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Abstract: Intensified agricultural activities in Kenya over the past few years has led to an increased and persistent use of fertilizers, 
pesticides, manure, use of machinery in order to increase yield for economic development and achieve the goals of vision 2030. Large 
quantities of agrochemicals are regularly added to soils in intensive farming systems to provide adequate nutrients for plant growth. The 
compounds used to supply these elements contain trace amounts of heavy metals (e.g., Cd and Pb) as impurities, which, after continued 
fertilizer application may significantly increase their content in the soil. There is need to study impact of intensive use of use of 
agrochemicals in the farms. Therefore, this study set out to determine the concentrations of the different heavy metals in the soil from 
agricultural farms of Homa Hills, Homa Bay County. The soil samples were obtained from two agro-ecological zones LM3 (Lower 
Midland3) and LM4 (Lower Midland 4) zone, around the areas of intense maize farming. Six farms in each zone were randomly selected 
to obtain soil samples. Sampling was done twice; for the dry and wet seasons. Different samples were also collected at two different 
sampling depths (0-10cm and 11-20cm) for each sampling point. The concentrations of selected heavy metals for each sample were 
determined using Inductive couple plasma. Data was presented using tables and figures. T-test was used to compare the variation of 
heavy metal concentration in the different agro-ecological zones and the different sampling depths. The results obtained showed that the 
mean concentration of Pb, Cd, Co, Zn and Cu ranged between 17.7–31.7 ppm, 7.3–8.3 ppm, 2.5–5.0 ppm, 4.5–30.5 ppm, 10.7–13.3 ppm 
respectively in LM3at the depth of (0-10cm and 11-20cm). In LM4 the mean concentration of Pb, Cd, Co, Zn and Cu ranged 
between17.75–35.5 ppm, 7.08–8 ppm, 4.9–5.3 ppm, 4.25–17.16 ppm, 12.41–19.25 ppm respectively at the depth of (0-10cm and 11-20cm. 
The concentrations of Zn, Cd, and Pb in soil sample exceeded WHO limits. The 10–20 cm depth had higher concentrations as compared 
to 0–10 cm sampling depth this could be due to leaching of heavy metals to the lower strata. Finally, the concentrations were higher 
during the wet season as compared to the dry season. From the findings, farmers are from this area are advise to avoid using chemicals 
that introduce such elements to the soil. 
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1. Introduction 

Heavy metal contamination is a major concern for ecosystem 
in general. Industrial sources of heavy metals include 
smelting, mining, usage of sewage sludge and fertilizers are 
different sources of contamination (Filgueiras et al., 2002).
Mining, phosphate fertilization, lime application, utilization 
of biosolids, compost manures, sludge, pesticides and 
through atmospheric depositions are sources for heavy 
metals contamination of the soil  (Raven et al., 1998). 

Heavy metal is comprises elements such as metalloids, 
transition metals, actinides, and lanthanides. Fu & Wang 
(2011) defined heavy metals based on their high atomic 
weights and relative toxicity.  It can also be also be defined 
as those having a specific density of more than 5 g/cm3 
(Suciu et al., 2008) and (Jarup, 2003). This include metal 
such lead, cadmium, copper, zinc, chromium and mercury 
which are major environmental pollutants (Nagajyoti et al., 
2010).

Prolonged exposure to heavy metals such as cadmium, 
copper, lead, nickel and zinc can cause deleterious health 
effects in humans (Dummee et al., 2012). Long-term 
exposure Cadmium causes kidney disease, lung damage, and 
fragile bones (Mebrahtu and Zerabruk, 2011) and (Yeung 
and Hsu, 2005). Lead can causes high rates of miscarriage, 
still births, infertility, permanent damage to the central 

nervous system, brain, kidneys, cancer and even causes death 
among others (Momodu & Anyakora, 2010; Araki et al,
2000). Long-term consumption of excess zinc may also 
result in decreased iron stores (Hughes and Samman, 2006).
High doses of copper cause anaemia, liver damage, kidney 
dysfunction, stomach and intestinal irritation, neurological 
complications, hypertension and liver and kidney 
dysfunctions, lung cancer, pneumonia, heart problems and 
thyroid damage (Kim et al., 2006) and (Lenntech, 2011). 
Acute exposure to cobalt could cause reproductive and 
developmental effects (Kim et al., 2006). 

Among these anthropogenic activities, agricultural activities 
have been found to be contributing the greatest percentage in 
the environmental heavy metals pollution in Kenya 
(Omwoma et al., 2010; Nyairo et al, 2015). Kenya's 
economy primarily depends on agriculture where over a 
large percent of the population live in rural areas and derive 
their livelihoods mainly from these agricultural activities. 
Herbicides, pesticides and inorganic fertilizers contain 
different levels of heavy metals and thus, their use in an 
endeavor to achieve and sustain high crop yields contributes 
greatly to heavy metal contamination in the soils, surface 
water as well as ground water sources. A study done by 
Mungai et al., (2016) on the occurrences and toxicological 
risk assessment of eight heavy metals in agricultural soils 
from Kenya found out the mean values of eight heavy 
metals were close to the toxicity threshold limit of USEPA 
standard values of agricultural soils, indicating potential 
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toxicological risk to the food chain. He further stated that 
the intensification of human agricultural activities, the 
growing industrialization, and the rapid urbanization largely 
influenced the concentration levels of heavy metals in 
Kenya, Eastern Africa. Moreover Heavy metals are known 
to accumulate in the plants then passed to the humans 
through the food chain. Prolonged consumption of unsafe 
concentrations of heavy metals through foodstuffs may lead 
to the accumulation of heavy metals in the humans causing 
disruption of numerous biochemical processes (Njagi, 2013).

Therefore, this study set out to determine the concentrations 
of the different heavy metals in the agricultural farms of 
Homa Bay County. The determination of levels of these 
heavy metals in soils was crucial for sensitizing the general 
population on the importance of environmental conservation. 
The study intends to inform the authorities in environment 
management on the level of heavy metal pollution in the 
county hence providing a reference for mitigation efforts. 
Information obtained from this study can be used by the 
community and other development agents to find alternative 
farming practices that ensure environmental sustainability.

2. Methodology 

The study was conducted in Homa Hills, Homa Bay County 
(HBC). HBC is an administrative county in the Nyanza 
Province of Kenya. Its capital town is Homa Bay. It consists 
of six administrative sub- counties namely: Ndhiwa, 
Rachuonyo North, Mbita, Rachuonyo South, Suba, and 
Homa Bay itself. The county borders the Siaya County to the 
North, Kisumu County to the North-East, Kisii County to the 
South-East and Migori County to the South and Republic of 
Uganda to the West (Osumba et al., 2011).

Purposive sampling was utilized to select two agro-
ecological zones around the areas of intense farming. In 
Karachuonyo constituency, Rachuonyo North Sub-County 
(0° 30′ 0″ S, 34° 43′ 0″ E) two zones were selected, these are 

Kanam B location, It falls under LM3 (Lower Midland 3) 
agro-ecological zone, where sorghum growing is pre 
dorminant and Kokoth Katang location, that falls under LM4

(Lower Midland 4) zone, where farming is extensively 
practiced. Two sub-locations in the locations were randomly 
selected as well; including Kanyango and Rabuor sub-
locations in Kanam B Location and Kokoth B and Koredo 
Sub-Locations in Kokoth Katang Location. 

Six farms in each zone were selected to obtain soil samples. 
Sampling was done twice; for the dry season (February - 
March) before planting and the long rainy season (April - 
July) after planting. Individual samples were collected from 
three locations in each farm, in a transect, representing 
locations that are uniformly distributed across the 
representative portion of the farm. These included two 
samples at the periphery of the farm and one sample in the 
middle. A transect sampling pattern was used for field 
sampling. To ensure that a uniform volume of soil is taken 
through the full depth of each sampling, increment samples 
were collected using soil augers, that were kept clean and 
rust free. Plastic spades were be used to collect soil samples 
from two depths; 0-10 cm and 11-20 cm to coincide with the 
planting depth of maize and stored in labeled polythene bags. 
The two depths were chosen in order to assess the effect of 
depth on the heavy metals and also to assess the persistency 
of the heavy metals. The samples were transported to Kenya 
Agricultural Research Institute (KARI) laboratories where 
analysis was done. 

In the laboratory, the concentration of Zn, Pb, Cd and Cu for 
each sample were ascertained using Inductive couple 
plasma-Mass spectrometer using the standard procedure 
stipulated by (Melaku at al., 2005). Data was presented using 
tables and figures. T- test was used to compare the variation 
of heavy metal concentration in the different agro-ecological 
zones and the different sampling depths. 

3. Results and Discussion 

Heavy Metals Concentrations in the Soil Samples 

The concentrations of the heavy metals in the sampling 
zones are shown below in figure 1 and 2 below: 

Figure 1: The mean concentration of heavy metals in soil sample in Homa Bay County for LM3

The results obtained showed that the mean concentration of Pb, Cd, Co, Zn and Cu in LM 3 ranged between17.7–31.7 ppm, 
7.3–8.3 ppm, 2.5–5.0 ppm, 4.5–30.5 ppm, 10.7–13.3 ppm respectively. 
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Figure 2: The mean concentration of heavy metals in soil sample in Homa Bay County for LM4

The results obtained showed that the mean concentration of Pb, Cd, Co, Zn and Cu ranged between17.75–35.5 ppm, 7.08–8
ppm, 4.9–5.3 ppm, 4.25–17.16 ppm, 12.41–19.25 ppm respectively.

Therefore, the highest concentration of selected heavy metal 
in LM4 at the depth of 10-20 cm was Pb (35.5) ppm while 
the lowest was Zn (4.25) ppm (Figure 1). Few of the heavy 

Metal sample concentration in LM4 agro-ecological zone,
these include Cd, Pb and zinc exceeded the WHO standard 
3ppm, 100ppm and 70ppm in soil (Ezeh and Chukwu, 2011).

The results indicate that the highest mean concentration in 
the two agro-ecological zone during the dry season was Cu 
(21.2 ppm) at the depth of 11-20 cm in LM4  followed by Pb 
with a concentration of (18.0 ppm) and the minimum value 
being Zn (3.7 ppm) at the depth of 0-10cm in LM4. This 
finding collaborate with the findings of Romic and Romic, 
(2003) who asses heavy metals distribution in agricultural 
top soils in urban area and Wong et al., (2002) who studied 
heavy metals in agricultural soils of the Pearl River Delta, 
South China.

During the wet season Pb had the highest mean 
concentration of (39.5 ppm) in LM4 at the depth of 11-20
cm.While the lowest concentration during the wet season 
was Co (2.5 ppm) at the depth of 11-20 cm. This study 
collaborate with the study done by Ngure, (2013) who found 
that during the wet season  in Kahoya Eldoret the highest 
metal was Pb. The average concentrations of Cd in soil 
sample exceeded WHO standards of 3 ppm (Adelekan and 
Abegunde, 2011). The acceptable toxic levels in soils for 
purposes of agriculture are: Cu, 60  ppm ; Pb, 100 ppm; Zn,
70 ppm; Co, 35 ppm;. The findings were in line with those of 
Bortey-Sam (2015) who assessed the concentrations of 
heavy metals and metalloid in soils from agricultural soils 
around Tarkwa area in Ghana and found that the 
concentrations of Cd, Cu and Co had exceeded the set 
standards.

The high level of the lead in the soils may be due to the 
volcanic activities in the area and also due to use of 
agrochemicals. The Pb concentrations recorded from this 
study were generally higher than the Pb concentrations 
reported by Salano (2014) who assessed heavy metals 
pollutions in soil and water in Samburu County. Cadmium 
concentration reported from the region exceeded the  
recommended concentration in the soils of 3 ppm (Adelekan 
and Abegunde, 2011). The levels of Cd were in line with 
concentration levels reported by (Mungai et al., 2016). This  
may have been due to the intensive application of phosphatic  
and nitrogen fertilizers such as Di-Ammonium Phosphate, 

Calcium Ammonium Nitrogen and Nitrogen Phosphate  
potassium fertilizers application which adds Cd and other 
toxic elements to the soil, including  mercury, lead and 
fluorine (Onder et al., 2007; Raven et al., 1998).

Comparison of the Variation of Concentrations between 
the two Sampling Depths 
To determine whether there existed significant differences in 
the concentration of heavy metals in the two sampling 
depths, a t-test was conducted. The results are presented 
below: 

Table 1: t- test results comparing the two sampling depths in 
HB County for dry season

t Df Significance (2-tailed) Mean Difference
Pb 0 22 1 0
Cd 0.69 22 0.497 0.333
Co 1 22 0.328 0.083
Zn 1.24 22 0.228 0.417
Cu 1.1 22 0.283 6.8333

According to the t-test results above, the p values of Pb, Cd, 
Co, Zn and Cu were 1.000, 0.497, 0.328, 0.228 and 0.283 
respectively. All these values were above the 0.05 
significance level indicating that the concentration of heavy 
metals for the two sampling depths (0 – 10 cm and 11 – 20
cm) for season 1 was not significant at 95% confidence level.  
This is attributed to the fact that most of the heavy metals 
have high leeching capacity and thus percolate to lower 
layers of the soil strata over tile once in the soils. In addition, 
most of the heavy metals are highly persistent in the soil and 
thus significant concentrations will be found long time after 
use. These findings are in line with those of (Gowd et al,
2010; Rattan et al. (2005) and Tuzen (2003) who did a 
determination of heavy metals in soil in India, Delhi and 
Turkey respectively.

To determine whether there existed significant differences in 
the concentration of heavy metals in the two sampling 
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depths, a t-test was conducted. The results are presented 
below: 

Table 2: t- test results comparing the two sampling depths in 
HB County for wet season

t Df Significance (2-tailed) Mean Difference
Pb 0.21 22 0.836 2.167
Cd 0.27 22 0.789 0.503
Co 0.09 22 0.929 0.25
Zn 1.57 22 0.131 12.92
Cu 0.05 22 0.961 0.083

According to the t-test results above, the p values of Pb, Cd, 
Co, Zn and Cu were 0.836, 0.789, 0.929, 0.131 and 0.961 
respectively. All these values were above the 0.05 
significance level indicating that the concentration of heavy 
metals for the two sampling depths (0 – 10 cm and 11 – 20
cm) for season 2 was not significant at 95% confidence level. 
This is attributed to the fact that Pb, Cd, Co, Zn and Cu have 
high leeching capacity and thus percolate to lower layers of 
the soil strata over tile once in the soils. In addition, most of 
the heavy metals are highly persistent in the soil and thus 
significant concentrations will be found long time after use. 
These findings are in line with those of Pandey and Pandey 
(2003), Peris et al. (2007) and Turer et al. (2001) who 
assessed heavy metal contamination in soils in India, Europe 
and Ohio, USA respectively. 

Comparison of the Variation of Concentrations between 
the two Sampling Seasons 
To determine whether there existed significant differences in 
the concentration of heavy metals for the two seasons at the 
depth of (0-10cm), a t-test was conducted. The results are 
presented below: 

Table 3: t- test results comparing the dry and wet season in 
HB County for depth 0-10cm

t Df Significance (2-tailed) Mean Difference
Pb 2.11 22 0.046 17.8333
Cd 0.63 22 0.535 0.9167
Co 0.23 22 0.82 0.4167
Zn 0.14 22 0.889 0.083
Cu 0.41 22 0.686 0.667

According to the t-test results above, the p values of Pb, Cd, 
Co, Zn and Cu were 0.046, 0.535, 0.820, 0.889 and0.686 
respectively. All these values were above the 0.05 
significance level except for Pb indicating that the difference 
in concentration of heavy metals for the two seasons was not 
significant at 95% confidence level.  These results are 
attributed to the fact that some farmers utilize the land in the 
first season only. In the second season, only few farmers re-
cultivate their land. This thus implies that the concentration 
of the different heavy metals in different areas isn’t affected 
significantly. These findings are in line with those of Nabulo 
et al. (2008), Nicholson et al. (2003), Micó et al.,2006) and 
Atafar et al. (2010) who assessed concentrations of heavy 
metals in agricultural fields in Western Kenya, South Wales ,
Mediterranean and in Arab Emirates respectively. However, 
the Pb p-value was below the 0.05 significance level 
implying that the difference in concentration of Pb in the 
sampling points for the two seasons was significant at 95% 
confidence level attributed to persistence of Pb in some 

areas. To determine whether there existed significant 
differences in the concentration of heavy metals for the two 
seasons at the depth of (11-20cm), a t-test was conducted. 
The results are presented below: 

Table 4: t- test results comparing dry and wet  in HB  for 11-
20 cm depth 

  t Significance 
(2-tailed)

Mean 
Difference

Pb 2.52 0.019 15.6667
Cd 0.07 0.945 0.0833
Co 0.04 0.968 0.0833
Zn 1.51 0.145 12.417
Cu 1.01 0.323 6.25

According to the t-test results above, the p values of Pb, Cd, 
Co, Zn and Cu were 0.019, 0.945, 0.968, 0.145 and 0.323 
respectively. All these values were above the 0.05 
significance level except for Pb indicating that the difference 
in concentration of heavy metals for the two seasons was not 
significant at 95% confidence level.  The Pb p-value was 
below the 0.05significance level implying that the difference 
in concentration of pb in the sampling points for the two 
seasons was significant at 95% confidence level. These 
findings are similar to the 0 – 10 cm depth above and thus 
attributable to the same causal factors. The findings are in 
line with those of Mapanda et al. (2005), Nicholson et al. 
(2003) and Sharma et al.,. 2007) who assessed 
concentrations of heavy metals in agricultural fields for two 
different seasons in Zimbabwe, South Wales and in India 
respectively. 

Comparison of the Variation of Concentrations between 
the two Ecological Zones 
To determine whether there existed significant differences in 
the concentration of heavy metals for the two ecological 
zones (LM3 and LM4), a t-test was conducted. The results 
are presented below: 

Table 5: t- test results comparing LM3 and LM4 ecological 
zones 

t Df Significance (2-tailed)
Pb 0.63 8 0.5430
Cd 0.51 8 0.3170
Co 0.72 8 0.1403
Zn 0.62 8 0.1830
Cu 0.58 8 0.4210

According to the t-test results above, the p values of Pb, Cd, 
Co, Zn and Cu all above the 0.05 significance level 
indicating that the difference in concentration of heavy 
metals for the two ecological zones was not significant at 
95% confidence level. This study was in line with the study 
done by Cheraghi et al., (2012) who investigated the effects 
of phosphate fertilizer application on the heavy metal content 
in agricultural soils with different cultivation patterns. The 
difference in heavy metal concentration in agro-ecological 
zone was attributed to the fact that both zones practice 
agricultural practices similarly in terms of fertilizer 
application, planting and crop management.  
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4. Conclusion and Recommendations 

The average concentration of heavy metals varies in agro-
ecological zones, seasons and sampling depth. Zn, Cd, and 
Pb in soil sample exceeded WHO standard indicating 
contamination of the soil in the study area. The variation of 
concentration in different zone could have been influenced 
by rainfall, soil type and soil pH. The different farms had 
significant differences in heavy metals concentration 
attributable to the different chemicals (herbicides and 
pesticides) and fertilizers used in the different sampling sites 
in Homa Bay which have different concentrations of the 
individual heavy metals. In addition, the 11 – 20 cm depth 
had higher concentrations as compared to 0– 10 cm sampling 
depth. This was attributed to the fact that most of the heavy 
metals have high leaching capacity and thus percolate to 
lower layers of the soil strata over tile once in the soils.
Finally, the concentrations were higher during the wet season 
as compared to the dry season. These results are attributed to 
the fact that some farmers utilize the land in the first season 
only. In the second season, only few farmers re-cultivate 
their land. This thus implies that the concentration of the 
different heavy metals in different areas isn’t affected 

significantly. The presence of heavy metals in the farms 
could be taken up by plants especially maize in turn could 
move up the food chain and eventually transfer risk to the 
maize consumers. 

In an effort to reduce the heavy metal load in these 
agricultural soils, the study recommends that the farmers 
should be sensitized on the types and rates of agricultural 
chemicals they use in their farms. They should also be made 
aware of the possible risks of use of unsafe agrochemicals in 
their farms. Also farmers should be advise on alternative use 
of pesticide and fertilizers such as organic fertilizers and bio-
pesticides. Further research should be done on the risk 
associated with heavy metal intake through crops 
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