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Abstract

The Kisumu Water and Sewerage Company (KIWASCO) releases water with lesser amounts of solid materials removed from liquid sewage 
(sludge) which is currently being used by small scale farmers for irrigating vegetables such as kales, bananas and spinach for human consumption. 
There is possible contamination of sludge from industrial effluent, waste material or water containing heavy metals getting into the sewerage 
system with improper treatment to channel and remove the heavy metals. Contamination of Agricultural soil by heavy metals has become a 
critical environmental concern due to their potential ecological effects. Harmful metals present in the sludge may thereby lead to contamination 
of soil and plants. Some of the metals accumulate in the tissues of plants and animals which may end up in the human body and this might 
therefore cause deleterious health hazards to humans due to bioaccumulation. This paper aims at establishing the levels of some three selected 
heavy metals (lead, copper, and zinc) both in plants and soil. Sampling was done at various points of the farms surrounding the sewage plant 
by randomly selecting farm plots around the treatment plant in between January and June 2018. Five different plots were investigated, and the 
plant analyzed was kales. Soil samples were recovered from the field as a “discrete” sample, mixed, dried, ground and sieved, stored, divided 
into sub-samples, extracted, measured and analytical data calculated. Similarly, plant samples were obtained, washed, chopped, dried, ground, 
stored, digested, measured and also calculated. Heavy metal levels were studied by Atomic Absorption Spectrophotometry technique. The results 
showed that there was no impact of sewage sludge reuse in agriculture on the concentration of heavy metal on soil and plants (kales) in the areas 
around Obunga slum. The concentrations of the heavy metal of copper, lead and zinc in the soils and plants were below the standards set by 
KEBS/WHO and FAO. Although heavy metals in the soil and kales analyzed were within the recommended levels and do not pose any immediate 
risk to human health so far, a regular monitoring program for heavy metals in other common vegetable plants is recommended to minimize the 
risk of bioaccumulation in human.
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Background Information
Although there is no clear definition of what a heavy metal 

is, density is in most cases taken to be the defining factor. Heavy 
metals are thus commonly defined as those having a specific 
density of more than 5 g/cm3. The main threats to human health 
from heavy metals are associated with exposure to lead, cadmium, 
mercury and arsenic [1] Heavy metals have been used in many 
different areas for thousands of years. Lead has been used for at 
least 5000 years, early applications including building materials, 
pigments for glazing ceramics, and pipes for transporting water 
[2]. In ancient Rome, lead acetate was used to sweeten old wine, 
and some Romans might have consumed as much as a gram of 
lead a day. Mercury was allegedly used by the Romans as a salve 
to alleviate teething pain in infants and was later (from the 1300s 
to the late 1800s) employed as a remedy for syphilis. Claude 
Monet used cadmium pigments extensively in the mid-1800s, 
but the scarcity of the metal limited the use in artists’ materials 
until the early 1900s [3]. Although adverse health effects of heavy 
metals have been known for a long time, exposure to heavy metals  

 
continues and is even increasing in some areas. For example, 
mercury is still used in gold mining in many parts of Latin America. 
Arsenic is still common in wood preservatives, and tetraethyl 
lead remains a common additive to petrol, although this use has 
decreased dramatically in the developed countries. Since the 
middle of the 19th century, production of heavy metals increased 
steeply for more than 100 years, with concomitant emissions to 
the environment [4].

Generation of sewage is increasing due to rapid urbanization. 
Municipal all over the world are concerned with developing safe 
and feasible method of disposal [3]. Sewage sludge is a product 
of sewage treatment plant and result from removal of solids and 
organic matter from sewage municipal waste and industrial waste 
water .The application of sewage sludge in agriculture soils has 
been widespread in many countries .This practice has been shown 
to improve soil properties e.g. organic matter, nutrients content, 
porosity, aggregate stability, bulk density and water retention 
and result to increase plant productivity [2]. All soil contains 
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some amount of heavy metals. Some heavy metals such as zinc, 
copper and chromium are required in minute amount in the 
body. Exposure to high concentration of the heavy metals in the 
environment is known to be harmful both in plants and animals 
[2]. Chronic intake of heavy metal has damage effect on human 
beings and other animals [5]. For normal soil, the heavy metal 
content is mainly inherited from parent rocks. The metal present 
in the soil plant system can easily enter into the food chain. In 
human, exposure to high levels of heavy metals is known to pose 
severe health risk such as damage to the organs, cancer and may 
result in death, and also pause risk for, animals, plant and whole 
environmental of our modern society [6]. The main concern is the 
health hazard resulting from possible high levels of heavy metals 
in food crops. This contamination is as a result of human activities 
and improper disposal of heavy metal containing materials such 
as batteries. Previous research has shown the mobility of heavy 
metals combination in terms of rate of their release and potential 
negative effect on the soil [7].

Sewage sludge is used in many areas around sewage 
treatment plants as fertilizer for crops. Research has shown that 
the use of sewage sludge can result in increased concentration of 
heavy metals in soil at times to toxic levels. Heavy metals tend to 
accumulate along the food chain, with possible uptake in plants 
and livestock. Many people could be at a risk of adverse health 
effect from consuming vegetables cultivated in soil amended 
with sludge that is heavy metal contaminated. This can pose a 
health effect to the economy. It is therefore important to monitor 
the heavy metals levels in sewage sludge amended soil. The use 
of sludge from sewage treatment plant in Obunga by small scale 
farmers may result to accumulation of toxic elements into the soils 
which can be absorbed by plants. Contamination of Agricultural 
soil by heavy metals has become a critical Environmental concern 
due to their potential ecological effects. Such toxic elements are 
considered as soil pollutants due to their widespread occurrence 
and their acute and toxic effect on plants grown on such soils.

Materials and Methods

Figure 1: A map showing Obunga area in Kisumu county.

Study samples were taken from areas around KIWASCO 
treatment plant in Obunga slum located in Kisumu city Kisumu 
County. The area is situated at an altitude of 1131 meters above 
the sea level which lies between longitude 340 45’E and 34.7500 E 
and latitude 006’S and 0.1000S longitude 340 50” east and 350west 
and latitude 0003 (Figure 1) Soil and kale samples were analyzed 
for a period of 6 months (January- June 2018). Soil and plant 
samples were collected from five different plots within the areas 
surrounding KIWASCO sewerage treatment plant. A total of 60 
samples were collected from the sites, 30 samples for soil analysis 
and 30 samples from plant analysis (kales). For plant samples, 
the leaves were cut using razor blade and placed in paper bag 
while soil samples were collected from the upper 20cm depth 
of the soil using a stainless-steel scoop. A total of 60 samples for 
both soil and plant samples were collected from the sites. The 
samples were then stored in clean polythene bags that had been 
rinsed with distilled water and then transported to the laboratory 

for preparation and analysis. Plant samples were washed with 
tap water and then rinsed with distilled water. The leaves were 
then chopped into small pieces and oven dried for 48 hours. The 
samples were then gently crushed into fine powder using dried 
porcelain mortar and a pestle and then passed through a 2mm 
sieve. They were then placed in clean labeled sample bottle and 
stored for further analysis. Soil samples were air dried at room 
temperature for 72 hours. The dry samples were disaggregated 
using a pestle and a mortar and passed through a 2mm sieve. 
The samples were then oven dried for 2hrs. In every sample, 
2.0g was accurately weighed using analytical balance and placed 
into 100ml measuring cylinder to which 20ml of tri-acid mixture 
(Nitric acid, Hydrochloric acid and Sulfuric acid) in a ratio 5:1:1 
was added for plant samples while hydrochloric acid and nitric 
acid in the ratio 3:1 was added for soil samples. Both mixtures 
were then digested in a hot plate to a transparent liquid digest. 
The digest was separately cooled, filtered and diluted to 50ml 
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using deionized water for analysis of lead, zinc and copper using 
Atomic Absorption Spectrometer.

Data Analysis
The mean, standard errors, line-graphs and bar graphs 

(classical analysis methods) were carried out to see the variation 
trend. General linear model analysis of variance was also 
undertaken for the three heavy metal mean concentrations (Zn, 
Pb and Cu) to determine if there is any significant difference in 
these measurements among the plots, between the months, if 
there is any interaction between plots and the months sampled 
(using Minitab 16 software). The mean concentrations of heavy 
metals were then compared with the recommended WHO, FAO 
and KEBS standards.

Results 
The mean concentration of heavy metals recorded in both 

soil and plant samples during the sampling period are recorded. 
Mean concentration of lead was higher that zinc and copper both 
in soil and kale samples i.e. 0.41298±0.102 and 0.37098±0.105 
respectively (Table 1). Zinc was higher than copper with a mean 
concentration of 0.34676±0.095 and 0.2302±0.085 in soil and 
kale samples respectively while copper registered the least 
concentration of 0.1051±0.002 and 0.08666±0.003 of soil and kale 
samples respectively (Table 1). Generally, Soil samples recorded 
higher concentrations of the heavy metals analyzed than kale 
samples. One-way ANOVA showed a significance difference in the 
mean concentrations between soil and kale samples during the 
study period (p<0.005). The concentration of copper in soil samples 
was higher plot 3 (0.125±0.005) followed by plot 5 (0.1165±0.003) 

while plot 2 recorded the least mean concentration (0.08±0.001) 
with plot 1 and 4 with a mean concentration of 0.1095±0.002) and 
0.0945±0.001) respectively. The analysis of variance showed no 
significant difference in mean concentration of copper between 
the soil samples in different plots (p>0.005). In kale samples 
plot 1 registered the highest (0.0995±0.003) and the lowest was 
recorded in plot 2 (0.07±0.001) with plots 3, 4 and 5 recording 
(0.087±0.003, 0.0853±0.002, 0.0915±0.001) respectively (Figure 
2). The analysis of variance still showed no significant difference 
in mean concentration of copper between the kale samples in 
different plots (p>0.005). The mean concentration of zinc in 
the soil samples was higher in plot 5 (0.4226±0.005) while plot 
4 had the least concentration (0.2791±0.001). The remaining 
plots had mean concentrations within the above range. One-way 
ANOVA showed a significant difference in mean concentration 
of zinc between the soil samples in different plots (p<0.005). In 
kale samples plot 5 still recorded the highest mean concentration 
of (0.3622±0.003) with plot 2 having the lowest concentration 
of (0.1423±0.002) while the other plots were within the range 
(Figure 3). ANOVA test showed a significant difference in mean 
concentration of zinc between the kale samples in different plots 
(p<0.005).

Table 1: mean concentration of heavy metals in both soil and kale 
samples.

Heavy metal
Mean Concentrations (ppm)

Soil samples Kales

Copper (Cu) 0.1051±0.002 0.08666±0.003

Zinc (Zn) 0.34676±0.095 0.2302±0.085

Lead (Pb) 0.41298±0.102 0.37098±0.105

Figure 2: Graph of copper concentration in soil and kale samples during the study period.
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Figure 3: Graph of zinc concentration in soil and kale samples during the study period.

Discussion
Heavy metals concentrations and soil

The concentration of the heavy metals in the soil depended on 
the deposition of the amount of sludge in the soil. Plots exposed to 
high amounts of sludge had a higher concentration of heavy metals 
compared to plots exposed to little amount/ application of sludge. 
This therefore means that the concentration of sludge is directly 
proportional to that of the heavy metals. Soil contamination by 
heavy metals is of most important apprehension throughout 
the industrialized world [8]. Heavy metal pollution not only 
result in adverse effects on various parameters relating to plant 
quality and yield but also cause changes in the size, composition 
and activity of the microbial community and this is why there 
is differences in mean concentrations in different plots or soil 
samples. This is in conformity to the study by [1] who studied 
the effects of heavy metals on soil samples. Therefore, sludge 
affects the concentrations of heavy metals which are considered 

as one of the major sources of soil pollution the adverse effects 
of heavy metals on soil biological and biochemical properties 
are well documented. The soil properties i.e. organic matter, 
clay contents and pH have major influences on the extent of 
the effects of metals on biological and biochemical properties 
[9]. Heavy metals indirectly affect soil enzymatic activities by 
shifting the microbial community which synthesizes enzymes 
[10]. Heavy metals exhibit toxic effects towards soil biota by 
affecting key microbial processes and decrease the number and 
activity of soil microorganisms. According to Chen et al., 2010 
the heavy metals caused a decrease in bacterial species richness 
and a relative increase in soil actinomycetes or even decreases in 
both the biomass and diversity of the bacterial communities in 
contaminated soils. Chen et al. [4] also reported that the enzyme 
activities are influenced in different ways by different metals 
due to the different chemical affinities of the enzymes in the soil 
system (Figure 4).

Figure 4: Graph of concentrations of lead in plants and soil.

Heavy metals concentration and vegetation
There is a difference in the concentrations of heavy metals in 

different kale samples in this study. The rate of metal uptake by 
the vegetables (kales) could have been affected by factors such 
as plant age, plant species, soil pH, nature of soil and climate and 
this in turn would affect the content of heavy metal recorded. 
The variations in transfer factor may also have contributed to 
differences in the metal uptake by different vegetables hence 

the different metal contents [11]. The use of compost to improve 
agricultural yield without caring with possible negative effects 
might be a problem since the waste composts are most applied 
to improve soils used to grow vegetables. Considering the edible 
part of the plant in most vegetable species, the risk of transference 
of heavy metals from soil to humans should be a matter of 
concern [12]. Uptake of heavy metals by plants and subsequent 
accumulation along the food chain is a potential threat to animal 
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and human health [3]. The absorption by plant roots is one of the 
main routes of entrance of heavy metals in the food chain [11]. 
Absorption and accumulation of heavy metals in plant tissue 
depend upon many factors which include temperature, moisture, 
organic matter, pH and nutrient availability. 

Heavy metal accumulation in plants might have varied as it 
depends upon plant the efficiency of different kales in absorbing 
metals is evaluated by either plant uptake or soil to plant transfer 
factors of the metals [3]. Elevated Pb in soils may decrease soil 
productivity, and a very low Pb concentration may inhibit some 
vital plant processes, such as photosynthesis, mitosis and water 
absorption with toxic symptoms of dark green leaves, wilting of 
older leaves, stunted foliage and brown short roots [13]. Heavy 
metals are potentially toxic and phytotoxicity for plants resulting 
in chlorosis, weak plant growth, yield depression, and may even 
be accompanied by reduced nutrient uptake, disorders in plant 
metabolism and reduced ability to fixate molecular nitrogen in 
leguminous plants [11]. Seed germination was gradually delayed 
in the presence of increasing concentration of lead (Pb), it may be 
due to prolong incubation of the seeds that must have resulted in 
the neutralization of the toxic effects of lead by some mechanisms 
e. g. leaching, chelation, metal binding or/and accumulation by 
microorganisms [3].

It can therefore be concluded that there was no negative 
impact of sewage sludge reuse in agriculture on the concentration 
of heavy metal on soil and plants (kales) in the areas around 
Obunga slum since the heavy metal concentrations are still 
lower than the world recommended levels set by World Health 
Organization (WHO).
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