was possible through                 
any carbon source. However, throughout our stay, we were able to explore the cellulosic sources               
that are available and that could be used to create activated carbon. Heaps of scrap coconut husks                 
and rinds from various starches were scattered in many areas. The husks and rinds are primarily                
a waste product and collect on the streets. The waste that could be found on the street potentially                  
creates a continuous source of carbon that would further reduce the cost of the filters. The testing                 
phase would, however, need to be more in-depth in order to find out which source is more                 
effective or if possibly it does not create a large difference. This testing phase would need to be                  
done the following year in order to completely understand the situation of the carbon-based              
sources. The tests would need to look at efficiency, time to create the product, length of product                 
viability along with accessibility and price to optimize the potential of all of the carbon sources.                
The testing could happen in part with another team that continues the focus of the clay sawdust                 

 



 

part of the filter. The following recommendation will further address the clay-sawdust aspect of              
the filter but could be done later on in the next phases.  

5.2.2 Activated Carbon for Mercury Vapor 
The activated carbon when created correctly has the potential to remove mercury from             

both the air and water. The team that worked with us during our project worked on a retort                  
design for the mercury amalgam that is burned during the mining process to reduce the exposure                
to mercury vapors. The use of activated carbon as a substance to absorb mercury vapor is a                 
process often done to extract contaminants from flue gas in many factories. One of the professors                
at WPI, Jennifer Wilcox, works on carbon capture and has studied activated carbon for air               
filtration methods for her research at WPI. A prototype has been created for use in the amalgam                 
burning that could be added to through the use of activated carbon. The materials that would be                 
available to create the activated carbon are currently known and once the best carbon source is                
discovered it could be tested for the ability to extract vapors. The cost of a retort could decrease                  
significantly if the original and cheapest prototype design was fitted with activated carbon. The              
multiple applications of the carbon increase the value while the cost is still fairly low. The                
project could also be conducted as a three-term MQP at WPI or partial testing done the term                 
before the student leaves for Ghana. The collaboration with research currently happening at WPI              
could combine multiple projects into one which would expand the range of impact.  

5.2.3 Testing of Mercury Sources and Deposits  
The mercury that is released within the environment is scattered as the mining process              

and amalgam of gold-mercury is done at the homes of the miners. With each site having possibly                 
70 miners and if each mining group consists of 4 people, then about 17 unknown neighborhoods                
are being exposed to mercury in a more direct way than say people who did not live near the                   
mines. Mapping the mercury sources could begin to explain where the mercury goes and to what                
extent each area is being exposed. Testing the water in these areas could provide a deeper                
understanding of what differences exist in the exposure level throughout the community. The             
mapping would also help predict where the mercury is moving and further investigations could              
be done into the health records of these areas to see if there is any indication of mercury                  
exposure. Mapping mercury within the environment is also a well-designed process that could             
inform the steps that would need to be taken within the mining areas of Ghana. The mapping of                  
the mines would also create a clearer image of where mining is done and what kind of mining.                  
The impact on the environment could be scaled as well which would create an outline of which                 
areas would need immediate action and possibly multiple points of intervention.  

 



 

5.2.4 Clay-Sawdust Filter Collaboration 
The clay-sawdust pot filter is an established and working implementation in the northern             

region of Ghana (Murcott, 2005). The attempt to create our own filter was not successful which                
could be an indication that there is an opportunity for a collaboration that would deem more                
fruitful. The addition of an activated carbon layer could expand the use of the filter pots to                 
regions that are contaminated by mercury and heavy metal pollution. The current pot system is               
ideal for turning river water into drinkable water but not contaminated water. The next few years                
could be taken to establish contact with the northern region. The community that currently uses               
the project, as well as the researcher who facilitated the implementation of the pot, would be the                 
greatest help. The activated carbon at this point would have to be perfected and easily replicable                
within any region. However, establishing contact both in Ghana and in the United States would               
take a while especially if collaboration on both continents would need to happen. If contact was                
made in the US, the researchers could communicate over email and skype, with both sides being                
able to add to the filter with the various experiences that they have. Once the filter design would                  
be proposed to the mining communities, the design could then be altered and implemented.  

5.2.5 Establishing Infrastructure to Manufacture Filters 
Once both filters are designed and can be made together, the next major step would be                

implementation through a scale-up design. The goal of the water filter system is to be able to be                  
created by locals and that when filters need to be changed the ability to do so exists. The                  
fundamental filter design is fairly simple but the process to be reiterated correctly each time is a                 
much more tricky process. The best approach to the filters would be to have trained individuals                
in the community who are able to become entrepreneurs and facilitate the filter business. Ideally,               
the filters could be created by stay at home mothers who already have a great deal of access to                   
the materials that are needed in particular for the activated carbon. While the developments for               
the filter are created, the community will continue to be involved throughout the entire time. The                
hope is that members of the community will begin to take ownership and want to be a bigger part                   
of the filter being used to clean their tap water. The students that worked with us from the local                   
high school took a deep interest in the filter and how it could help their community. If the                  
students are able to work on the filter and develop their own design, then that is a development                  
that we could not have foreseen but is an ideal one. The students' understanding of the problem                 
and being given the guidance to make a difference for themselves would progress the plan               
quickly. The students could then be the first facilitators of the filters as they had developed their                 
own design. With the knowledge they have of the area and how this could be done, they could                  
guide the process with help from those who could give them access to people who have higher                 
say in government. The collaboration would work in a way that involves multiple stakeholders              
and the problem is addressed with multiple perspectives.  

 



 

6.0 Citations 
Armah, F. A., Luginaah, I. N., Taabazuing, J., & Odoi, J. O. (2013). Artisanal gold mining and 

surface water pollution in Ghana: have the foreign invaders come to stay?. Environmental 
Justice, 6(3), 94-102.  

Aronson, B. A. (2017). The white savior industrial complex: A cultural studies analysis of a 
 teacher educator, savior film, and future teachers. Journal of Critical Thought and Praxis, 
6(3), 3. 

Artisanal and Small-Scale Mining. (n.d.). Retrieved from 
https://www.igfmining.org/mining-policy-framework/framework/artisanal-and-small-scal 
e-mining/ 

Asiedu, Kwasi Gyamfi, and Quartz. “Ghana Is Losing Its Rainforest Faster than Any Other 
Country in the World.” World Economic Forum, (2019) 
https://www.weforum.org/agenda/2019/05/ghana-is-losing-its-rainforest-faster-than-any-
other-country-in-the-world​. 

Ayaaba, E., Li, Y., Yuan, J., & Ni, C. (2017). Occupational respiratory diseases of miners from 
two gold mines in Ghana. International journal of environmental research and public 
health, 14(3), 337. 

B.Stewart, P. (2019, October 24). Ghana Gold Mining and Exploration. Retrieved from  
https://investingnews.com/daily/resource-investing/precious-metals-investing/gold-invest 
ing/gold-mining-in-ghana/ 

Basu, N., Renne, E., & Long, R. (2015). An Integrated Assessment Approach to Address 
Artisanal and Small-Scale Gold Mining in Ghana. ​International Journal of 
Environmental Research and Public Health​, ​12​(9), 11683–11698. doi: 
10.3390/ijerph120911683 

Bansah, Kenneth & Yalley, Akuba & Dumakor-Dupey, Nelson & Barnes-Sakyi-Addo, 
Georgette. 

(2016). Small Scale Mining in Ghana: Improving Operations by Utilizing Professional 
Engineers.  

Benkenstein, A. (2012, March 1). Artisanal and Small-scale Mining in Africa: Opportunities and 
Challenges. Retrieved February 17, 2020, from 
https://saiia.org.za/research/artisanal-and-small-scale-mining-in-africa-opportunities-and-
challenges/ 

Bismah Otieku. (2020). In Tadesse M. (Ed.), ​Otieku bismah enterprise 
Boadi, S., Nsor, C. A., Antobre, O. O., & Acquah, E. (2016). An analysis of illegal mining on the 

Offin shelterbelt forest reserve, Ghana: Implications on community livelihood. Journal of 
Sustainable Mining, 15(3), 115–119. doi:10.1016/j.jsm.2016.12.001  

Bonzongo, Jean-Claude & Donkor, A. & Nartey, Vincent & Lacerda, Luiz. (2004). 

 

https://www.weforum.org/agenda/2019/05/ghana-is-losing-its-rainforest-faster-than-any-other-country-in-the-world
https://www.weforum.org/agenda/2019/05/ghana-is-losing-its-rainforest-faster-than-any-other-country-in-the-world
https://investingnews.com/daily/resource-investing/precious-metals-investing/gold-invest
https://saiia.org.za/research/artisanal-and-small-scale-mining-in-africa-opportunities-and-challenges/
https://saiia.org.za/research/artisanal-and-small-scale-mining-in-africa-opportunities-and-challenges/


 

Mercury Pollution in Ghana: A Case Study of Environmental Impacts of Artisanal Gold 
Mining in Sub-Saharan Africa. 10.1007/978-3-662-07060-4_12.  

Bose-O’Reilly, S., Schierl, R., Nowak, D., Siebert, U., William, J.F., Owi, F.T. and Ir, Y.I. 
(2016). 

A preliminary study on health effects in villagers exposed to mercury in a small-scale 
artisanal gold mining area in Indonesia. Environmental Research, 149. 274–281.  

Botchwey, G., Crawford, G., Loubere, N., & Lu, J. (2018). South-South Irregular 
Bush, R. (2009). ‘Soon there will be no-one left to take the corpses to the morgue’: accumulation 

and abjection in Ghana's mining communities. Resources Policy, 34(1-2), 57-63. 
Chambers, M. (2019, October 15). What is Artisanal & Small-Scale Mining (ASM)? Retrieved  

from http://faircongo.com/2017/08/23/artisanal-small-scale-mining-asm/ 
Christensen, Sofia. “Ghana Struggles to End Illegal Gold Mines.” VOA - Voice of America 

English  News, 3 June 2019, 
https://learningenglish.voanews.com/a/ghana-struggles-to-end-illegal-gold-mines-/49393
34.html​. 

Chuhan-Pole, P., Dabalen, A., Kotsadam, A., Sanoh, A., & Tolonen, A. (2015). The Local 
Socioeconomic Effects of Gold Mining: Evidence from Ghana. ​Policy Research Working 
Papers​. doi: 10.1596/1813-9450-7250  

Clasen, T. F., Alexander, K. T., Sinclair, D., Boisson, S., Peletz, R., Chang, H. H., … Cairncross,  
S. (2015). Interventions to improve water quality for preventing diarrhoea. ​Cochrane  
Database of Systematic Reviews​. doi: 10.1002/14651858.cd004794.pub3 

Colvin, N. E., Mahan, P. L., & Harris, J. (2016). Methylmercury Exposure in Women of 
Childbearing Age and Children. Workplace Health & Safety, 64(11), 550–555. 
doi:10.1177/2165079916664102 

Crawford, G., Agyeyomah, C., Botchwey G., Mba, A., The Impact of Chinese Involvement in  
Small-scale Gold Mining in Ghana, May 2015, E-33110-GHA-1 

Dalefield, R. (2017). Emergency Care and Stabilization of the Psoned Patient. Veterinary 
Toxicology for Australia and New Zealand, 19–32. doi: 
10.1016/b978-0-12-420227-6.00003-7 

Dzigbodi Adzo Doke and Julia M. Gohlke (2014) Estimation of human health risk from 
exposure to methylmercury via fish consumption in Ghana. Journal of Health and 
Pollution: March 2014, Vol. 4, No. 6, pp. 18-25. 

Ekpete, O. A., Marcus, A. C., & Osi, V. (2017). Preparation and Characterization of Activated 
Carbon Obtained from Plantain (Musa paradisiaca) Fruit Stem. Journal of Chemistry, 
2017, 1–6. doi:10.1155/2017/8635615  

Emmanuel, A. (2013). Impact of illegal mining on water resources for domestic and irrigation 
purposes. ARPN J Earth Sci [Internet], 2(3), 117-21.  

Esdaile, Louisa J and Justin M Chalker. “The Mercury Problem in Artisanal and  
Small-Scale Gold Mining” Chemistry (Weinheim an der Bergstrasse, Germany) vol. 

 

https://learningenglish.voanews.com/a/ghana-struggles-to-end-illegal-gold-mines-/4939334.html
https://learningenglish.voanews.com/a/ghana-struggles-to-end-illegal-gold-mines-/4939334.html


 

24,27 (2018): 6905-6916 
Fernandes Azevedo, B., Barros Furieri, L., Peçanha, F. M., Wiggers, G. A., Frizera Vassallo, P.,  

Ronacher Simões, M., … Valentim Vassallo, D. (2012). Toxic effects of mercury on the 
cardiovascular and central nervous systems. Journal of biomedicine & biotechnology, 
2012, 949048. doi:10.1155/2012/949048 

Fritz, M., McQuilken, J., Collins, N., & Weldegiorgis, F. (2018). Global Trends in Artisanal and 
Small-Scale Mining (ASM): A review of key numbers and issues. International Institute 
for Environment and Development (IIED) for the Intergovernmental Forum on Mining, 
Minerals and Sustainable Development (IGF. Retrieved from 
https://www.iisd.org/sites/default/files/publications/igf-asm-global-trends.pdf 

Gbogbo F, Arthur-Yartel A, Bondzie JA, et al. Risk of heavy metal ingestion from the 
consumption of two commercially valuable species of fish from the fresh and coastal 
waters of Ghana. PLoS One. 2018;13(3):e0194682. Published 2018 Mar 23. 
doi:10.1371/journal.pone.0194682 

Gold Fields Ghana & Opportunities Industrialization Centers International. 2005. Report on the 
Livelihood Survey of Galamsey Operators Amuanda. 15 December. 
Government of Ghana. 2014. Minerals and Mining Policy of Ghana, Ensuring mining 
contributes to sustainable development. 

Hentschel, T., Hruschka, F., & Priester, M. (n.d.). ​Global Report on Artisanal & Small-Scale 
Mining​ (Vol. 70). Mining, Minerals and Sustainable Development. 

Hilson, Gavin & Hilson, Abigail & Adu-Darko, Eunice. (2014). Chinese Participation in Ghana's  
Informal Gold Mining Economy: Drivers, Implications and Clarifications. Journal of  
Rural Studies. 34. 292–303. 10.1016/j.jrurstud.2014.03.001.  

Hilson, G., & Pardie, S. (2006). Mercury: An agent of poverty in Ghanas small-scale 
gold-mining sector? ​Resources Policy​, ​31​(2), 106–116. doi: 
10.1016/j.resourpol.2006.09.001 

Hina, K., Zou, H., Qian, W. et al. Preparation and performance comparison of cellulose-based 
 activated carbon fibres. Cellulose 25, 607–617 (2018). 
https://doi.org/10.1007/s10570-017-1560-y 

History of Gold Mining in Ghana. (1970, January 1). Retrieved from 
http://sikabourcrystalmining.blogspot.com/2011/02/history-of-gold-mining-in-ghana.html 

Hobson, P. (2019, April 24). More than 40 million people work in artisanal mining: report. 
Retrieved from 
https://www.reuters.com/article/us-mining-asm/more-than-40-million-people-work-in-art
isanal-mining-report-idUSKCN1S025C 

How to Make Activated Charcoal at Home. (n.d.). Retrieved from  
https://www.buyactivatedcharcoal.com/how_to_make_activated_charcoal 

ILO (2002). A Future Without Child Labour. Geneva: ILO. Retrieved from: 
 http://www.ilo.org/wcmsp5/groups/public/---dgreport/--dcomm/-- 

 

http://sikabourcrystalmining.blogspot.com/2011/02/history-of-gold-mining-in-ghana.html
https://www.reuters.com/article/us-mining-asm/more-than-40-million-people-work-in-artisanal-mining-report-idUSKCN1S025C
https://www.reuters.com/article/us-mining-asm/more-than-40-million-people-work-in-artisanal-mining-report-idUSKCN1S025C
https://www.buyactivatedcharcoal.com/how_to_make_activated_charcoal


 

publ/documents/publication/wcms_publ_9221124169_en.pdf 
Junaidi, M., Krisnayanti, B. D., Juharfa, & Anderson, C. (2019). Risk of Mercury Exposure from 

Fish Consumption at Artisanal Small-Scale Gold Mining Areas in West Nusa Tenggara, 
Indonesia. Journal of health & pollution, 9(21), 190302. 
doi:10.5696/2156-9614-9.21.190302 

Kibigoldfields. (n.d.). Retrieved from http://www.kibigoldfields.com/ 
Kusi-Ampofo S, Boachie-Yiadom T. Assessing the social and environmental impacts of illegal  

mining operations in River Bonsa [Internet]. Tarkwa, Ghana: Pure Fm; 2012. September 
[cited 2018 Feb 25] 40 p.  

McQuilken, J and Hilson, G (2016). Artisanal and Small-Scale Gold Mining in Ghana.  
Background Research to inform an Action Dialogue. IIED, London. 

Munk, N. (2014). The idealist: Jeffrey Sachs and the quest to end poverty. New York, NY: 
Anchor Books. 

Murcott, Susan. (2006). Implementation, Critical Factors and Challenges to Scale-Up of 

Household Drinking Water Treatment and Safe Storage Systems.  

Mwami, J.A., Sanga, A.J. and Nyoni, J. (2002). Child Labour in Mining: A Rapid assessment; 
International Labour Organisation (ILO), International Programme on the elimination of 
Child Labour (IPEC), Geneva. 

Njini, Felix. “The African Nation Built on Gold Loses Its Crown to a Rival.” Bloomberg.com, 
Bloomberg, 9 June 2019, 
https://www.bloomberg.com/news/articles/2019-06-09/nation-built-on-gold-loses-its-afri
can-crown-to-rival-ghana​. 

Nyame, F. K., & Grant, J. A. (2014). The political economy of transitory mining in Ghana: 
Understanding the trajectories, triumphs, and tribulations of artisanal and small-scale 
operators. ​The Extractive Industries and Society​, ​1​(1), 75–85. doi: 
10.1016/j.exis.2014.01.006 

O'Driscoll, D. (2017). ​Overview of child labour in the artisanal and small-scale mining sector in 
Asia and Africa​. Manchester: K4D . 

O’Faircheallaigh, C., & Corbett, T. (2016). Understanding and improving policy and regulatory 
responses to artisanal and small scale mining. ​The Extractive Industries and Society​, ​3​(4), 
961-971. 

Ofosu-Mensah Ababio, Emmanuel. (2011). Historical overview of traditional and modern gold 
mining in Ghana. International Research Journal of Library, Information and Archival 
Studies. 1. 6. 

Osumanu, K. I., Abdul-Rahim, L., Songsore, J., Braimah, F., & Mulenga, M. (2010). Urban  
water and sanitation in Ghana: How local action is making a difference. ​Iied​. 

Owusu, E.E. & Dwomoh, G. (2012) The Impact of Illegal Mining on the Ghanaian Youth: 
Evidence  From Kwaebibirem  District In  Ghana.  Research on  Humanities and  Social 

 

https://www.bloomberg.com/news/articles/2019-06-09/nation-built-on-gold-loses-its-african-crown-to-rival-ghana
https://www.bloomberg.com/news/articles/2019-06-09/nation-built-on-gold-loses-its-african-crown-to-rival-ghana


 

Sciences , 2 (6) 
Pioneering the Discovery of a New Gold Belt in Ghana, West Africa. (n.d.). Retrieved from 

https://www.xtragold.com/  
PMMC (Precious Minerals Marketing Company). (n.d.). Retrieved February 10, 2020, from 

https://www.pmmc.gov.gh/pmmc/ 
Rajaee, M., Long, R. N., Renne, E. P., & Basu, N. (2015). Mercury Exposure Assessment 

and Spatial Distribution in A Ghanaian Small-Scale Gold Mining Community. 
International journal of environmental research and public health, 12(9), 10755–10782. 
doi:10.3390/ijerph120910755 

Riccardi, M. “An Approach to the Dynamics of Clay Firing.” ​Applied Clay Science​, vol. 15, no.  
3-4, 1999, pp. 393–409., doi:10.1016/s0169-1317(99)00032-0. 

Samuel, A. et al., 2012. The impact and effect of illegal mining (galamsey) towards the 
socio-economic development of mining communities: A case study of kenyasi in the 
brong ahafo region. Int. J. Modern Soc. Sci., 1(1): 38-55.  

Sanders, L. (2008). An evolving map of design practice and design research. interactions, 15(6), 
13-17. 

Sachs, J. (2005). The end of poverty: how we can make it happen in our lifetime. London: 
Penguin Books. 

Serfor-Armah, Y., Nyarko, B. J. B., Dampare, S. B., & Adomako, D. (2006). Levels of arsenic 
and antimony in water and sediment from Prestea, a gold mining town in Ghana and its 
environs. Water, Air, and Soil Pollution, 175(1-4), 181. 

Srem, E. 2014. Trading Ghana’s water for gold. Africa Check, November 25, 
africacheck.org/2014/11/25/trading-ghanas-water-for-gold/​. (Accessed 29 May 2015). 
“Status of Forestry Sector.” FOSA Country Report - Ghana, Sept. 2016, 
www.fao.org/3/ab567e/AB567E02.htm​. . 

Stoler, Justin et al. “Sachet drinking water in Ghana's Accra-Tema metropolitan area: past, 
present, and future.” Journal of water, sanitation, and hygiene for development : a journal 
of the International Water Association vol. 2,4 (2012): 10.2166/washdev.2012.104. 
doi:10.2166/washdev.2012.104 

Tchounwou, P. B., Yedjou, C. G., Patlolla, A. K., & Sutton, D. J. (2012). Heavy metal toxicity 
and the environment. Experientia supplementum (2012), 101, 133–164. 
https://doi.org/10.1007/978-3-7643-8340-4_6 

Teschner, B. A. (2012). Small-scale mining in Ghana: The government and the galamsey. 
 Resources Policy​, ​37​(3), 308–314. doi: 10.1016/j.resourpol.2012.02.001 
Thorsen, D. (2012). „‟Children in mines and quarries; Evidence from West and Central 
Africa‟‟. 

UNICEF Briefing paper No. 4, accessed from www.3.bp.blogspot.com, dated-11/10/13 
Tindan, Peter Dok. “The causes of and impact from deforestation on local level sustainable forest 

 

https://www.xtragold.com/
http://africacheck.org/2014/11/25/trading-ghanas-water-for-gold/
http://www.fao.org/3/ab567e/AB567E02.htm


 

management in Ghana : a survey of Dwease and Praaso communities in the Ashanti 
region.” (2013). 

Tom-Dery, D., Dagben, Z. J., & Cobbina, S. J. (2012). Effect of illegal small-scale mining 
operations on vegetation cover of arid northern Ghana. Research journal of 
environmental and earth sciences, 4(6), 674-679.  

UNEP. 2008. Annual Report. ​http://www.unep.org/PDF/​Annual Report /2008/ AnnualReport 
2008_en_web.pdf (accessed 11/6/13). Union, A. (2009). Africa Mining Vision. 

Varkey, A., & Dlamini, M. (2012). Point-of-use water purification using clay pot water filters  
and copper mesh. ​Water SA​, ​38​(5). doi: 10.4314/wsa.v38i5.10 

Wardrop, N. A., Dzodzomenyo, M., Aryeetey, G., Hill, A. G., Bain, R. E. S., & Wright, J. 
(2017). Estimation of packaged water consumption and associated plastic waste 
production from household budget surveys. Environmental Research Letters, 12(7), 
074029. doi:10.1088/1748-9326/aa751f  

Wilson, M., Renne, E., Roncoli, C., Agyei-Baffour, P., & Tenkorang, E. (2015). Integrated 
Assessment of Artisanal and Small-Scale Gold Mining in Ghana — Part 3: Social 
Sciences and Economics. ​International Journal of Environmental Research and Public 
Health​, ​12​(7), 8133–8156. doi: 10.3390/ijerph120708133 
Wonder, Davor. “Kidney Failure -The Highest Cause Of Death In Ghana.” Modern 
Ghana,Modern Ghana, 30 Dec. 2019, 
www.modernghana.com/news/976345/kidney-failure-the-highest-cause-of-death-in-ghan
.html. 

Yakovleva, N. (2007). Perspectives on female participation in artisanal and small-scale mining: 
A case study of Birim North District of Ghana. ​Resources Policy​, ​32​(1-2), 29–41. doi: 
10.1016/j.resourpol.2007.03.002 

 

http://www.unep.org/PDF/


 

Appendices 

Appendix A: MSDS Sheet for Mercury  

 

 



 

 

 
 
 

 

 



 

 

 

 



 

 

 



 

 

 



 

 

 

 

 

 
 

 



 

Appendix B: Raw Data for Weight and Bulk Density 

 
 

 



 

Appendix C:  Raw Data for Altered ​ASTM D4607-94 

 

 

 

 


