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Abstract: The objective of this study was to determine the level of arsenic in the environment and in foods consumed 

around Kisumu, and compare these levels with the recommended WHO maximum limits. Arsenic was determined in 

water samples from Lake Victoria, River Nyamasaria, tap water as well as in the soil samples. It was also determined in 

staple foods including maize, beans, fish and vegetables. Arsenic content in the samples was determined using Atomic 

Absorption Spectrophotometry. The results showed that arsenic content in the water and soil ranged from 0.00 to 8.30 

ng/100 ml and 12.39 to 24.36 g/100 g, respectively, and the mean arsenic levels in all water and soil samples were within 

the safe WHO limits for arsenic. The arsenic content in the maize and bean samples ranged from 5.21 to 7.03 g/100 g. 

The arsenic content in the vegetables and fish ranged from 2.89 to 7.34 and 4.31 to 7.66 g/100 g, respectively. The arse-

nic content in all the food samples were also within the safe WHO arsenic limits. However, there were variations in arse-

nic contents between the species of fish studied. The arsenic content was significantly higher in soil samples in compari-

son to water samples (p<0.05). Overall the arsenic levels in all the food, water and soil samples were within the maximum 

WHO safe limits. It is recommended that continuous monitoring of arsenic levels of water, soil and foods be put in place 

since there could be seasonal variations in their levels.  
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INTRODUCTION 

Heavy metal toxicity represents a significant public 

health problem world wide. If unrecognized or inappropri-

ately treated, heavy metal toxicity can result in significant 

morbidity and mortality [1]. Various regulatory bodies 

around the world strictly regulate the maximum concentra-

tions of heavy metal contaminants in foodstuffs, drugs and 

cosmetics. Most regulations place maximum limits for these 

trace metal contaminants in foods and water [2]. Generally, 

children are more susceptible to the toxic effects of the 

heavy metals and are more prone to accidental exposures.  

The symptoms of chronic arsenic poisoning usually begin 

half an hour after exposure. They include stomach pain and a 

tightness of the throat. Vomiting and intense diarrhoea 

quickly follow. The output of urine is characteristically de-

creased. Death from total cardiovascular collapse usually 

results within a few days. Deaths that occur up to 14 days 

after acute arsenic poisoning are usually caused by nephritis 

[3]. In chronic arsenic poisoning, diarrhoea and vomiting  

 
 

*Address correspondence to this author at the Jomo Kenyatta University of 

Agriculture and Technology, Kenya; Tel: +254 713 817436?;  

E-mail: anmakokha @yahoo.com 

occur, but these are less pronounced than they are in cases of 
acute arsenic poisoning. Chronic toxicity is also associated 
with skin hyperpigmentation, muscle weakness, peripheral 
neuropathy, excessive sweating, liver damage, delirium, en-
cephalopathy and cancers of the oral cavity, skin, lungs, co-
lon, bladder, and kidney [4, 5]. 

The objective of this study was to determine the arsenic 
levels in the environment (water and soil) and foods around 
Kisumu City in Kenya, and compare these levels with the 
recommended WHO maximum levels. Kisumu City is the 
headquarters of Nyanza Province, Kenya, on the north-
eastern shore of Lake Victoria. It is the commercial, indus-
trial, and transportation centre of western Kenya, serving a 
hinterland populated by almost four million people. It is an 
important link in the Lake Victoria–Mombasa trade because 
of its water and rail connections. This has led to a high popu-
lation density in the town, which results in heavy vehicle 
population, and other forms of human activities that have the 
potential to increase pollution. 

METHODOLOGY 

Study Design and Site 

The study was carried out within a 10 kilometre radius in 
and around Kisumu City in 2009. It was a laboratory based 
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study where samples of water, soil and food were obtained 
from around Kisumu and analyzed for their arsenic content.  

Samples 

Water samples were obtained from the Lake Victoria, 
river Nyamasaria, and taps. The sampling sites for water 
were purposively chosen. The lake water was sampled at the 
Dunga Beach and Tilapia Beach landing sites. At each sam-
pling point, five samples of 500 ml were collected. The sam-
pling was done at the shore and at 200 metres inshore at a 
depth of 30 cm. The river water was sampled from River 
Nyamasaria near the Nyamasaria Bridge which is on the 
Nairobi-Kisumu highway. Five river water samples of 500 
ml each were collected. The tap water was randomly  
sampled from five sampling points and each sample size was 
500 ml. 

Soils were sampled from purposively selected sampling 
points from where grid sampling was adopted to take three 
500g samples. The samples were collected at the depth of 0-
15 cm [2]. The samples were obtained from among other 
areas, the highway and also 2 km into the interior away from 
the highway. The sampling was done as per the IAEA proto-
cols for soil sampling [2]. 

For food samples, 500 g each of dry maize and dry beans, 
among the main staple foods in the region, were purchased 
from five randomly selected vendors in the Kisumu open air 
market. Similarly, 500 g samples of various vegetables from 
around Kisumu. The vegetables purchased included Spider-
plant (akeyo/deck) (Cleome gyanadra L), Spinach (Spinacia 
oleracea), Kales (Brasicca oleracea), Black nightshade (So-
lanum nigrum), Amaranth (Amaranth amaranth) and Cow 
peas (Vigna unguiculata L). Fish of different species were 
purchased at the Dunga and Tilapia landing sites on Lake 
Victoria and at the Kisumu Open Air Market. This was done 
early in the morning as the fishermen landed after overnight 
fishing. The fish varieties analyzed included Nile tilapia 
(Oreochromis niloticus (L)), Nile perch (Lates (lates) niloti-
cus (L)), Butter catfish (Schilbe intermedius (Ruppell)), 
Migori haplo (Haprochromis species) and Dagaa (Lake Vic-
toria sardine (Rastrineobola argentea (Pellegrin)). Three 
samples of each fish species were purchased from randomly 
chosen fishermen at each of the two landing sites. Dry dagaa 
samples (500 g x3) were purchased from the Kisumu open 
air market.  

Sample Handling and Preparation 

 Immediately after sampling, 5 ml of concentrated HCl 
was added to the water samples to stabilize them [6]. They 
were then transported to the laboratory and kept under re-
frigeration conditions awaiting analysis.  

For soil samples, they were transported to the laboratory 
in the sample bottles. They were then air-dried, ground, and 
screened to pass through a 0.5 mm sieve and stored in plastic 
jars awaiting analysis [7].  

The food samples, other than fish were similarly trans-
ported in the sample bottles to the laboratory, where they had 
the adhering soil particles removed. The samples were 
cleared of adhering soil particles, washed three times with 
de-ionized water and 0.05 M HCl, and then rinsed with de-

ionized water three times to ensure dislodging and removal 
of dust particles [8]. They were then dried in a fan-forced 
oven at 60±5 °C for 48 hours, ground using a stainless steel 
grinder, sifted through a 0.2-mm sieve, and stored in plastic 
jars to await analysis [7]. The maize and bean samples were 
ground and dried at 100 

0
C for 10 hours prior to analysis. 

Arsenic Determination 

The arsenic content in the samples was determined using 
a Shimadzu Atomic Absorption Spectrophotometer (AAS) 
Model AA-6200 [9]. For each water sample, 100 ml of the 
sample was put into a 250 ml beaker and placed on the hot 
plate. The water was brought to boil and while about to boil, 
2 ml of nitric acid-water mixture (50:50) and 10 ml hydro-
chloric acid-water mixture (50:50) were added. The samples 
were then evaporated until the mixture reduced to approxi-
mately 25 ml. The 25 ml residues were then transferred into 
100 ml volumetric flasks and topped up to the mark with 
distilled water [6]. 

 For the soil and food samples, three 1 g replicates of 

each solid sample were analyzed as per the AOAC method 

for arsenic determination [7]. The samples were treated with 

5 ml of a mixture of nitric acid, sulphuric acid and perchloric 

acid in the ratio of 6:3:1. They were allowed to stand for five 

minutes after shaking thoroughly [9]. They were then di-

gested on the hot plate starting at 70 
0
C through to 120 

0
C 

until the volume reduced to approximately 1 ml and floating 

suspended white fumes of SO3 were clearly observed. The 

samples were then allowed to cool to room temperature and 

approximately 20 ml of 5% HCl acid solution added. The 

samples were then heated on the hotplate at approximately 

75 
0
C for 15 minutes and then allowed to cool. The samples 

were then filtered through Whatman Filter Paper number 42 

into a 100 ml volumetric flask and topped up using 5% HCl. 

A blank was also prepared in the same way [8,10]. 

The arsenic content in the samples was then determined 

using a Shimadzu AAS Model AA-6200 [9,11]. The detec-

tion limit of the spectrophotometer was 0.01 g/100 g/ml. 

This was confirmed by series dilutions made from arsenic 

standard. 

Data Quality Assurance 

To enhance quality assurance of the data, commercial ar-

senic standards were used as reference (Wako Pure Chemical 

Industries Ltd., Japan). Further, each sample was analysed in 

triplicate. A minimum of three samples, each 500 g/ml, had 

been obtained to represent each one sample. 

Analysis of Data 

 Statistical analysis of the data was done using SAS (SAS 

version 9.2) to compare the arsenic concentrations in the 

different samples of foods, soils and water. Both qualitative 

and quantitative data analysis was done. Descriptive indices 

including means, range and standard error were used to de-

scribe the resulting data [12]. Results of analysis were also 

compared with the World Health Organization (WHO) 

maximum permissible concentrations (MPC) for arsenic 

safety in human beings [13, 14]. 
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RESULTS 

Arsenic Content in Water 

The results of arsenic content in water from Kisumu re-
gion are shown in Table 1. The arsenic content of water from 
the Tilapia Beach shoreline was significantly higher (p< 
0.05) than the content from the other water samples. The tap 
water did not contain any detectable amounts of arsenic. This 
could be attributed to the water treatment process where 
much of the arsenic could have been removed together with 
the floccules during the sedimentation step. It was also noted 
that the arsenic content in the waters from the beach and the 
lake inshore were significantly different (p< 0.05) at the two 
beaches (Tilapia and Dunga). The shoreline waters had sig-
nificantly higher (p< 0.05) levels of arsenic than the inshore 
waters. This indicates that there is a reduction in arsenic con-
tent in the lake waters with increasing distance from the 
shoreline. This suggests that anthropogenic activity may con-
tribute some arsenic pollution at the shorelines.  

It was also noted that the arsenic content in the River 
Nyamasaria waters was not significantly different from the 
arsenic content of the Lake Victoria shoreline water from the 
two beaches (Dunga and Tilapia). This could be attributed to 
the fact that the water from both sources had been exposed to 
human activities. The water from the Tilapia beach shoreline 
had significantly higher (p< 0.05) arsenic content than the 

Dunga beach shoreline waters. WHO has recommended 10 
parts per billion (1 g/100 ml) as the limit for arsenic in 
drinking water [14]. From the results obtained, all the water 
sources analyzed were within this limit ranging from 0.00 to 
13.1 ng/100 ml (0.00 to 0.013 g/100 ml) 

Arsenic Content in Soil 

The arsenic content of soils sourced from Kisumu is 

shown in Table 2. From the results obtained from this study, 

soil from R. Nyamasaria was found to have significantly 

higher (p< 0.05) levels of arsenic as compared to the rest of 

the soil samples. This could be due to higher anthropogenic 

activities around the river since there was bathing and wash-

ing of clothes taking place there.  

Arsenic content in the Dunga shoreline soil and that from 

2 km from the highway were significantly lower (p< 0.05) 

than that from the roadside and river Nyamasaria soils. This 

may be attributed to such soils experiencing low level of 

anthropogenic activities. It was also noted that there was no 

significant difference (p> 0.05) in the arsenic content in the 

soils from the two beaches (Dunga and Tilapia) which is an 

indicator of similarities in human activities at the two 

beaches. The arsenic content in the roadside soils was also 

not significantly different (p> 0.05) from that of the Tilapia 

beach soils. 

Table 1. Arsenic Content in Water (ng/100 g) 

Sample  Mean  Range 

 Minimum Maximum. 

Dunga Beach, 200 m inshore 2.0±0.10d 1.60 2.70 

Tap water 0.00e 0.00 0.00 

River Nyamasaria 1.7±0.60d 0.00 3.90 

Tilapia Beach, 200m inshore 4.2±0.50c 2.70 5.80 

Tilapia Beach shoreline 13.1±1.10a 9.10 16.80 

Dunga shoreline 8.30±1.10b 1.30 11.30 

WHO minimum limits 1000   

Each value is a mean ±SE of three analyses each done in triplicates. 

Means within columns followed by different letters are significantly different (p< 0.05) from each other. 

Table 2. Arsenic Content in Soils ( g/100 g) 

 Sample  Mean  Range 

 Minimum  Maximum  

Dunga Beach 12.39±0.65c 11.1 14 

River Nyamasaria 24.36±0.50a 23.1 26.6 

Tilapia Beach 15.92±1.46bc 13.2 17.1 

Roadside  19.01±0.53b 10.3 24.3 

2 km from the roadside 12.39±0.06c 9.25 16.2 

Dunga Beach 12.39±0.65c 11.1 14.0 

WHO limit 50   

Each value is a mean ±SE of three analyses done in triplicates.  

Means within columns followed by different letters are significantly different (p< 0.05) from each other. 
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The WHO limit for arsenic in agricultural soils is 50 
g/100g [14]. This limit was not exceeded by any of the soil 

samples analyzed.  

Arsenic Content in Maize and Beans  

Arsenic contents of maize and beans are shown in  

Table 3. From the results obtained from this study, maize 

had significantly (p< 0.05) higher levels of arsenic than 

beans. Among the two varieties of beans analyzed, there was 

a significant difference (p< 0.05) in the amount of arsenic. 

The WHO limit set for cereals is 10 g/100 g (WHO, 

2003) which was not exceeded by the maize purchased from 

Kisumu market. The WHO limit set for pulses is also 10 

g/100 g (WHO, 2003) which was also not exceeded by the 

two varieties of beans in this study.  

Arsenic Content in Vegetables  

Arsenic content in the vegetables commonly consumed 
around Kisumu are shown in Table 4. The arsenic level 
ranged from a minimum of 2.40 g/100 g in amaranthus 
leaves to a maximum of 7.50 g/100 g in black nightshade. 
From the results obtained, black nightshade had significantly 
higher (p< 0.05) arsenic content than the rest of the vegeta-
bles analyzed. The WHO limits for arsenic in fruits and 
vegetables is 10 g/100 g [14]. This limit was not exceeded 
by any of the fruits and vegetables analyzed in the current 
study.  

Arsenic Content in Fish 

Arsenic content in fish samples of the commonly con-
sumed fish around Kisumu is shown in Table 5. The levels 
ranged from a minimum of 3.92 in Nile perch to a maximum 

Table 3. Arsenic Content in Dry Maize and Beans ( g/100 g) 

Sample Mean Range 

 Minimum Maximum 

Maize  7.03±0.4a 6.08 7.42 

Green/yellow beans 5.21±0.7c 4.91 5.54 

Red/white beans 6.31±0.9b 5.61 7.01 

WHO limit 10   

Each value is a mean ±SE of three analyses done in triplicates.  

Means within columns followed by different letters are significantly different (p< 0.05) from each other. 

Table 4. Arsenic Content in Leafy Vegetables ( g/100 g) 

Sample Mean Range 

 Minimum Maximum 

Spiderplant 3.94±0.08de 3.64 4.25 

Tomatoes 4.56±0.06cd 4.39 4.67 

Black nightshade 7.34±0.07a 7.16 7.50 

Onions 2.89±0.10e 2.40 3.39 

Amaranthus 5.96±0.32ab 5.07 7.28 

Cow peas leaves 3.85±0.16de 3.59 4.29 

Kales 6.96±0.09a 6.77 7.20 

WHO limit 10   

Each value is a mean ±SE of three analyses done in triplicates.  

Means within columns followed by different letters are significantly different (p< 0.05) from each other. 

Table 5. Arsenic Content in Fish ( g/100 g) 

 Sample  Mean  Range 

 Minimum  Maximum  

Dry sardines 7.62±0.27a 7.10 8.78 

Fresh sardines 5.12±0.38bc 4.27 5.59 

Nile perch 3.92±0.42d 3.11 4.4 

Tilapia (medium) 5.44±0.49bc 4.04 6.17 

WHO 10   

Each value is a mean ±SE of three analyses done in triplicates.  

Means within columns followed by different letters are significantly different (p< 0.05) from each other. 
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of 8.78 in dry sardines. The dry sardines (dagaa) had signifi-
cantly higher levels (p< 0.05) of arsenic as compared to nile 
perch and tilapia. The fresh sardines had significantly lower 
levels of arsenic (p< 0.05) as compared to the dried sardines’ 
sample. This could be attributed to the concentration of the 
arsenic during drying process. The difference between the 
fresh and dry sardines could also be attributed to exposure to 
anthropological contamination during drying and display in 
the market. 

The WHO limit for arsenic in fish is 10 g/100 g [14]. 
The arsenic levels in all the fish samples did not exceed this 
limit.  

The WHO limit for arsenic in fish is 10 g/100 g [14]. 
This limit was not exceeded by any of the fish samples ana-
lyzed in the current study.  

DISCUSSION 

The physical, chemical and biological processes that oc-
cur in an aquatic environment often affect the inorganic ele-
ments and heavy metal concentrations [15, 16]. Human ac-
tivities, which control these processes, have been reported to 
increase the concentration of metals in many of the natural 
water systems [17]. In addition, conditions in the catchments 
and lake are important for the mobility and availability of 
metals in the water. Rivers and lakes are exposed to atmos-
pheric deposition of anthropogenicaly derived trace ele-
ments. This can create harmful effects on the environment 
and human health due to their toxicity and bioaccumulation 
in various environmental compartments [3, 18]. Fortunately, 
the arsenic levels in the water bodies around Kisumu, includ-
ing Lake Victoria, were within the maximum WHO safe 
limits. However, the observation that there were significant 
differences in the arsenic levels in the water samples suggest 
that anthropogenic activities do have some effect on these 
levels. 

In soils contaminated through anthropogenic activity, ar-
senic contents may be high, exceeding 50 mg/kg [19]. This 
was not the case in this study, despite the fact that some of 
the sites where the soil samples were obtained had high ve-
hicular traffic as well as a relatively high level of other an-
thropogenic activities. The combustion of petroleum prod-
ucts has been reported to emit some arsenic [20]. 

In a study in Bangladesh, concentration of arsenic in the 
irrigated soils varied from 0.32 to 2.75 mg/100 g. On the 
other hand, in the areas where irrigation-water did not con-
tain arsenic, the soil arsenic levels varied from 0.01 to 0.28 
mg/ 100 g [21]. The concentrations of arsenic in the soils in 
the current study (0.012 to 0.024 mg/100 g) were much 
lower than those reported in the Bangladesh study.  

Dietary arsenic represents the major source of arsenic 
exposure for most of the general population. The actual total 
arsenic concentrations in foodstuffs from various countries 
vary widely depending on the food type, growing conditions 
(type of soil, water, geochemical activity, use of arsenical 
pesticides) and processing techniques [22]. Arsenic content 
of 20 g/100 g has been reported in the cereals consumed in 
some of the USA diets [23]. The findings of this study (5.2 
to 7.0 g/100 g) indicated a comparatively much lower level 

of total arsenic in the maize sold in Kisumu. In the same 
USA study, the total arsenic levels in pulses were reported to 
be 20 g/100g [23]. This is also much higher than the arsenic 
levels observed in the beans in this study. In another study in 
Bangladesh, the level of arsenic in both cereals and pulses 
was established as 20 g/100g [22], which is also much 
higher than the levels found in this study. Maize and beans 
are among the main staple foods around Kisumu [24].  

In a study by Naidu [25], arsenic levels of less than 1.0 
g/100 g were observed in vegetables. This levels were 

much lower than those observed in this study. In another 
study in Bangladesh, the arsenic content in leafy vegetables 
was 2.8 to 7.0 g/100 g [21]. In the same study the arsenic 
content of the onions was found to be 5 g/100 g which was 
similar to the arsenic content of onions in this study.  

Several studies have shown that arsenic content in plants 
varied considerably with type of plants, type of soil, and ar-
senic content of irrigation-water. Generally, the highest con-
centrations of arsenic were always recorded in plant-roots, 
and this may be attributed to contamination from fine colloi-
dal particles [26-28]. 

In a study in the USA arsenic levels of 110 g/100 g in 
fish were reported [23]. This was much higher than the lev-
els of arsenic observed in this study.  

CONCLUSIONS 

In conclusion, the main findings of the study is that arse-

nic content in all water and soil samples from all the sites in 

Kisumu ranged from 0.00 to 8.30 ng/100 ml and 12.39 to 

24.36 g/100 g, respectively, and were within the WHO 

maximum safe limits. The arsenic content in the maize and 

bean samples, vegetables and those in the fish samples 

ranged from 5.21 to 7.03 g/100 g, 2.89 to 7.34 g/100 g, 

and 4.31 to 7.66 g/100 g, respectively. This range was also 

within the safe WHO limits, and therefore does not pose a 

significant risk for arsenic poisoning to the consumers. 

However, there were significant differences (p< 0.05) in the 

arsenic content in water and soil samples due to geographical 

location. For the food samples, there was significant differ-

ence (p< 0.05) in the arsenic content among the different 

foods analyzed. It is recommended that continuous monitor-

ing of arsenic levels of water, soil and foods be put in place 

since there is likely to be seasonal variations in their levels.  
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