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Copper, lead and cadmium concentrations in surface water,
sediment and fish, C. Carpio, samples from Lake Naivasha:
effect of recent anthropogenic activities
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Abstract Following recent concerns of chemical pollu-
tion around Lake Naivasha, especially originating from
recent agricultural activities in the catchment, samples of
water, sediments, and fish Common carp (Cyprinus carpio)
were collected from the Hippo Point, Kasarani, Mouth of
Malewa River, Mouth of Karati River, Crescent Island,
Sher Karuturi Discharge outlet and Oserian Bay for anal-
ysis of Cu, Cd and Pb by FAAS. The mean heavy metal
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levels ranged from 5.12-58.11 (Pb), 1.06-1.73 (Cd), and
<0.03-2.29 (Cu) mg/kg wet weight in C. carpio muscle,
<100-179.83 (Pb), <10.00-10.06 (Cd) and <30.00-32.33
(Cu) pg/L in surface water, and 17.11-53.07 (Pb),
1.18-5.58 (Cd) and 3.00-8.48 (Cu) mg/kg dry weight in
sediment and showed a wide variation within and between
samples with relatively high concentrations in sediments
and fish muscle tissues. The results indicate that Lake
Naivasha, in some parts, is polluted with these heavy
metals of which relatively higher concentrations are found
at the discharge outlets near Sher Karuturi and Oserian
Bay. This indicates possible contribution from surrounding
horticultural/floricultural activities and the Mouths of the
Rivers Malewa and Karati which flow from it’s upper
catchment.

Keywords Heavy metals - Lake Naivasha - Catchment -
Sources
Introduction

Studies on heavy metal pollution in aquatic ecosystems
have been a major environmental focus especially in the
last decade (Weis and Weis 1995; Ongeri et al. 2009a, b;
Oztiirk et al. 2009; Omwoma et al. 2010) particularly due
to their potential toxic effects and ability to bioaccumu-
late in aquatic ecosystems (Censi et al. 2006; Batvari
et al.,, 2007). Surface waters are most exposed to pollu-
tion due to their easy accessibility for disposal of
wastewaters. Anthropogenic influences such as urban,
industrial and agricultural activities, increasing exploita-
tion of water resources as well as natural processes which
include precipitation inputs, erosion and weathering of
crustal materials degrade surface waters and damage their
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use for drinking as well as for industrial, agricultural and
other purposes (Simeonov et al. 2003). Sediments serve
as reservoirs for heavy metal residues and play a sig-
nificant role in their remobilization and distribution in
aquatic systems through interactions between water and
sediment under favorable conditions (Klavins et al.
2009). In aquatic ecosystems, water will have lower
concentrations of heavy metals whose magnification
increases in the recipient sediment and biota (through
food chain transfer) (Oztiirk et al. 2009). However, high
concentrations of heavy metals in the aqueous phase
indicate more recent input into the aquatic environment.
Since heavy metals in the aquatic systems are usually
predominantly associated with sediment, their concen-
trations in sediment are more sensitive and accurate
indicators of contamination of the aquatic system when
compared with their concentrations in the aqueous phase.
Among the animal species, fish are the inhabitants that
cannot escape from the detrimental effects of these pol-
lutants (Olaifa et al. 2004) and are therefore widely used
to evaluate the health of aquatic ecosystems as pollutants
which build up in the aquatic food chain can accumulate
and cause adverse effects including mortality (Farkas
et al. 2002). Due to lack of adequate capacity, heavy
metal contamination monitoring has been rare in Lake
Naivasha in Kenya despite frequent calls by researchers
for such monitoring. Cadmium (Cd), lead (Pb) and cop-
per (Cu), selected in this study, are regarded as serious
pollutants of aquatic ecosystems because of their envi-
ronmental persistence, toxicity and ability to be incor-
porated into food chains (Forstner and Wittmann 1983)
and hence the required obligatory monitoring of their
concentrations by WHO and FAO (Staniskiené et al.
2009). In addition Pb and Cd are some of the heavy
metals linked most with human poisoning. Cu is required
in small amounts as an essential element, but is toxic in
certain critical doses. Although some research has been
done in Lake Naivasha, including speciation studies on
some of the heavy metals in selected sites around the
lake, including the Malewa river Mouth, in 2003 (Kamau
et al. 2007) and analysis of As, Co, Cr, Cu, Ni, Pb and
Zn to determine the background geochemical contribu-
tions (Tarras-Wahlberg et al. 2002), none has directly
correlated heavy metal concentrations in sediments, water
and fish. Further, no studies have addressed the potential
impact of the recent commercial horticultural/floricultural
activities along the lake with respect to these heavy
metals. The objective of this study was to determine the
concentrations of Cd, Cu and Pb in surface water, sedi-
ment and C. carpio muscle tissue samples from selected
sites within Lake Naivasha, Kenya, and to assess the
potential impact of the recent anthropogenic activities on
their concentration levels.
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Methodology
Study area
Lake Naivasha and its catchment characteristics

Lake Naivasha (0.45°S, 36.26°E), located at an elevation
of 1,890 m above sea level, is a shallow freshwater lake in
Kenya’s Rift Valley, with an approximate area of 100 km?
and a depth of 3-6 m (Hickley et al. 2004). It is a Ramsar
site threatened by recent extensive human development
activities in its catchment. Some of the activities that
threaten the lake’s ecosystem include the disposal of
untreated effluents from industrial and human settlements,
discharge of contaminated irrigation wastewater from
small- and large-scale horticultural farms and inflow of
rivers from its upper catchment where wheat, fodder,
maize and cattle farming is practised (Kitaka et al. 2002;
Becht et al. 2005; Mireri 2005; Owiti-Otianga and Osewe
2007). The effluents which get into the lake vary in
composition and quantity and contain contaminants such
as heavy metals. Some of the main sources of heavy
metals into the lake include natural geochemical processes
and heavy usage of agrochemicals such as fertilizers and
pesticides in its catchment (Tyagi and Mehra 1990;
Alloway and Aynes 1993). The lake is shallow and has no
surface outlet and therefore there is potential accumulation
of contaminants in sediment, water and biota. Fish, par-
ticularly the benthivorous C. carpio, which forms 93% by
composition of all fishes in the lake, is likely to be
impacted by these contaminants and therefore provides a
good biological indicator (Hickley et al. 2004; Batvari
et al. 2007). The lake gets its water from three rivers;
Malewa (contributing about 90% of surface inflow), the
Gilgil and Karati (Figs. 1, 2). Malewa is perennial, has
tributaries originating from the slopes of Nyandarua
(3,700 m above sea level), passes through agricultural
areas and discharges directly into the lake. Some of its
sediment-laden plumes reach up to about 500 m into the
lake (Everaard et al. 2002). Gilgil, arising from 2,700 m
above sea level, is also perennial and passes through Gilgil
town carrying effluent from municipal wastes and pasto-
ralist and agricultural activities. Karati enters the lake
through various distributaries/channels which are not
perennial. The river starts from Kinagop plateau (2,600 m
above sea level) and passes through a catchment with
various agricultural farming activities. The natural geo-
chemical and erosion processes, wash off during rainfall as
well as anthropogenic disturbances in the upper catch-
ments of these rivers influence the heavy metal loads in
the northern part of Lake Naivasha. Distribution within the
lake water due to water currents is also evident and heavy
metal-laden particulate matter can be transferred to other
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Fig. 1 Socio-economic activities surrounding Lake Naivasha (WWF 2010)

parts within the lake. The southern part of the lake (Fig. 1)
is exposed to human activities including municipal and
industrial waste disposal, abstraction of water for irriga-
tion and intensive horticultural farming and use of fertil-
izers and pesticides which would influence heavy metal
concentrations and distribution in the lake. The physical
and biological changes as well as the various activities
within the Lake Naivasha catchment which form a strong
background of this study, have been described in detail in
numerous earlier publications including those of Harper
et al. (1995), Becht et al. (2005), Everaard et al. (2002),
Everaard and Harper (2002), Kitaka et al. (2002), Tarras-
Wabhlberg et al. (2002) and Mireri (2005). In particular,
some of the changing characteristics such as drop in water
levels through imbalance in evaporation losses and
depletion of the papyrus resulting in lack of water filtra-
tion can influence heavy concentrations as well as their
distribution and bio-accumulation in various trophic levels
in the food chain within the lake.

The catchment of Lake Naivasha is approximately
3,400 km? in area (WWF 2010) and has a mean annual
temperature, varying with altitude, ranging from 25°C on
the lake shore (1,890 m above sea level) to 16°C in the
Aberdare mountains (3,700 m above sea level). The
catchment has an annual bimodal rainfall pattern, with two
rainy seasons in April-May (long rains) and October—
November (short rains) and the annual average rainfall
ranges from 1,350 mm in the higher altitude upper catch-
ment to 600 mm near the shores of the lake. The sampling
period in this study (late March—early June 2010) captured
the long rainy season when agricultural activities were at
their peaks and there was surface runoff carrying contam-
inants into the lake

The sampling sites

The sampling points (Fig. 2) were purposively chosen based
on the possible routes of heavy metal residues into the lake

@ Springer



1124 Environ Earth Sci (2012) 67:1121-1130
Fig. 2 Lake Naivasha: the
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and included undisturbed areas which served as control.
Areas with intensive agricultural activities and wetland
discharge outlets around the lake represented disturbed
areas due to the potent influx of contaminants into the
aquatic ecosystem. Three chosen sites represented the dis-
charge points for the floriculture farms which form a major
agricultural activity around the lake and included Sher
Karuturi, Kasarani and Oserian discharge outlets, respec-
tively. The Mouths of Rivers Malewa and Karati served
as principal sample sites together representing upstream
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natural processes, anthropogenic activities and possible
contamination sources from their catchments as they
channel used surface water into the lake. In their course
downstream, many small-scale farmers divert water from
portions of the two rivers into their farms for irrigation
purposes and could potentially contaminate their waters
with agrochemical residues which they eventually discharge
into the lake. Hippo Point and Crescent Island characterized
by minimal anthropogenic activities; mostly boating and
fishing, served as undisturbed areas and hence control sites.
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Sampling and sample preparation

Samples were randomly collected in triplicates from the
seven sampling sites along Hippo Point, Kasarani, Mouth
of Malewa, Mouth of Karati, Crescent Lake, Sher Karuturi
and Oserian discharge outlet. In situ measurements were
also undertaken for water quality parameters namely dis-
solved oxygen (DO), pH, water temperature (°C), electrical
conductivity (uS/cm) and total dissolved solids (TDS)
using the Hydro lab YSI meter model 85. A total of 84
C. carpio were assayed.

Sampling bottles were pre-cleaned thoroughly with
detergent, soaked overnight in 6% nitric acid and thereafter
rinsed well with distilled water. These were then stored in a
dust-free place to avoid contamination. In the lake, a
sample of 500 mL of surface water was taken by
immersing the bottles and lifting them up. Immediately
after, 4 mL of nitric acid was then added to the water
samples to adjust the pH and maintain the heavy metals in
solution. In the laboratory, the water samples were filtered
into 100 mL pre-cleaned plastic bottles through Whatman
No. 42 to remove any suspended organic materials and
further prevent microbial growth, flocculation and
adsorption on container surfaces. The water samples were
then stored at 4°C in the refrigerator awaiting analysis.

Bottom surface sediment samples were taken from the
sites (at an average depth of 3 m) in triplicates using a
stainless steel Ekman grab sampler, stored in PTFE poly-
thene bags to avoid contamination for transportation to the
laboratory. In the laboratory, samples were dried in the
oven overnight at 110°C; before crushing in a mortar and
pestle and sieving using a 2 mm mesh to remove plant
parts and debris. One-gram (dry weight) portions were then
weighed into a 50-mL Pyrex digestion tube with 10 mL
mixture of concentrated nitric acid and concentrated
hydrochloric acid (4:1, aqua regia). The mixture was
digested for 3 h in a digestion block at 100°C, the contents
filtered through a 0.45 pm Whatman No. 42 filter paper
into a 50-mL volumetric flask and then made up to volume
with double-distilled water after addition of 1.5 mg/mL of
strontium chloride (analytical grade, SrCl,-6H,0). The
extracts were analyzed for Cd, Cu and Pb by FAAS at
wavelengths of 228.8, 324.7 and 283.3 nm, respectively,
and calibration standards in the range of 0.1-0.6 mg/kg.

Freshly caught C. carpio were bought from local fish-
ermen who were fishing at the different sampling sites and
placed in a cool box before being taken to the laboratory
for further processing and analysis. Research scientists
from Kenya Marine and Fisheries Research Institute
(KEMFRI) were consulted in the field for purposes of
C. carpio identification. In the laboratory, C. carpio sam-
ples were washed with distilled water, scales removed and
only muscle tissues without bone were taken for extraction

and analysis. Two portions of 10 cm?® area of wet fish

muscle were cut and homogenized in a pestle and mortar.
The digestion mixture for fish sample analysis was pre-
pared consisting of 0.42 g selenium powder (catalyst), 14 g
lithium sulphate (to improve the FAAS efficiency),
350 mL hydrogen peroxide and 420 mL sulphuric acid in
an ice bath (Okalebo and Gathua 1993). Then, 10 mL of
the digestion mixture was added to the 2 g wet weight
(ww) of fish muscle in the digestion tubes for digestion in a
digestion block for 2 h at 360°C until clear solutions were
obtained. Digests were then left to cool to ambient tem-
peratures (25°C) and the resulting solutions filtered using
0.45 pm Whatman No. 42 filter paper and volume topped
to 100 mL using distilled water for analysis as explained
above.

Chemical and data analysis

A flame atomic absorption spectrophotometer (FAAS), a
Thermo Jarrell Ash AA/AE spectrophotometer S11 model
was used in the analysis. All sample preparations and
analysis were carried out using standard methods of anal-
ysis. The concentrations of the metals were assayed in
triplicates by use of FAAS with acetylene flame. The
accuracy of the instrument was checked by triplicate
analysis of same samples. In addition, a standard and a
blank sample were run after every seven samples to check
instrumental drift. A series of standards were prepared for
instrument calibration by serial dilution of a working
solution (100 mg/L) prepared from analytical grade stock
solutions (1,000 mg/L) obtained from BDH Poole and
Sigma Aldrich. The percentage recoveries were determined
for all metals. Calibration curve method was used to
quantify the heavy metal concentrations. The concentra-
tions of the heavy metals in various matrices were pre-
sented as arithmetic mean with standard deviation
(mean =+ standard deviation). All statistical analyses were
done at p = 0.05 significance using ANOVA SIGMA
STAT.

Results and discussion
Water quality

Table 1 shows the results of the water quality parameters
that had been determined in situ at the study sites. Data
show an average of four measurements taken at each of the
seven sampling sites. The recorded limnological parame-
ters were within the required WHO drinking water desir-
able limits in terms of pH range, electrical conductivity,
total dissolved solids and dissolved oxygen concentration,
respectively. The main observations that can be mentioned

@ Springer



1126

Environ Earth Sci (2012) 67:1121-1130

Table 1 Limnological parameters obtained during sampling in Lake Naivasha compared with those of other lakes in Kenya

Site pH Temp (°C) Transp (cm) Conductivity (uS/cm) TDS (mg/L) DO (mg/L)
Hippo Point 8.53 £0.93 23.53 £ 1.67 34 3545 £ 21.92 175.5 £ 21.92 6.42 + 0.31
Kasarani 7.80 + 0.60 22.30 £ 0.43 28 3445 + 7.77 171.5 £ 12.02 524 + 1.64
Mouth of Malewa 8.66 + 1.05 23.16 £ 291 24 343.0 £ 15.55 170.0 £ 8.48 6.50 + 1.83
Mouth of Karati 8.49 + 0.71 23.36 £+ 1.40 26 339.0 £ 12.72 169.5 £+ 6.36 6.45 + 1.20
Crescent Island 8.59 +0.33 23.66 £+ 1.17 55 373.0 £ 16.97 187.5 £ 6.36 6.50 £ 0.70
Sher Karuturi 7.76 £ 0.86 2246 + 1.22 25 346.0 £ 14.14 162.0 £+ 2.82 6.50 £+ 0.70
Oserian outlet 8.89 + 0.68 23.70 £+ 2.33 26 369.5 £ 34.64 181.0 £ 15.55 6.80 + 0.84
WHO (1984) 6.50-8.50 1,500 1,000 4.50-7.50
L. Naivasha® 9.2 20 80 320 nl nl

L. Nakuru® 10.3-11.3 19-20 6-10 22,000-27,500 nl nl

L. Bogoria® 10.8-10.9 28-50 5 12.500-14,500 nl nl

L. Elementaita® 10.1-11.1 22-48 5 34,000-65,000 nl nl

L. Baringo® 8.2-8.7 29-31 5 920-1,000 nl nl

L. Kanyaboli* 7.4-8.0 24-27 0.30-0.45 360-725 nl nl

L. Victoria® 7.1-8.1 24-28 5-180 91.8-220 nl 3.8-7.2

Temp temperature, Transp transparency, TDS total dissolved solids, DO dissolved oxygen, WHO WHO desirable and maximum allowable limits

for drinking water, n/ not in literature cited
? Ochieng et al. (2007)
® Ochieng et al. (2006); n = 4

include lower dissolved oxygen concentration at Kasarani
and lower transparency of the water at Mouth of Malewa
which could be due to presence of algae, as this part of the
lake is least disturbed. The limnological data are also
compared with those of other freshwater systems in Kenya.
These parameters indicate that Lake Naivasha is suitable
for aquatic life and for human use. The lake is slightly
alkaline but the pH level is comparable with that recorded
earlier by Ochieng et al. (2007). The electrical conductivity
represents the quantity of dissolved salt in the freshwater
and has been used by researchers as a general indication of
their potential productivity. The conductivities in Kenya
are known to be influenced by the carbonate salts which
account for up to 80% of the conductivity in most cases,
the remaining electrolytes including phosphates, and
nitrates existing in relatively lower concentrations
(Ochieng et al. 2006). It is expected that the higher the
electrical conductivity of the water, the higher the water pH
(Ochieng et al. 2006) and this is also evident in the other
closed Rift Valley lakes including Lakes Nakuru, Bogoria
and Elementaita. These limnological parameters can also
vary from one location to another on the same water body
and therefore the slight differences seen in the values of
these Lake Naivasha parameters are expected. The massive
fish kills, observed in February 2010, caused by rapid
changes in water quality including a decrease in oxygen
levels to zero leading to hypoxic conditions as well as an
increase in TDS from 242 and 453 mg/L, respectively,
indicate the important need to avoid localized degradation
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of water quality (Gichuki et al. 2010). These rapid physico-
chemical changes were reportedly caused by a drop in
water level to 1.5 m and an inflow of floodwaters con-
taining decaying vegetation, animal dung and other wastes
during El Nino rains (Gichuki et al. 2010).

Heavy metal concentrations in water

Overall, high % recoveries of 88, 89, 87 (sediment), 89, 92,
90 (water) and 91, 93, 96 (fish muscle) were obtained. The
results in Table 2 indicate that lead is the most predomi-
nantly detected metal in water samples but only in samples
from the Mouths of Rivers Malewa and Karati and from
Sher Karuturi and Oserian discharge outlets. The concen-
trations were, however, low and in the ppb range. Cu and Cd
concentrations were only detected at the Sher Karuturi
discharge canal indicating possible significant inflows from
the flower farms. Most of the metal concentrations were
below quantification limits (png/L) of 100 (Pb), 30 (Cu) and
10 (Cd) as indicated in Table 2. The amounts of Pb, Cu and
Cd at Hippo Point, Kasarani and Crescent Island were, as
expected, below quantification limits. At Sher Karuturi, all
the three metals, Pb, Cd and Cu were detected, whereas at
Oserian outlet only Pb was detected, with Cd and Cu being
below quantification limits. Elevated levels of Pb concen-
trations in water samples from Sher Karuturi and Oserian
outlet are attributable to inflow from the flower farms. The
high concentrations of Pb in water at these sites are of
concern because Pb is among heavy metals, such as Hg, As,
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Table 2 Heavy metal concentrations in water and sediment
Sampling site Water (pg/L) Sediment (mg/kg dry weight)

Pb Cd Cu Pb Cd Cu
Hippo Point <100.00 <10.00 <30.00 17.11 £ 0.10 2.09 £ 0.003 3.00 £ 0.005
Kasarani <100.00 <10.00 <30.00 26.75 £ 0.09 2.19 £ 0.003 8.22 + 0.010
Mouth of Malewa 179.83 + 0.01 <10.00 <30.00 53.07 £ 0.07 2.74 £ 0.004 8.48 + 0.101
Mouth of Karati 127.49 + 0.01 <10.00 <30.00 47.37 £+ 0.09 3.28 £ 0.003 3.66 £ 0.011
Crescent Island <100.00 <10.00 <30.00 20.47 £ 0.00 1.18 £ 0.004 3.00 + 0.010
Sher Karuturi 108.63 £ 0.10 10.06 £ 0.003 32.33 £ 0.01 34.21 £ 0.06 2.38 £ 0.003 5.85 £ 0.005
Oserian outlet 108.63 + 0.11 <10.00 <30.00 36.84 £ 0.18 5.58 £ 0.002 6.36 £ 0.011
KEBS?* 50 nl 100
WHO HDL® nl nl 50
WHO MPL* 100 10 1,000
WHO TC* 100 10 2 x 10¢
LEL 31.0 0.60 16.0
TEC 35.8 0.99 31.6
SEL 250 10.0 110.0
L. Naivasha® 42.1 8.0 4.70 254 0.73 10.33
L. Nakuru® 106-503 3.0-43.0 5.0-100 10.9-18.5 0.39-0.57 1.46-3.70
L. Bogoria® 38-313 5.0-41 10-90 21.4-39.0 0.20-0.92 1.95-4.68
L. Elementaita® 38-188 3.0-25.1 5.0-40 14.7-28.3 0.05-1.18 5.85-9.26
L. Baringo® nd-65.1 2.0-5.0 5.0-20.2 16.6-21.8 0.57-0.76 15.1-21.0
L. Victoria 7.0-44.4 nd-3.1 5.1-25.0 22.5-186.1 0.19-1.35 20.4-57.3
L. Victoria® <3.83 <1.79 <1.53-3.86 31.1-138 0.73-1.91 22.8-100.0
Back” 23 +3.7 0.20 £ 0.1 21 + 6.4
Shale’ 20 0.30 45

Data presentation: mean =+ standard deviation, n = 3, quantification limits: Pb—100,000 pg/L, Cd—10.000 pg/L and Cu—30.000 pg/L. The

concentrations in water refer to acid soluble metals

nl not in literature cited, LEL lowest effect level in sediment, TEC threshold effect concentration in sediment, SEL severe effect concentration in

sediment (Oztiirk et al. 2009)
* Kenya Bureau of Standards drinking water limits

® WHO highest desirable level in drinking water

¢ WHO maximum permissible level in drinking water

d
¢ Ochieng et al. (2007)
 Ochieng et al. (2006)
€ Ongeri et al. (2009a)
h Background levels (Adamo et al. 2005)
i Average shale concentration (Jain 2004)

and Cd, detected frequently in fertilizers and linked most to
human poisoning. These results also show the impact of
anthropogenic activities upstream in the catchment of the
lake. Although Cd and Cu were below quantification limits
at the Mouths of Rivers Malewa and Karati, high Pb levels
were detected at these sampling points which could indicate
Pb coming in through wash off from upstream; most likely
from the roads because of the use of leaded gasoline. The
use of leaded gasoline was banned in 2006 in Kenya but Pb
may still be persisting in the environment even though no
new residues are likely to be added into the environment

WHO threshold concentration for aquatic life tolerance (safe for most fish)

from this source now. Pb residues could also be coming
from upstream bound to sediment and other particulates
from natural sources and from anthropogenic activities
including farming. High levels (nug/L) of Cd (range 3-40),
Cu (range 5-100) and Pb (range 106-563), attributable
to anthropogenic sources, have also been reported in L.
Nakuru (Ochieng et al. 2007). The water at Kasarani, Hippo
Point and Crescent was, as expected, found to be relatively
clean with respect to the three heavy metals.

The concentrations of the three metals in water were
also compared with those of other lakes in Kenya as well as
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with Kenyan and WHO acceptable standards which indi-
cated that Lake Naivasha water, especially at the Mouths of
the Rivers Malewa and Karati and at Sher Karaturi and
Oserian outlets, may be polluted with Pb since the con-
centrations in water samples from these sampling points
are higher than the KEBS drinking water limits as well as
the WHO highest desirable level in drinking water, the
WHO maximum permissible level in drinking water and
WHO threshold concentration for aquatic life tolerance,
respectively (Table 2). The water concentrations of Pb at
these contaminated sites were only comparable with Lake
Nakuru but were above all the levels detected in most other
Kenyan lakes (Table 2). Cu and Cd were, however, within
acceptable limits because their concentrations were lower
than the Kenyan and WHO endpoints and comparable with
those of other Kenyan rift valley lakes.

Heavy metal concentrations in sediments

The heavy metal contents in sediments (mg/kg dry weight)
are also presented in Table 2 with quantification limits of
0.1 (Pb), 0.01 (Cd) and 0.03 (Cu), respectively. The data
indicate that Pb is the most concentrated followed by Cu
and Cd. The highest Pb and Cu contents were found in
sediment samples from the Mouth of Malewa River which
could be due to the inflow of contaminated sediments from
the catchment as explained in the previous section. The
data also indicate that Cd and Cu concentrations in sedi-
ments are low which can be explained by assuming that
most of the Cd and Cu inflows into the lake are still in
dissolved form, still suspended in water and not settled at
the bottom due to water turbulence and/or that most of the
Cd and Cu is taken up by aquatic plants. The Crescent Lake
and Hippo Point, as expected, had the lowest levels of these
metals in the sediments, most likely due to lack of dis-
charge canals and other inflows. However, the impact of
anthropogenic activities is shown by the high concentra-
tions of Pb. The mean heavy metal concentrations in all
sediments showed wide variations (p < 0.05) among sites,
with ranges (mg/kg) from 17.00-37.03 (Pb), 1.18-5.58
(Cd) and 2.99-8.578 (Cu).

The sediments from the Mouths of Rivers Malewa and
Karati, Sher Karuturi and Oserian outlet indicated Pb
concentrations above the TEC whilst Hippo Point, Crescent
Island and Kasarani had concentrations below the LEL
(Table 2). The TEC level marks the significance of this
study as it is the concentration at which heavy metals are
beyond permissible lowest effect level and can have sig-
nificant effects on ecological components. The Mouths of
Malewa and Karati are key sources of sediment deposition
into the lake as they originate from the upper catchment
areas, as described earlier, and are the major inlets into the
lake. In addition, a major highway above the Malewa
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Bridge could also be a contributing factor with respect to
motor vehicle Pb emissions and deposition on roadside
soil. The Sher Karuturi and Oserian flower farm discharge
outlets showed significant Cd and Cu metal loads as well,
which could be attributed to the agrochemicals use,
although Cu concentrations were below the LEL (Table 2).
The Mouth of River Malewa still had the highest concen-
tration of these metals in sediments showing that they
emanate from natural processes through erosion and
anthropogenic activities upstream.

Heavy metal concentrations in Cyprinus carpio muscle
tissues

The results of the C. carpio assay presented in Table 3
indicate that Pb is the most predominant metal in the fish
followed by Cd and Cu, respectively. The highest Pb
content was found in C. carpio caught at the Mouth of
Malewa river with the lowest concentration in C. carpio
caught at Crescent Island. The ranges of heavy metals in
muscle (in mg/kg wet weight) were 1.16-2.30 (Cu),
1.06-1.73 (Cd) and 5.12-58.16 (Pb).

The results also show that fish from Lake Naivasha are
more exposed to these heavy metals than fish from Lake
Victoria. The difference in contamination levels can be
explained by the differences in the two species, L. niloticus
and C. carpio, and differences in their feeding habits.
However, considering water, sediment and fish concentra-
tion data, together, the results indicate that Lake Naivasha
is more polluted in terms of Pb and Cd. The concentration
levels of Pb and Cd in edible muscle of C. carpio are much
higher than those in edible muscle of L niloticus from
Winam Gulf of Lake Victoria and are also above the
maximum allowable FAO limits for edible portions of fish.

Conclusions and recommendation

The study shows that Lake Naivasha, in some parts, is
polluted with Pb, Cu and Cd which can be originating
mostly from the lake’s upper catchment activities and the
surrounding horticultural farming activities. The important
potential pollution sources into the lake include the flower
farms and Mouths of River’s Malewa and Karati. Based on
the chemical composition of samples collected from Sher
and Oserian discharge outlets, the horticultural farming
sector is a significant source of Cu, Pb and Cd. This is
thought to be due to the intensive use of agrochemicals
containing these heavy metals. There is need, therefore, to
carry out more investigations within the farms and in the
canals in order to confirm this conclusion and initiate
mitigation measures, if necessary. However, samples col-
lected from Crescent Island, Hippo Point and Kasarani
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Table 3 Heavy metal concentrations (mg/kg wet weight) in C. carpio muscle compared with other freshwater fishes from other lakes and with

FAO acceptable standards

Sampling sites Pb Cd Cu
Hippo Point 33.63 £+ 0.160 1.59 £ 0.002 1.66 + 0.005
Kasarani 15.07 £ 0.176 1.73 £ 0.002 <0.03
Mouth of Malewa 58.11 £ 0.050 1.06 £ 0.004 2.12 + 0.011
Mouth of Karati 48.03 £+ 0.081 1.07 £ 0.003 <0.03
Crescent Island 5.21 + 0.088 1.60 + 0.003 <0.03
Sher Karuturi 41.23 £+ 0.044 1.13 £ 0.002 2.29 + 0.006
Oserian Outlet 29.46 + 0.101 1.27 £ 0.002 1.83 + 0.011
Lake Victoria®

Lates niloticus 0.08-0.170 0.029-0.035 0.53-1.03

Rastrineobola argentea 0.09-0.31 0.032-0.033 1.15-1.56
Taiwan®

Farmed tilapia 0.04-0.75 nl 0.32-1.48
Mexico®

Oyster muscle 4.13-8.49 1.55-7.45 17.50-166.30
MAL? 2.0 0.3 20

Data presented as mean + SD, n = 3, quantification limits: Pb—0.1 mg/kg, Cd—0.01 mg/kg, Cu—0.03 mg/kg

nl not found in literature
* Muscle of fish from Dunga Beach, Kisumu (Ongeri et al. 2009b)
® Muscle of fish from fish farms (Min-Pei et al. 2009)

¢ Soft tissue of C. corteziensis from lagoons (Frias-Espericueta et al. 2009)

9 Maximum allowable concentration in edible portions of fish (Nauen 1983)

areas, which are not impacted by human activities, showed
relatively low concentrations of Cu, Pb, and Cd.
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