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Abstract 
A geospatial assessment of selected heavy metal concentration and associated 
human exposure risks in and around Chetambe Hills has been done in this 
study in soils at different depths using the Energy Dispersive X-ray Fluores-
cence (EDXF). 16 soil samples were collected at different depths and analyzed 
for elemental concentrations using the AXIL software. The heavy metals ana-
lyzed were Ni, Cu, Zn, Pb and As. Ni concentrations ranged from 289 ± 12.3 
ppm to 478.4 ± 2.3 ppm with an average of 409.1 ± 26.3 ppm which was higher 
than the permissible limit of 100ppm given by WHO. Cu heavy metal concen-
trations varied from a minimum of 33.6 ± 8.19 ppm to 383.1 ± 23.0 ppm with 
an average of 319.4 ± 17 ppm. Zn concentrations varied from 39.93 ± 0.8 ppm 
to 619.5 ± 34.8 ppm with an average of 125.8 ± 11.4 ppm. The heavy metal 
concentrations of Pb ranged from a minimum of 24.7 ± 1.5 ppm to a maximum 
of 159.2 ± 23 ppm with a mean of 60.4 ± 9.32 ppm, As concentrations ranged 
from 0.4 ppm to 7.1 ppm with an average of 0.7 ppm. The metal pollution in-
dices were also computed to assess the level of contamination for the five se-
lected heavy metals. Geo-accumulation assessment (Gaa) values ranged from 
0.12 (As) to 2.89 (Cu), corresponding to contamination levels from unpolluted 
to moderately polluted up to moderately to seriously polluted. From the study 
Cu and Ni showed the highest accumulation. Potential Ecological Risk (PER) 
values varied from 0.59 for As to 71.94 for Cu. Cu showed a moderate ecolog-
ical risk, while Ni, Zn, Pb, and As posed low risks. Synthesized Potential Eco-
logical Risk (SPER), was determined as 117.81, suggesting a moderate risk. This 
SPER value is an indication that while the ecosystem is not severely at risk, 
there is moderate risk, mainly from Cu and Ni concentrations since overall, the 
indices show that the study area is moderately polluted with Cu and Ni as the 
primary pollution risk contributors, while Zn, Pb, and As remain within safe 
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1. Introduction 

Heavy metals are elements that have metallic properties, their atomic number is 
greater than 20 and density above 5 g/cm3 [1]. Increase in some heavy metal con-
centrations in soils and water has been enhanced by industrialization, increase in 
population and human activities [2]. Over 10 million sites all over the world have 
been reported with soil pollution of heavy metals [3]. Anthropogenic activities 
especially agricultural activities have been linked to the highest percentage of en-
vironmental elemental pollution [4]. Natural processes like natural radioactivity 
have also been found as a basis for sources of heavy metals [2]. The most common 
contaminants of heavy metals are Ni, Zn, Pb, Cu, and As [5]. The presence of 
heavy metals in soils can also be associated with parent materials like those derived 
from metal-enriched serpentine and black shale [6]. Soil polluted with heavy met-
als results in human health risks, groundwater pollution and plant phytotoxicity 
[7]. In recent times, research on heavy metals in water and soils has been a matter 
of great concern to scientists. This is because they are non-biodegradable; at cer-
tain concentrations they are toxic and can find their way to human beings via the 
food chain [8]. Once consumed, the heavy metals get accumulated by the human 
body causing discomfort in the digestive system [9].  

According to [10], human exposure to heavy metals can cause stunted growth, 
kidney damage, cancer and eventually loss of life in cases of prolonged exposure. 
Despite some of the heavy metals helping in body metabolism, higher concentra-
tions can hinder the latter [11]. Excess levels of Pb in humans can lead to high 
rates of miscarriage, still births, infertility, permanent damage to the central nerv-
ous system, kidneys, cancer and even death among others in worst situations [12]. 
Long-term consumption of zinc beyond permissible levels can result in reduced 
iron stores [13]. High doses of copper cause anemia, liver damage, intestinal irri-
tation, neurological complications, and thyroid damage [14]. Continuous and 
prolonged exposure to heavy metals through the various pathways can result in 
accumulation in the body organs hence disrupting biochemical processes [15]. 

Therefore, this study was done to assess the elemental concentrations of the 
selected heavy metals in soils at different depths in and around Chetambe Hills, 
Kenya. The assessment of levels of the selected heavy metals in soils was important 
to ascertain the levels of concentration in the study area and hence bring attention 
to the general population on the importance of environmental conservation. The 
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study also intended to inform the various stakeholders in environmental manage-
ment authorities on the level of heavy metal pollution in the study area hence 
providing a reference for remediation programs that can enhance environmental 
sustainability. 

2. Materials and Methods 
2.1. Study Area 

Chetambe Hill is located in Mihuu location, Bungoma East Sub-County, Bungoma 
County. Bungoma County has a population of 1670540 persons with 552 persons 
per Km2 and an average household of 4.6 persons. Bungoma East Sub-County where 
the study area is located has a population of 114, 548 persons [16]. Bungoma County 
has an estimated size of 2207 km2 of which Chetambe Hills covers approximately 
58 km2 [17]. The Hills are part of the Nandi escarpment extending from Mount 
Elgon southwards to Muhoroni Sub-County [18]. The Hills rise steeply to a height 
of 1685 m above sea level. Chetambe Hills area was previously called the Broderick 
Falls area bounded by latitudes 0˚30"N and 1˚00"N and by longitudes 34˚30"E and 
35˚00"E [19]. There are various activities that are undertaken at the study that can 
be a cause for the high levels of heavy metals: pan paper mills (currently RAI pa-
per), agricultural activities, Jua kali industries (welding, motor garage), Airstrip, 
quarrying among others. (See Figure 1) 
 

 
Figure 1. Location of study area (source: Survey of Kenya, 1969).  
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2.2. Soil Sample Collection and Preparation for Selected Heavy 
Metal Concentrations 

A total of 16 soil samples of about 500 g each at different depths were collected at 
different locations of the study area. The sampling points were recorded using a 
handheld Global Positioning System (GPS) model. The depth of soil sampling was 
0 - 9 cm, 10 - 19 cm and 20 - 30 cm. Pebbles, grass and roots were removed from 
the soil sample then dried, ground to a fine powder, and sieved through a 2.00 mm 
sieve. A small amount of 0.4 g was weighed using the electronic weighing balance. 
The soil sample was homogenized using the mixer and made into a pellet using 
the pellet dice with a pressure of 100,000 Pa from a hydraulic press machine. The 
pellet formed (2.5 cm) in diameter was then analyzed using EDXRF spectrometer 
and Amptek XRF kit.  

3. Experimental Procedures 
3.1. Energy Dispersive X-Ray Fluorescence Spectrometer (EDXRF) 

When elements are subjected to sufficient amount of external energy, they emit 
radiation on impact with fast-moving particles like electrons, protons and neu-
trons [20]. The EDXRF consists of a gamma ray detector, pre-amplifier, linear 
amplifier, MCA, personal computer and printer. Energy Dispersive X-ray Fluo-
rescence spectrometer works by bombarding a sample with high-energy X-rays, 
which causes the sample’s atoms to emit characteristic X-rays of lower energy. 
These emitted X-rays are detected and analyzed to determine the elemental com-
position of the sample. The X-ray tube generates primary X-rays that bombard 
the sample. The generated primary X-rays interact with the atoms in the sample, 
thereby ejecting inner-shell electrons creating vacancies in the inner electron 
shells, and electrons from higher energy levels quickly fill these vacancies. As elec-
trons move to lower energy levels, they release energy in the form of characteristic 
X-rays, which are unique to each element; an X-ray fluorescence phenomenon 
[21]. An energy-dispersive detector measures the energy and intensity of the emit-
ted X-rays by sorting them by energy, and a Multi-Channel Analyzer (MCA) 
counts the number of X-rays at each energy level, creating an X-ray spectrum. The 
energy of each peak in the spectrum corresponds to a specific element, while the 
intensity corresponds to the concentration of that element in the sample [22]. The 
characteristic x-rays are unique for each element, thus representing a particular 
element. The EDXRF consists of 219Cd that was used for excitation of the sample 
to produce particular X-rays, while Silicon Lithium detector was used to detect X-
rays with energy resolution between 170 electron volts and 200 electron volts at 
5.9 kilovolts. 

3.2. Calibration of EDXRF Spectrometer 

Calibration of the EDXRF spectrometer was done by using IAEA reference mate-
rial soil 7 [23]. The elemental concentrations of the radionuclides were deter-
mined using EDXRF analytical technique [24]. 
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3.2.1. Determination of Elemental Concentrations in the Soil Samples 
The elemental concentrations in the soil samples were determined using AXIL 
software. Spectral acquisition of each pellet was done followed by spectral analysis 
by fitting the spectrum both with and without target where elemental concentra-
tion and identification of individual elements were done. Finally, quantitative 
analysis was done to quantify the individual elements using the emission trans-
mission method. The quantification was done for all the pellets then an average 
was taken. The elemental concentrations of selected heavy metals were then used 
in determining metal pollution indices to ascertain the level of contamination of 
the soils. 

Metal Pollution Indices. 
Geo-accumulation assessment (Gaa), Potential Ecological Risk (PER) and Syn-

thesized Potential Ecological Risk (SPER) metal pollution risks were calculated in 
selected heavy metals (Ni, Cu, Zn, As and Pb). 

Geo-accumulation assessment (Gaa) 
The Gaa calculated was used to evaluate metal pollution levels for Ni, Cu, Zn 

and Pb in the soil samples by measuring the enrichment of the heavy metals above 
the background levels. The Geo-accumulation assessment was determined using 
Equation (1) [25].  

 log 2
1.5

i

i

C
Gaa

B
 

=  
 

 (1) 

where Ci is the measured metal concentration i and Bi is the concentration of the 
background value of element i, the coefficient 1.5 is the background matrix cor-
rection. The metal pollution levels were classified according to [25]. 

Potential Ecological Risk (PER) 
The potential ecological risk was assessed to show the level of contamination 

risk for each of the selected heavy metals (Pb, Cu, Ni, As and Zn) to the environ-
ment following Equation (2) [26]. 
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where Ci is the measured metal concentration i and Bi is the concentration of the 
background value of element i, Ti is the biological toxic factor for metal i. The 
biological toxic factors for Ni, Cu, Zn, Pb and As are 5, 5, 15 and 1 respectively. 

3.2.2. Synthesized Potential Ecological Risk (SPER) 
The synthesized potential ecological risk was determined to reveal the overall en-
vironmental hazard of selected heavy metals. It was the summation of the poten-
tial ecological risks. SPER was computed using Equation (3) [25]. 

 
n

i
SPER PER= ∑  (3) 

The determination of elemental concentrations of selected heavy metals in se-
lected soil samples was done using AXIL software by spectral acquisition, spec-
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trum analysis (individual elemental concentration identification of elements) and 
finally quantification. The elemental concentrations are represented in Table 1. 
 

Table 1. Elemental concentrations of selected heavy metals in selected soil samples in this study. 

S/p S/NO 
Depth 
(cm) 

Activity Long (E) Lat (N) Ni (ppm) Cu (ppm) Zn (ppm) Pb (ppm) As (ppm) 

A S1 0 - 9 Air strip 34˚46.17′ 0˚43.22′ 416 ± 22.38 347 ± 7.5 64 ± 6.0 29 ± 4.9 7 ± 0.0 

C S7 0 - 9 Water spring 34˚37.29′ 0˚36.18′ 441 ± 28.7 359 ± 23.8 79 ± 9.1 34.5 ± 7.0 1 ± 0.7 

D S10 0 - 9 
Hospital/ 

school 
34˚45.31′ 0˚36.20′ 371.9 ± 19.0 321.0 ± 16.0 72.5 ± 3.27 30.3 ± 4.49 2.1 ± 1.60 

E S13 0 - 9 Webuye town 34˚44.32′ 0˚35.21′ 389.6 ± 23.6 355.1 ± 19.0 394.2 ± 23.2 101.2 ± 8.3 0.8 ± 0.01 

E S14 10 - 19 Webuye town 34˚44.32′ 0˚35.21′ 371.1 ± 23.6 348.6 ± 21.6 619.5 ± 34.5 81.0 ± 3.47 1.5 ± 0.32 

I S25 0 - 9 
Ppm ponds 

(kales) 
34˚45.38′ 0˚31.32′ 478.4 ± 21.3 366.7 ± 7.28 82.4 ± 4.62 74.5 ± 6.89 1.6 ± 0.96 

J S27 20 - 30 
Ppm ponds 

(kales) 
34˚45.38′ 0˚31.32′ 466.1 ± 30.0 108.3 ± 10.6 53.9 ± 2.73 153.7 ± 17.0 - 

J S28 0 - 9 
Ponds (nappier 

grass) 
34˚45.39′ 0˚31.35′ 442.7 ± 28.3 381.8 ± 19.2 72.8 ± 2.40 36.4 ± 1.46 4.2 ± 0.63 

J S29 10 - 19 
Ponds (nappier 

grass) 
34˚45.39′ 0˚31.35′ 420.5 ± 26.3 383.1 ± 23.0 81.0 ± 6.84 28.7 ± 5.24 7.1 ± 4.00 

K S30 20 - 30 
Ponds (nappier 

grass 
34˚45.39′ 0˚31.35′ 289.6 ± 12.3 249.87 ± 14 39.93 ± 0.8 24.7 ± 1.5 - 

L S35 10 - 19 Cowpeas 34˚49.39′ 0˚34.36′ 395.5 ± 56.1 136.7 ± 16.6 59.3 ± 10.36 159.2 ± 23 1.8 ± 0.3 

M S38 10 - 19 
Nabuyole 
primary. s 

34˚48.42′ 0˚35.37′ 409.6 ± 26.8 33.6 ± 8.19 78.4 ± 1.43 45.2 ± 6.62 0.4 ± 0.00 

N S41 0 - 9 
Nabuyole 

quarry 
34˚46.41′ 0˚36.38′ 382.6 ± 3.06 339.5 ± 11.0 64.8 ± 5.5 46.0 ± 5.78 0.9 ± 0.00 

N S42 20 - 30 
Nabuyole 

quarry 
34˚46.41′ 0˚36.38′ 435.3 ± 14.4 373.9 ± 22.6 113.7 ± 10.0 50.8 ± 4.53 0.4 ± 0.00 

P S46 0 - 9 Chetambe hill 34˚46.41′ 0˚34.38′ 414.4 ± 27.0 345.7 ± 22.5 74.6 ± 7.56 33.5 ± 6.04 4.9 ± 5.27 

P S48 20 - 30 Chetambe hill 34˚46.41′ 0˚34.38′ 420.9 ± 26.3 360.6 ± 17.4 62.5 ± 6.31 37.6 ± 5.33 2.3 ± 0.47 

AVE      409.1 ± 26.3 319.4 ± 17 125.8 ± 11.4 60.4 ± 9.32 2.7 ± 0.14 

 
From Table 1, Ni concentrations ranged from 289 ± 12.3 ppm (S30) to 478.4 ± 

2.3 ppm (S25) with an average of 409.1 ± 26.3 ppm which was higher than the 
permissible limit of 100 ppm given by [27] which is indicative of widespread con-
tamination. The Ni concentrations at all the sampling points and depths exceeded 
the world permissible limit. The relatively high and consistently higher levels of 
nickel in the study area could be attributed to geogenic baseline. For the samples 
from the ponds, the high Ni levels can be attributed to the industrial waste from 
the pulp and paper (RAI) factory and urban waste from Webuye town. The in-
dustrial waste from the factory is treated at the ponds before being let into river 
Nzoia while urban waste from Webuye town including wastes from jua kali sec-
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tors (garages and welding) and households, is carried by surface run off to the 
pond area enriching the site with nickel. 

Cu heavy metal concentrations varied from a minimum of 33.6 ± 8.19 ppm to 
383.1 ± 23.0 ppm with an average of 319.4 ± 17 ppm. All the samples had higher 
values of Cu concentrations except S38, which was below the recommended 
100ppm by [28]. The higher levels of Cu across the sampling points could be a 
reflection of fertilizer or pesticide application, geological setup of the study area 
and waste from engines. 

Zn concentrations varied from 39.93 ± 0.8 ppm to 619.5 ± 34.8 ppm with an 
average of 125.8 ± 11.4 ppm, which was below the world limit of 300 ppm [27]. 
However, the very high values in S13 (394.2 ± 23.2 ppm) and S14 (619.5 ± 34.8) 
may suggest high Zn contamination from anthropogenic input (garage). 

The heavy metal concentrations of Pb ranged from a minimum of 24.7 ± 1.5 
ppm to a maximum of 159.2 ± 23 ppm with a mean of 60.4 ± 9.32 ppm, which was 
within the international limit of 100 ppm [29]. Four samples were above the per-
missible limit: S13, S14, S27 and S35, which could be attributed to fuels (S13, S14), 
battery depositions and paints (S35). 

As concentrations ranged from 0.4 ppm to 7.1 ppm with an average of 0.7 ppm. 
All samples recorded low values except for S1 (7.0 ppm) at the airstrip and S29 
(7.1 ppm) at the ponds with some samples recording no concentration S27 and 
S30. It’s also worth noting that the As concentrations did not depend on depth 
since there was no specific trend in the concentrations with depth. 

From the above discussions on the results of selected heavy metal concentra-
tions, it can be deduced that the concentrations do not assume a specific trend 
and therefore exhibit a spatial distribution at different depths at the different sam-
pling points. 

For a comprehensive discussion of the selected heavy metals, correlation graphs 
for Ni/Cu and Zn/Pb were also drawn; Figure 2 and Figure 3 respectively. 
 

 
Figure 2. Correlation graph of Cu (ppm) and Ni (ppm) of selected soil samples in 
this work. 
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Figure 3. Correlation graph of Pb (ppm) and Zn (ppm) of selected soil samples. 
 

From Figure 2 and Figure 3, R2 = 0.0118 and R2 = 0.0494, it is clear that the 
relationship between Ni/Cu and Zn/Pb is very weak. 

The Geoaccumulation assessment (Gaa), Potential Ecological Risk (PER), and 
Synthesized Potential Ecological Risk (SPER) were evaluated for heavy metals Ni, 
Cu, Zn, Pb and As pollution in soil samples using Equations (1), (2) and (3) re-
spectively. The results obtained were classified according to Table 2 and Table 3 
after being tabulated in Table 4. 
 

Table 2. Metal pollution level classification for Gaa [25]. 

 Level Classification 

1 <0 Unpolluted 

2 0 - 1 Unpolluted to moderately polluted 

3 1 - 2 Moderately polluted 

4 2 - 3 Moderately to seriously polluted 

5 3 - 4 Seriously polluted 

6 4 - 5 Seriously to extremely polluted 

7 >5 Extremely polluted 

 
Table 3. Classification of PER and SPER risk indices [30]. 

Sn PER levels Classification (PER) SPER levels Classification (SPER levels) 

1 <40 Low risk <150 Low risk 

2 40 - 80 Moderate risk 150 - 300, Moderate risk 

3 80 - 160 High risk 300 - 600 High risk 

4 160 - 320 Serious risk 600 - 1200 Serious risk 

5 >320 Severe risk >1200 Severe risk 
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Table 4. Metal pollution indices Gaa, PER and SPER [25] [30]. 

Metal (Ci) (Bi) (Ti) Gaa Pollution classification (Gaa) PER 
Potential ecological 

risk (SPER) 

Ni 409.1 56.97 5 1.44 Moderately polluted 35.90 Low risk 

Cu 319.4 22.20 5 2.89 Moderately to seriously polluted 71.94 moderate risk 

Zn 125.8 47.42 1 0.53 
Unpolluted to 

moderately polluted 
2.65 Low risk 

Pb 60.4 44.87 5 0.27 
Unpolluted to moderately 

polluted 
6.73 Low risk 

As 2.7 4.6 1 0.12 
Unpolluted to moderately 

polluted 
0.59 Low risk 

Average 1.05 Moderately polluted 

∑𝑛𝑛 PER= 
n = 1 

= 
117.81 

Moderate risk 

 
From Table 4, Gaa values ranged from 0.12 (As) to 2.89 (Cu), corresponding 

to contamination levels from unpolluted to moderately polluted up to moderately 
to seriously polluted. With reference to the classification in Table 2, the mean Gaa 
value of 1.05 is an indication that the study area is overall moderately polluted. 
From the study, Cu (2.89) and Ni (1.44) showed the highest accumulation, which 
can be attributed to the anthropogenic inputs such as industrial emissions (from 
collapsed Pan Paper mills), vehicular activities and runoff from agricultural fields 
[31]. On the other hand, As, Zn and Pb had Gaa values less than 1, which may 
mainly be from natural sources [32]. 

PER values varied from 0.59 for As to 71.94 for Cu. From the classification in 
Table 3, Cu showed a moderate ecological risk, while Ni, Zn, Pb, and As posed 
low risks. The relatively high PER for Cu could be due to its greater environmental 
mobility and bioavailability, in addition to its common use in industrial and agri-
cultural processes [31].  

SPER, was determined as 117.81, suggesting a moderate risk. This SPER value 
is an indication that while the ecosystem is not severely at risk, there is moderate 
risk, mainly from Cu and Ni concentrations since overall, the indices show that 
the study area is moderately polluted with Cu and Ni as the primary pollution risk 
contributors, while Zn, Pb, and As remain within safe limits. There is a need for 
continuous monitoring to prevent further accumulation and to alleviate potential 
long-term ecological risks [26] [33]. 

4. Conclusions and Recommendations 

Ni concentrations ranged from 289 ± 12.3 ppm to 478.4 ± 2.3 ppm with an average 
of 409.1 ± 26.3 ppm which was higher than the permissible limit of 100 ppm which 
is indicative of widespread contamination. The Ni concentrations at all the sam-
pling points and depths exceeded the world permissible limit. Cu heavy metal 
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concentrations varied from a minimum of 33.6 ± 8.19 ppm to 383.1 ± 23.0 ppm 
with an average of 319.4 ± 17 ppm. All the samples had higher values of Cu con-
centrations except S38, which was below the recommended 100 ppm. Zn concen-
trations varied from 39.93 ± 0.8 ppm to 619.5 ± 34.8 ppm with an average of 125.8 
± 11.4 ppm, which was below the world limit of 300 ppm. The heavy metal con-
centrations of Pb ranged from a minimum of 24.7 ± 1.5 ppm to a maximum of 
159.2 ± 23 ppm with a mean of 60.4 ± 9.32 ppm, which was within the interna-
tional limit of 100 ppm. As concentrations ranged from 0.4 ppm to 7.1 ppm with 
an average of 0.7 ppm. All samples recorded low values except for S1 (7.0 ppm) at 
the airstrip and S29 (7.1 ppm) at the ponds with some samples recording no con-
centration S27 and S30. It’s also worth noting that the As concentrations did not 
depend on depth since there was no specific trend in the concentrations with 
depth. The selected heavy metal concentrations suggested that mostly anthropo-
genic pollution from industrial waste and agrochemicals had affected the soils in 
the study area. 

Gaa values ranged from 0.12 (As) to 2.89 (Cu), corresponding to contamination 
levels from unpolluted to moderately polluted up to moderately to seriously pol-
luted. With reference to the classification in Table 2, the mean Gaa value of 1.05 
is an indication that the study area is overall moderately polluted. On the other 
hand, As, Zn and Pb had Gaa values less than 1, which may mainly be from natural 
sources.  

PER values varied from 0.59 for As to 71.94 for Cu. From the classification in 
Table 3, Cu showed a moderate ecological risk, while Ni, Zn, Pb, and As posed 
low risks. SPER, was determined as 117.81, suggesting a moderate risk. This SPER 
value is an indication that while the ecosystem is not severely at risk, there is mod-
erate risk, mainly from Cu and Ni concentrations since overall, the indices show 
that the study area is moderately polluted with Cu and Ni as the primary pollution 
risk contributors, while Zn, Pb, and As remain within safe limits. 

The study recommends continuous monitoring of heavy metals in soils espe-
cially Ni and Cu, in the study area to prevent further accumulation and to alleviate 
potential long-term ecological risk. The study further recommends phytoremedi-
ation programs in the study area to enhance environmental sustainability. 
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