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Abstract Copper(II) and zinc(II) levels in drinkable

water sources in the alluvium areas of the Lake Victoria

Basin in Siaya County of Kenya were evaluated to assess

the risk posed to resident communities by hydrogeological

accumulation of toxic residues in the sedimentary regions

of the lake basin. The levels of the metals in water were

analyzed by atomic absorption spectroscopy. Metal con-

centrations ranged from 0.11 to 4.29 mg/L for Cu(II) and

0.03 to 1.62 mg/L for Zn(II), which were both higher than

those normally recorded in natural waters. The Cu(II)

levels also exceeded WHO guidelines for drinking water in

27 % of the samples. The highest prevalence of excessive

Cu(II) was found among dams and open pans (38 %),

piped water (33 %) and spring water (25 %). It was esti-

mated that 18.2 % of the resident communities in the

current study area are exposed to potentially toxic levels of

Cu(II) through their drinking water.
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Hydrogeological discharge of materials into the shoreline

areas of the Lake Victoria Basin (LVB) continues to raise

serious environmental concerns in the African great lakes

region (Ogoyi et al. 2011; Wambu et al. 2014). An increase

in urbanization and other socio-economic activities within

LVB has resulted in the potential for increased pollution

within the basin. Current evidence indicates that heavy

metal pollution in the riparian areas of the LVB has

increased drastically in recent years (Mwamburi 2009).

Inorganic Cu(II), for instance, is extensively used in farm

applications among the areas of LVB (Gitonga 1992).

Residues of the metal can therefore get translocated through

natural drainage to accumulate into the alluvium regions of

LVB (Bolan et al. 2003). Like Cu(II), Zinc(II) has a wide

environmental interface in this region (Srivastava et al.

2006), and the materials such as distribution pipes, plumb-

ing materials, connections and fittings used in water trans-

port may contribute to increased copper and zinc content in

the potable water sources in this area (Fuchs and Hoffmann

2005). Excessive intake of copper leads to ‘Wilson’s dis-

ease’ (Brewer 2008) and it may result in gastrointestinal

disorders, hemolysis, hepatotoxicity and nephrotoxic effects

(Shrivastava 2009). Exposure to excessive Zn(II), on the

other hand, has been associated with gastrointestinal dis-

turbances, nausea, pancreas damage, interference with

protein metabolism and arteriosclerosis (Oyaro et al. 2007).

It is not surprising, therefore, that environmental assessment

of Cu(II) and Zn(II) in the LVB has attracted a lot of

research interest in the recent past (Yabe et al. 2010).

However, previous studies focused only on the metal levels

in lake sediments (Kishe and Machiwa 2000) and in the lake

water (Mwamburi 2009). They did not consider the metal

residues in riparian water sources used by the resident

communities for their household water needs despite high

concentrations (ppm) for Cu (26.1 ± 4.8) and Zn

(45.4 ± 13.1), which have been reported in lake sediments

close to the lake shores in this region (Kishe and Machiwa

2000). As a consequence, the state of ground water sources

in the riparian areas of the lake remained unclear, and was

the reason for conducting the present study.
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The current work co-assessed Zn(II) and Cu(II) levels in

water sources adjacent to the LV shoreline in Siaya County

of Kenya and evaluated the public health risk associated

with hydrogeological build-up of water-borne residues in

the riparian areas of LVB. It is hoped that the accrued data

will form a basis to inform strategies to safeguard the

environment and the health of resident communities in the

alluvium basins of the lake from the effect of exposure to

undue levels of waterborne residues in these regions.

Materials and Methods

The study area covered both Bondo and Rarieda sub-

counties of Siaya County of Kenya (Fig. 1). It was com-

prised of: Asembo and Uyoma divisions in Rarieda Sub-

County and Maranda, Nyang’oma and Usigu Divisions in

Bondo Sub-County. The elevation ranges from about

1100 m altitude at the lake shores to about 1350 m altitude

in the north. The area is inhabited with some 300,000

people and the primary sources of drinkable water for the

residents are: boreholes and shallow wells, dams and open-

pans, the lake, ponds, river, springs, and streams (Kenya

National Bureau of Statistics 2010).

A total of 63 water samples were collected from dif-

ferent types of potable water sources to cover the entire

riparian region of Siaya County of Kenya. Sampling was

done between 20th and 30th April 2013 using a completely

randomized design as depicted in Table 1.

Standard procedure (AOAC 2000) was followed with

slight modifications for the collection of samples for

analysis. Thewater sampleswere collected into clean 60 mL

polystyrene bottles by submerging and opening the sample

bottle beneath the water surface. Three sub-samples were

taken from each sample site and mixed to form a composite

sample. The composite sample was then acidified with 1 mL

of concentrated nitric acid (HNO3) to a pH of 3.5 and

transported to the laboratory where it was stored at -10�C
until the day of analysis (Chilton et al. 2006). The determi-

nation of Cu(II) and Zn(II) in the water samples was done

using the methods documented by Mzimela et al. (2003).

Exactly 100.0 mL of each composite samplewasmixedwith

10.0 mL of aqua regia and 1.0 mL of perchloric acid in a

culture test tube. Themixture was then digested at 80�C over

a water bath until the volume was reduced to about 30 mL.

After complete digestion and cooling, the samples were

diluted with de-ionized water to 50.0 mL and analyzed for

Cu(II) and Zn(II) levels using a PG-900 atomic absorption

spectrophotometer (PG Instruments, Leicestershire, UK).

Anhydrous salts of themetals (Table 2)were used to prepare

standards for generation of calibration curves used to

determine the metal concentrations in the waters. All mea-

surements were done in triplicate and the results averaged.

The data obtained were subjected to statistics using the

Microsoft Excel statistical package. Concentrations were

presented as mean ± SD, minimum, and maximum values.

The instrument detection limits (IDL) for the twometals and

the AAS operation specifications are recorded in Table 2.

For calibration, standard solutions containing 0, 0.1, 0.2,

0.4, 0.8, 1.6 and 2.0 ppmmetal concentrationswere employed.

The resultant calibration curves are depicted in Fig. 2.

Fig. 1 A map of the riparian

areas of Lake Victoria Basin in

Siaya County, Kenya
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In view of the acute toxicities and high risks associated

with exposure to undue Cu(II) levels, the public health

implication of excessive Cu(II) in the water sources was

analyzed. The percentage of the population that could be in

constant contact with toxic Cu(II) levels through drinking

water, Pexcess CuðIIÞ; was then estimated based on the

expression:

Pexcess CuðIIÞ ¼
X

all water sources

Pi � piCuðIIÞ

100

� �
ð1Þ

where Pi is total percentage of the population that use

potable water from a particular type of water source, i, and

piCuðIIÞ is the percent of water sources of the water type, i,

that were found to contain excessive Cu(II) concentrations.

Results and Discussion

Table 1 shows that a total of 25 water samples representing

40 % of the water samples, were obtained from dams and

open-pans, and a further 15 samples representing 24 %,

from boreholes and shallow wells, ponds, and streams.

Lake water, which represented 37.4 %, was still the most

important primary source of household water for the resi-

dents in this area (Kenya National Bureau of Statistics

2010) but dams and open-pans, boreholes and shallow

wells and streams were the main sources of household

water for communities living outside walking distances

from the lake shores. Most of the ground water sources

were saline from accumulation of chemical residues

through mineral-enriched underground drainage (Wambu

et al. 2014).

The spatial distribution of Cu(II) and Zn(II) levels in the

potable water sources with respect to elevation is presented

in Fig. 3.

Highest mean levels of Cu(II) in water ([2.45 mg/L)

were recorded in areas of altitudes of 1300 m and above.

The mean Cu(II) levels dropped to 0.73 mg/L at

1251–1280 m altitudes before it increased to 2.0 mg/L at

altitudes of 1100–1130 at the lake shores. The corre-

sponding levels of Zn(II) were lower, but similar trends

prevailed, as shown Fig. 3. Spatial distribution of Cu(II)
Fig. 2 Calibration curves used for the determination of Cu(II) and

Zn(II) ions in the water samples by AAS

Table 1 Distribution of sample

sites by division and type of

water source

Water source type Divisions

Asembo Maranda Nyang’oma Uyoma Usigu Total

Borehole 0 4 0 1 0 5

Dams and open-pans 5 9 2 1 8 25

Lake 0 2 0 1 2 5

Ponds 2 0 0 0 3 5

River Yala 0 1 0 0 1 2

Springs 3 1 0 0 0 4

Streams 6 3 0 0 1 10

Piped water 2 1 1 2 1 7

Overall 18 21 3 5 16 63

Table 2 Atomic absorption spectrophotometer experimental

specifications

Elements Cu Zn

Lamp current (mA) 6 8

Wavelength (nm) 324.7 213.9

Slit width (nm) 0.7 0.7

Mode BGC-D2 BGC-D2

Flame Air-C2H2 Air-C2H2

Fuel flow (L/min) 1.8 2.0

Pre-spray time (s) 3 3

Integration time (s) 5 5

Calibrations (ppm) 0.1–0.6 (CUSO4�5H2O) 0.1–0.6 (Zn(NO3)2

IDL (ppm) 0.04 0.11

MDL – instrument detection limit, BGC-D2 – deuterium background

correction (compensates for matrix interferences)
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and Zn(II) levels in ground water sources reflected

hydrogeological translocation and accumulation of the

metal residues into the shoreline areas of the present study.

It can be assumed that as water drains into the alluvium

areas, it loses momentum due to sudden declines in the

slope of the land toward the lake shore. Most of the dis-

solved and suspended matter in the water precipitates and

deposits over soil colloids in these regions. The salt-laden

soil colloids have therefore formed a natural reservoir from

which solutes solubilize and enrich underground water

systems in the area making them saline. The sources of

high Cu(II) in drinking water sources from the higher

altitude sample sites, however remains unclear.

The patterns of Cu(II) and Zn(II) concentrations in water

by type of water source are presented in Table 3. Cu(II) and

Zn(II) residues were detected in all types of water source

over the entire study area.Highestmean levels ofCu(II) were

found in samples from boreholes and shallow wells

(1.59 ± 0.72 mg/L), dams and open pans (1.58 ± 1.02 mg/

L), streams (1.35 ± 1.13 mg/L), and springs (1.32 ±

0.89 mg/L) and ponds (1.26 ± 1.22 mg/L). A total of 27 %

of all the water samples had Cu(II) levels above WHO

guidelines for drinking water (World Health Organization

1996) and the highest proportion of samples (sample count;

percentage proportion) with excessive Cu(II) occurred in

dams and open pans (10; 38 %), pipedwater (2; 33 %) and in

spring water (1; 25 %).

The ground water sources in the current study were

polluted with excessive Cu(II) and Zn(II), as the levels of

both Cu (0.11–4.28) and Zn (0.01–1.62) in potable water

sources were higher than those normally reported for

copper (10–40 lg/L) and zinc (\1 mg/L) in natural water

systems (World Health Organisation 1996, 2003). The

quantity of Cu(II) in natural water sources increased with

general depth of the type of water source in the order:

boreholes and shallow wells[ dams and open pans[
springs[ streams[ ponds[ lake and river. Zn(II) levels

in water did not vary significantly with the type of water

source. The levels of Cu(II) in water sources were also

higher than those obtained in a previous study taken near a

former copper smelter in Uganda (Muwanga and Barifaijo

2006). As it would be expected, the Cu(II) levels in the

current study should have been lower than those in the

former study, since there has been no Cu smelting in the

current study area. This affirmed that groundwater sources

in the current study were polluted with Cu(II). These

results showed that a large proportion of resident com-

munities that depend on ground water sources for their

household water needs could be exposed to unhealthy

Cu(II) levels through their drinking water.

Table 4 shows that the highest mean Cu(II) content of

water (2.39 ± 0.59 mg/L) occurred in Nyang’oma Divi-

sion, which is at a mean sample site altitude of

1186.7 ± 25.5 m, and the lowest (1.25 ± 0.88 mg/L) in

Maranda Division at mean sample site altitude of

1218.5 ± 47.2 m. The overall mean levels of Cu(II) in

water for the study area (1.49 ± 1.00 mg/L) and the mean

Fig. 3 Topographical influence on Zn(II) and Cu(II) distribution in

the water

Table 3 Distribution of Zn(II) and Cu(II) in water by type of water source

Water source type Cu(II) Zn(II)

[Cu(II)] ± SD

(mg/L)

Max.

(mg/L)

[2 (mg/L) Min.

(mg/L)

[Zn(II)] ± SD

(mg/L)

Max.

(mg/L)

Min.

(mg/L)

n

Borehole 1.59 ± 0.72 2.63 1 (20 %) 0.72 0.32 ± 0.20 0.603 0.06 5

Dam and open-pans 1.58 ± 1.02 3.34 10 (38 %) 0.15 0.34 ± 0.23 0.78 0.02 26

Lake 0.74 ± 0.50 1.44 0 (0 %) 0.36 0.35 ± 0.18 0.54 0.01 4

Pond 1.26 ± 1.22 3.3 1 (20 %) 0.11 0.55 ± 0.25 0.77 0.3 5

River 0.26 ± 0.13 0.36 0 (0 %) 0.17 0.42 ± 0.04 0.45 0.4 2

Spring 1.32 ± 0.89 2.44 1 (25 %) 0.42 0.34 ± 0.25 0.59 0.12 4

Stream 1.35 ± 1.13 3.63 2 (20 %) 0.19 0.31 ± 0.18 0.56 0.02 10

Tap 1.57 ± 1.74 4.28 2 (33 %) 0.28 0.39 ± 0.60 1.62 0.02 6

Overall 1.49 ± 1.00 4.28 17 (27 %) 0.11 0.34 ± 0.27 1.62 0.01 63
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levels of Cu(II) for individual divisions (1.25 ± 0.88–

1.79 ± 0.43 mg/L) apart from Nyang’oma Division

(2.56 ± 1.43) were within WHO guidelines (2.0 mg/L) for

drinking water. Cu(II) content of the water samples varied

significantly among the shoreline areas of Usigu (SD =

1.20 mg/L) and Asembo (SD = 1.03 mg/L) divisions. All

the divisions had significant proportions of potable water

sources polluted with Cu(II) above permissible limits. The

highest proportion of water samples with excessive Cu(II)

was observed in Uyoma (60 %) followed by those in

Nyang’oma (33 %), Asembo (28 %), Usigu (25 %) and

then Maranda Division (19 %). However, the mean levels

of Zn(II) (0.36 ± 0.22 mg/L) were well within the rec-

ommended limits (3 mg/L).

The results of the analysis of the percentage of the

population that could be in constant contact with toxic

Cu(II) levels through drinking water are presented in

Table 5.

It was found that 18.2 % of resident communities in

these areas could be exposed to toxic Cu(II) levels through

their drinking water, and may be at risk from chronic

toxicity of exposure to excessive Cu(II). Dams, shallow

wells and ponds were the biggest contributors to commu-

nity exposure to toxic Cu (II) levels. Distribution of safer

drinking water would be a solution to the problem.

However, as alternative water sources are not available to

the rural communities in these areas at the moment, simple

innovative protocols for treatment of contaminated water

and constant monitoring of available water are therefore

desired.

This study has revealed that Cu(II) and Zn(II) levels in

water sources in the riparian areas of the LVB in Siaya

County, Kenya are polluted with excess Cu(II) and Zn(II)

content.
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