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Abstract 

Artisanal gold mining is an important economic activity in many regions of the world. However, mining activities can lead to 

the production of large quantities of heavy metal laden wastes which can result to widespread contamination of the 

environment. This study investigated the levels of heavy metals (Cr, Cu, Zn, As, Cd and Pb) in gold mine tailings, panning 

pond water, river water and sweet potatoes obtained from Kuria West Sub-County, Kenya and evaluated potential health risks 

among local residents. One-way analysis of variance (ANOVA) was used to test significant difference (p < 0.05) of heavy 

metal concentrations across the different sampling sites. The mean concentrations for heavy metals such as chromium, copper, 

arsenic, cadmium and lead differed significantly (p <0.05) among the study sites for tailings. With regard to river water all the 

heavy metals differed significantly among the study sites (p <0.05). For sweet potatoes, there was no significant difference 

recorded (p > 0.05) between the study sites. Results showed that tailings had the highest heavy metal mean concentrations 

(mg/kg) of As (946.45 – 2789.88), Pb (31.71 – 366.21), Zn (54.17 – 118.07), Cr (34.14 – 87.42), Cu (16.97 – 55.52) and Cd 

(0.32 – 1.85). Heavy metal concentrations in panning ponds water were comparatively lower (i.e., < 2mg/l) and were within 

the same range (0.0001 – 1.26mg/l). Heavy metal concentrations in river water (mg/l) recorded were Cr (0.031 – 0.184), Cu 

(0.063 -4.058), Zn (0.097 – 0.824), As (0.002 – 0.666), Cd (0.0001 – 0.0036) and Pb (0.008 – 0.009). The concentrations of 

heavy metals recorded at the downstream sampling site except Zn exceeded World Health Organization (WHO) set limit for 

drinking water. The average concentrations for heavy metals in sweet potatoes such as chromium (3.32mg/kg), zinc 

(12.02mg/kg), Pb (0.44mg/kg) and As (0.31mg/kg) exceeded WHO set limit while Cu (7.57mg/kg) and Cd (0.08mg/kg) were 

within the recommended levels. The presence of heavy metals (Cr, Zn, Pb, and As) in higher concentrations than WHO set 

limits for sweet potatoes poses a health risk to the residents of Kuria west. In conclusion, it is recommended that mining 

activities should be regulated and licensed by relevant government agencies. Tailings and waste waters emanating from mining 

activities should be kept safely before treatment and disposal. Continuous monitoring of heavy metals should be undertaken to 

determine heavy metal concentrations in areas close to gold mines and further tests should be undertaken to determine heavy 

metal concentrations in soil, other crops, air and ground water. 
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1. Introduction 

The African continent has rich reserves of mineral resources 

and globally, it is ranked second in terms of quantity of miner-

als such as phosphorite, bauxite, uranium, cobalt, diamond, 

zirconium and platinum among many others [1, 2]. Although 

mining of mineral resources is an important economic activity, 

it is one of the major sources of heavy metals in the environ-

ment [3, 4]. Heavy metals refer to metals and metalloids hav-

ing densities that exceed 5g/cm3 [5]. Although certain heavy 

metals are important for plant growth, crops that are grown in 

soils contaminated with heavy metals can accumulate toxi-

cants in levels above permissible limits. For example, cadmi-

um, lead, arsenic and mercury are not vital for plant growth 

because they do not perform any functions in plants. However, 

metals such as iron, copper and zinc are important elements 

required for the growth of plants, although these metals can 

easily cause pollution if their concentrations exceed the per-

missible limits [6]. 

Artisanal gold mining is a profitable economic activity 

that serves as a source of income and livelihood for millions 

of people around the world [7]. In many developing coun-

tries, artisanal gold mining is increasing due to increase in 

the price of gold and poverty [8]. It is estimated that approx-

imately 15 million people engage in artisanal gold mining 

activities as miners and many more people directly or indi-

rectly depend on artisanal gold mining as their source of live-

lihood [9]. The benefits of artisanal gold mining include cre-

ation of job opportunities for local communities, develop-

ment of infrastructure and contribution to a country’s econ-

omy [7]. Despite these benefits, artisanal gold mining has 

deleterious effects on the environment and human health [10-

12]. Artisanal gold mining operations are largely unregulated 

and the miners have less skills and knowledge to manage the 

various environmental and health related challenges that may 

emanate from mining operations [13, 14]. 

Artisanal gold mining industry experiences environmental 

challenges since its operations utilizes chemicals such as mer-

cury during extraction of gold [14, 15]. Additionally, the ore 

from which gold is obtained may naturally contain heavy met-

als such as cadmium, lead, copper, arsenic and lead which 

contaminate the environment [16]. Once the extraction of gold 

from ore is complete, the solid (e.g., tailings) and liquid (e.g., 

panning ponds water) wastes emanating from the mining pro-

cess are discarded into the environment. The heavy metals 

contained in these mining wastes contaminate environmental 

media such as soil, sediments, water and air and accumulate in 

living organisms and humans, causing various health effects 

[17-19]. For example, Palapa and Maramis [17] evaluated 

heavy metals in water of a stream flowing near gold amalgam-

ation tailing ponds in Indonesia and found that the mean con-

centrations for heavy metals such as arsenic, chromium, and 

lead were relatively high and exceeded the world’s average 

content of heavy metals in river water. Another study assessed 

the effect of artisanal gold mining activities on heavy metals 

pollution in soil, stream sediments, well water and plant sam-

ples in Ghana [18]. The study found that both well and river 

water samples were contaminated with heavy metals and were 

unsuitable for consumption because of high levels of lead, 

cadmium and mercury. Additionally, heavy metals enrichment 

factors indicated that soil and sediments were contaminated 

with cadmium and mercury. The soil had about two times 

more mercury than river sediments and the concentration of 

heavy metals in corn exceeded the maximum limits permitted 

by the Food and Agricultural Organization and WHO stand-

ards. A study conducted in Kenya evaluated the effect of arti-

sanal gold mining on heavy metal levels in fish, maize, cab-

bages, mangoes, potatoes and human hair to establish potential 

health risks posed to miners and local communities who obtain 

food resources from the area located near the gold mines [20]. 

The study found that the concentration levels of lead, cadmi-

um, zinc and nickel in soil was higher than the maximum lim-

its for agricultural soil. Additionally, the concentration levels 

of heavy metals in fish exceeded the maximum allowable con-

centrations for consumption. With regard to food crops, maize 

had the highest mean mercury concentrations followed by 

cabbages and potatoes and human hair had elevated nickel and 

zinc concentrations. 

Heavy metals cause various health challenges in humans 

such as kidney diseases, impairment of intellectual ability, 

gastrointestinal problems, cancer, nervous system disorders, 

cardiovascular disorders and subsequent death [21-23]. Apart 

from humans, heavy metals modify plant growth by affecting 

physico-chemical and biochemical functions such as nutrient 

uptake and translocation and photosynthetic activity [23, 24]. 

In soil, heavy metals have an impact on chemical and biolog-

ical processes, such as impairment of microbial activities 

[25]. Water resources such as rivers, lakes and ground water 

which acts as sources of water and habitat for animals may 

become degraded [26]. 

In Kenya, artisanal gold mining is an important economic 

activity. However, gold mining has potential effects on envi-

ronment and human health. The objectives of this study were 

to: (i) determine and compare the concentration levels of 

heavy metals in tailings, panning ponds water, river water 

and sweet potatoes collected from different areas in Kuria 

West sub-county, Kenya, and (ii) recommend strategies 

which can be used to reduce the impact of artisanal gold 

mining on the environment. 

2. Materials and Methods 

2.1. Description of Study Area and Sites 

The study was conducted in Kuria West sub-county, 

Migori County, Kenya. The Migori County is found in the 
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Lake Victoria basin which is volcanic in nature and has rich 

deposits of metals such as gold [10]. In addition to Kuria 

West sub-county, the Migori gold belt covers other sub-

counties such as Suna West, Nyatike, Rongo and Kuria East. 

With the exception of mining, other economic activities in 

the Kuria West region include agricultural activities. Many 

families own gold mines and shafts and depend on it as a 

source of livelihood. They also participate in gold processing 

activities within the region. Families also participate in agri-

cultural activities and plant crops such as tobacco, maize, 

beans and sweet potatoes. Area residents also engage in mi-

cro-enterprise and trade activities as mechanics, tailors, 

welders, masons, carpenters and traders. The area has two 

main rainfall seasons, with long rains falling between March 

and May and short rains falling between October and De-

cember. The annual rainfall amount ranges between 1000 

mm and 2600 mm and temperature ranges between 24°C and 

31°C [27]. Soil in the area is mainly composed of silty clay 

and loamy soils. The main rivers in the area include 

Nyakwana, Nyangoto, Hibwa, Ragana and Tebesi. 

Three key mines where gold mining takes place in Kuria 

West sub-county were selected for study. They include Karosi 

gold mine (latitude: 1°11’0’’S, longitude: 34°37’16’’E), stadi-

um gold mine (latitude: 1°11’25’’S, longitude: 34°37’7’’E) 

and Nyangoto gold mine (latitude: 1°9’10’’S, longitude: 

34°36’23’’E). Other study sites were selected at the upstream 

(latitude: 1°14’28’’S, longitude: 34°35’25’’E), midstream 

(latitude: 1°10’53’’S, longitude: 34°35’57’’E) and down-

stream (latitude: 1°9’11’’S, longitude: 34°36’25’’E) areas of 

the Nyangoto River, to evaluate the potential effect of gold 

mining activities on heavy metal concentrations in river water. 

Gold mining activities are mainly concentrated at the mid-

stream and downstream areas whereas there are minimal gold 

mining activities in the upstream zones of the river. For exam-

ple, the Nyangoto gold mine is located about 20 meters from 

the river at the downstream reaches. 

2.2. Collection of Samples and Processing 

The first sampling occasion was undertaken during Febru-

ary 2021. During this time, one ore sample was collected from 

each mine for analysis of heavy metals. Ten heavy metals 

were analyzed in the ore to determine heavy metal concentra-

tions before gold is processed. These heavy metals include 

chromium (Cr), cobalt (Co), copper (Cu), zinc (Zn), arsenic 

(As), cadmium (Cd), mercury (Hg), lead (Pb), Selenium (Se) 

and magnesium (Mg). The concentration of heavy metals in 

the ore are presented in Table 1. Based on the concentrations 

of heavy metals in the ore and potential toxicity, six heavy 

metals with potential negative effects to human health and 

environment were purposively selected for study (Table 2). 

These heavy metals include Cr, Cu, Zn, As, Cd and Pb. 

Subsequently, sampling was conducted during September 

2021 and January, April and July 2022. From each mine, 

tailings were taken in triplicates of about 500 g and placed in 

labeled zip-lock plastic bags. Panning ponds water was col-

lected from the mines using 1 liter plastic bottles. Additional-

ly, triplicate water samples were collected from the three 

Nyangoto River study sites using labeled 1 liter plastic bot-

tles. Concentrated nitric acid (5ml) was added to the water 

samples in-situ to prevent adsorption of dissolved elements 

onto the walls of the plastic bottles and to minimize the ac-

tivity of microbes [28]. 

Sweet potatoes (Ipomoea batatas), a major food crop in 

the area, were bought from major markets (i.e., Masaba and 

Kehancha) that are located near the gold mines and placed in 

labeled Ziplock plastic bags. All samples were placed in cool 

boxes and transported to the Kenya Plant Health and Inspec-

torate Service (KEPHIS) laboratory for analysis. 

Tailings and sweet potatoes were dried and ground into par-

ticles utilizing mortar and pestle. About 0.5 g of each sample 

were utilized during digestion. River water and panning ponds 

water samples measuring 45ml were utilized during the diges-

tion process. Samples were placed into digestion tubes and 

mixed with 9ml nitric acid to disintegrate the heavy metals. 

4ml perchloric acid was utilized as an oxidizing agent during 

digestion. The samples were placed into a microwave diges-

tion system for 50 minutes at 200°C. Afterwards, the samples 

were cooled for about 20 minutes. After the digestion process 

was complete, the samples were placed into volumetric flasks 

and mixed with deionized water (250ml) prior to analysis of 

heavy metals using an Inductively Coupled Plasma Mass 

Spectrometer (ICPMS). The samples were analyzed at the 

KEPHIS analytical laboratory, Nairobi. 

2.3. Data Analysis 

Data analysis was undertaken using R [29]. ANOVA was 

used test significance difference (p ≤ 0.05) of heavy metal 

concentrations in river water, panning pond water and gold 

mine tailings among the different sampling sites. The Tukey 

test was utilized for post-hoc evaluations. On the other hand, 

significant differences in heavy metal concentrations in 

sweet potatoes collected from Masaba and Kehancha mar-

kets was evaluated using Independent Samples t-test. The 

heavy metal concentrations in river water and sweet potatoes 

were compared with WHO set limits. 

3. Results 

3.1. Ore Samples 

In the ore samples, magnesium (4386.88mg/kg) had the 

highest average concentration followed by copper 

(112.76mg/kg), arsenic (58.53mg/kg) and zinc (46.71mg/kg). 

Selenium was below the limits of detection (BDL) (Table 1). 
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Table 1. Concentrations (mg/kg) of selected heavy metals in ore samples collected from the study sites on 8th February, 2021. Cr, Co, Cu, Zn, 

As, Cd, Hg, Pb, Se,mg refers to chromium, cobalt, copper, zinc, arsenic, cadmium, mercury, lead, selenium and magnesium. 

Sample type Cr Co Cu Zn As Cd Hg Pb Se Mg 

Ore 31.32 21.90 112.76 46.71 58.53 0.09 0.38 5.05 BDL 4386.88 

 

3.2. Tailings 

Across the study sites, arsenic had the highest mean con-

centration (2000.01mg/kg) in the tailing samples followed by 

lead (173.33mg/kg), zinc (83.74mg/kg), chromium 

(52.91mg/kg), and copper (31.19mg/kg). The concentrations 

of heavy metals in the tailings varied between and within the 

study sites. For example, the Nyangoto study site had the 

highest mean concentrations for arsenic, zinc, cadmium and 

lead compared to the Stadium and Karosi study sites. On the 

other hand, the Stadium study site had the highest mean con-

centrations for copper and chromium (Table 2). Apart from 

copper, all the other heavy metals had higher mean concen-

trations in tailings than in the ore samples. The mean concen-

trations for heavy metals such as chromium, copper, arsenic, 

cadmium and lead differed significantly (p < 0.05) among 

the study sites (Table 2). However, zinc did not differ signifi-

cantly (p = 0.063) among the study sites. 

Table 2. Mean (±SE) heavy metal concentrations (mg/kg) in gold mine tailings. 

Study sites Cr Cu Zn As Cd Pb 

Nyangoto 34.14±(1.91) 16.97±(1.45) 118.07±(27.56) 2789.88±(482.54) 1.85±(0.53) 366.21±(119.82) 

Stadium 87.42±(11.84) 55.53±(8.69) 54.17±(9.79) 946.45±(170.15) 0.32±(0.08) 31.71±(7.29) 

Karosi 37.15±(3.45) 21.10±(1.45) 78.99±(13.42) 2263.71±(317.29) 0.81±(0.14) 122.06±(40.16) 

F (2, 33) 17.26 16.85 3.01 7.46 6.02 5.61 

p-value 0.006 0.006 0.063 0.02 0.006 0.008 

 

3.3. Panning Ponds Water 

The mean concentrations of heavy metals in the panning 

ponds water were substantially lower (< 2mg/l) than in the 

tailings (Figure 1). Across the study sites, arsenic had the 

highest mean concentration (1.06mg/l) in the panning ponds 

water followed by zinc (0.16mg/l), lead (0.09mg/l), and cop-

per (0.08mg/l). The Nyangoto study site had relatively higher 

mean concentrations for arsenic (1.26 ± 0.03mg/l), zinc (0.17 

± 0.02mg/l), lead (0.17 ± 0.04mg/l) and cadmium (0.001 ± 

0.0001mg/l) when compared to the other study sites. On the 

other hand, the Karosi study site had slightly higher mean 

values for copper (0.09 ± 0.01mg/l) and chromium (0.07 ± 

0.01mg/l) than the other study sites. The mean concentra-

tions for heavy metals such as chromium (F2, 33 = 3.04, p = 

0.061), copper (F2, 33 = 0.64, p = 0.534), zinc (F2, 33 = 0.96, 

p = 0.393) and arsenic (F2, 33 = 0.49, p = 0.617) did not 

differ significantly among the study sites. However, the con-

centrations for cadmium (F2, 33 = 9.46, p = 0.001) and lead 

(F2, 33 = 5.95, p = 0.006) differed significantly among the 

study sites. Post Hoc Tukey test showed that Cd concentra-

tions for Nyagoto site differed significantly with those of 

Stadium and Karosi sites (p<0.05), while Pb concentrations 

for Nyagoto site differently significantly with Pb levels rec-

orded at Stadium (p = 0.004). 

3.4. River Water 

The mean concentrations of heavy metals in the river wa-

ter and in the panning ponds water were within the same 

range (0.0002 – 4mg/l). The downstream study site of river 

Nyangoto had the highest mean concentrations for all heavy 

metals (Table 3). In particular, copper (4.06mg/l), zinc 

(0.82mg/l) and arsenic (0.67mg/l) had higher mean values at 

the downstream site. Across the study sites, copper 

(1.40mg/l), zinc (0.34mg/l) and arsenic (0.22mg/l) had the 

highest mean values when compared to the other metals. 

There was significant difference in the concentration of 

heavy metals among the study sites (all p < 0.05). 
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Figure 1. Mean heavy metal concentrations (mg/l) in panning ponds water collected from the study sites. Vertical bars represent ± SE. 

Table 3. Mean (±SE) heavy metal concentrations (mg/l) in river water and WHO set guidelines. 

Study sites Cr Cu Zn As Cd Pb 

Upstream 0.031±(0.004) 0.064±(0.018) 0.098±(0.024) 0.005±(0.001) 0.0002±(0.000) 0.009±(0.002) 

Midstream 0.043±(0.007) 0.064±(0.015) 0.105±(0.030) 0.002±(0.0006) 0.0002±(0.00002) 0.008±(0.003) 

Downstream 0.184±(0.079) 4.058±(2.104) 0.824±(0.369) 0.666± (0.339) 0.004±(0.001) 0.098±(0.04) 

WHO limit 0.05 2.0 3.0  0.003 0.01 

F2, 33 3.45 3.60 3.78 3.79 3.85 3.78 

p-value 0.047 0.038 0.033 0.033 0.031 0.033 

3.5. Sweet Potatoes 

 
Figure 2. Mean heavy metal concentrations (mg/kg) in sweet potatoes obtained from Masaba and Kehancha markets in Kuria west sub-

county. Vertical bars represent ± SE. 

The average concentrations for heavy metals such as 

chromium (3.32mg/kg), copper (7.57mg/kg) and zinc 

(12.02mg/kg) were higher in sweet potatoes than in river 

water and panning ponds water. However, tailing samples 
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had higher average heavy metal concentrations than sweet 

potatoes. Zinc and copper had the highest (>7mg/kg) mean 

concentrations in sweet potatoes in the two sampling sites 

(Figure 2). The other heavy metals recorded had slightly 

lower concentration levels as follows; Arsenic (0.31mg/kg), 

Cadmium (0.08mg/kg) and lead (0.44mg/kg). The heavy 

metal concentrations did not differ significantly between the 

sites (p > 0.05). 

4. Discussion 

Arsenic had the highest mean concentration 

(2000.01mg/kg) in tailings when compared to the other 

heavy metals. Arsenic is a typical element in the environment 

and is often a significant constituent in gold deposits [30]. 

Despite the fact that gold can be found in gold nuggets, it is 

usually bound within minerals such as iron and arsenic-

containing minerals. These minerals are important in the 

formation of gold deposits and play a key role in concentra-

tion and accessibility of gold in natural deposits [31-33]. 

This may explain why high arsenic concentrations were rec-

orded in the tailings samples when compared to other heavy 

metals. 

The mean concentrations for heavy metals such as arsenic 

(946.45-2789.88mg/kg), zinc (54.17-118.07mg/kg), lead 

(31.71-366.21mg/kg), cadmium (0.32 – 1.85mg/kg), chromi-

um (34.14-87.42mg/kg) and copper (16.97-55.53mg/kg) in 

the current study are within the range reported by other stud-

ies in other regions of the world. For example, Bempah et al. 

[34] evaluated the concentrations of heavy metals in gold 

mine tailings in Ghana and found that the mean concentra-

tions of arsenic, copper and zinc were 1752mg/kg, 

92.17mg/kg and 177.6mg/kg, respectively. Another study by 

Enkhzaya et al. [35] evaluated heavy metals in gold mines 

tailings in Mongolia and found that arsenic had the highest 

mean concentration in tailing samples. The study also found 

that arsenic and lead concentrations ranged between 1346-

2970mg/kg and 115-685mg/kg, respectively. Another study 

conducted in Nigeria evaluated heavy metals in artisanal 

gold mine tailings and found that the mean values for lead, 

chromium and copper were 1733.03mg/kg, 2.27mg/kg and 

45.90mg/kg. The study also found that the mean values for 

lead exceeded the United States Environmental Protection 

Agency (USEPA) guidelines acceptable for lead in the soil 

(i.e., 200mg/kg) [36]. Mean lead concentrations in one of the 

study sites (i.e., Nyangoto 366.21mg/kg) in the current study 

also exceeded the USEPA values. The concentrations for 

heavy metals such as chromium and arsenic also exceeded 

the guidelines acceptable (i.e., 0.1mg/kg and 20mg/kg, re-

spectively) for agricultural soil by the WHO. This indicates 

that disposal of artisanal gold mines tailings into the envi-

ronment may lead to contamination of the soil as demon-

strated for other areas of the world such as Singida Region, 

Tanzania [37]. 

The mean concentrations for heavy metals such as lead, 

cadmium, zinc and arsenic were higher in tailings than in the 

ore samples. Gold ore samples contain minerals such as sul-

phosalts, sulphides and arsenides [38]. After weathering of 

rocks during processing of gold ore these minerals are re-

leased and may lower the pH of nearby environments. This 

leads to increased mobilization of heavy metals such as lead, 

cadmium and zinc [30, 39]. This may explain why high 

heavy metal concentrations were recorded in tailings than in 

the unprocessed ore. 

The concentrations of heavy metals in panning ponds wa-

ter were lower (<2mg/l) than in tailings. This finding indi-

cates that tailings have higher heavy metal concentrations 

and could potentially have a higher capacity to pollute the 

environment than panning ponds water. Other studies have 

also recorded lower heavy metal concentrations in artisanal 

gold mine waste waters. For example, Muhammad et al. [40] 

evaluated heavy metals concentration in artisanal gold mine 

waste waters and tailings and found that the mean concentra-

tions for lead, cadmium, chromium and copper ranged be-

tween 0.0001-0.83mg/l in the waste waters. On the other 

hand, the mean concentrations for the four heavy metals 

ranged between 0.005-1733.03mg/kg in the tailings. The 

concentrations of heavy metals exceeded the WHO and 

USEPA guidelines for heavy metals in drinking water and 

agricultural soil. 

The concentrations of heavy metals in panning ponds wa-

ter and river water were within the same range (0.0002-

4mg/l). Similarity in heavy metal concentrations between 

panning ponds water and river water could be due to the fact 

that panning ponds water was obtained from the nearby river 

(i.e., river Nyangoto). The downstream site of River Nyan-

goto had the highest heavy metal concentrations and this 

could be due to the close proximity (~ 20m) of the mine to 

the river. Tailings were piled near the river and this could 

have led to contamination of the river water by heavy metals. 

Tailings can be carried into water ways, such as rivers, by 

wind and run off. The recorded concentrations of heavy met-

als in river water in the current study are similar to those 

recorded by other previous studies. For example, Ning et al. 

[41] evaluated the concentrations of heavy metals such as 

lead, cadmium, zinc, copper, chromium and arsenic in a gold 

mining area in China and found that the concentrations 

ranged between 0.01 – 1.64mg/l. The results showed that the 

surface water of the gold mining area was highly polluted by 

mercury, zinc and cadmium and the concentrations of heavy 

metals depended on the distance from the pollution source. 

The mean concentrations for heavy metals such as chro-

mium, copper and zinc were higher in sweet potatoes than in 

panning ponds water or river water. This indicates that the 

sweet potatoes had higher mean heavy metal concentrations 

than environmental media. The possible reason for the rela-

tively high heavy metal concentrations in sweet potatoes 

could be due to accumulation of heavy metals in plant tissue 

from the environment. Previous studies have also reported 

accumulation of heavy metals in plants growing in gold min-
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ing areas. For example, Mkumbo et al. [42] evaluated heavy 

metals in indigenous plants growing in a gold mining area in 

Tanzania and found that plants growing in polluted soils ac-

cumulated heavy metals such as zinc, lead and copper. An-

other study conducted in Nigeria found that artisanal gold 

mining operations discharged heavy metals into the envi-

ronment and contaminated drinking water sources and food 

crops such as spinach, onions and sweet potatoes [43]. 

Therefore, contamination of the environment with heavy 

metals in artisanal gold mining areas can lead to accumula-

tion of potentially harmful elements in plants growing in 

polluted soil. 

5. Conclusions and Recommendations 

In conclusion, tailings had the highest heavy metal concentra-

tions compared to panning ponds water and river water. Sweet 

potatoes had lower heavy metal concentrations than tailings. 

However, sweet potatoes had higher heavy metal concentrations 

than river water or panning ponds water. 

To minimize contamination of the environment with heavy 

metals from gold mining operations, the following recom-

mendations are suggested: 

1) Taking into account the reality of economic conditions 

in Kuria West Sub-County, halting gold mining opera-

tions without alternative sources of livelihood is not re-

alistic. Therefore, attention should alternatively be 

placed on educating the miners about environmentally 

friendly mining practices. 

2) There is need for designation of specific areas where 

gold mining processes can be undertaken without pos-

ing significant threats to the environment and human 

health. 

3) Tailings and waste waters (i.e., panning ponds water) 

can be safely kept in containment ponds which mini-

mize the spread of potentially harmful elements into the 

environment. The tailings and panning ponds water 

should be treated before disposal. 

4) Former ore processing sites should be rehabilitated and 

should not be utilized as farmlands after mining opera-

tions have ceased. 

5) Measures should be undertaken by relevant government 

agencies to prevent processing of gold near sensitive 

areas such as drinking water sources and farmlands. 

6) Mining activities should be licensed and regulated by 

relevant government agencies. 

7) Continuous monitoring should be undertaken to deter-

mine heavy metal concentrations in areas close to gold 

mining sites. Additionally, further tests should be con-

ducted to ascertain the levels of heavy metals in soil 

and other plants grown in the area. 

8) Various regulations governing mining operations and 

environmental management should be implemented. 

9) All polluted mining sites should be remediated to pre-

vent further contamination of the environment. 
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