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Abstract

Concentrations and distribution of cadmium, chromium, copper, iron, lead, manganese and zinc in mosquito larval habitats in urban
Kisumu and Malindi, Kenya and their effect on the presence of Anopheles gambiae, Aedes aegypti, Culex quinquefasciatus and Anopheles
funestus larvae were investigated. Manganese and iron were the most prevalent heavy metals in water of larval habitats in urban Kisumu
and Malindi, respectively. Iron was the most prevalent heavy metal in bottom sediments in larval habitats in both cities. The highest
concentrations of all heavy metals, except cadmium and iron, were recorded in the poorly planned—well drained stratum in the two cities.
All heavy metals were more concentrated in human-made than in natural larval habitats. Copper was positively associated with the
presence of Ae. aegypti, and lead was associated with the presence of An. gambiae and Ae. aegypti in urban Kisumu. Absence of
significant correlation between the other metals and mosquito species in both cities, despite relatively high concentrations, suggest that

the local larval populations, including key malaria vectors have adapted to the detected levels of these metals.

© 2007 Elsevier Inc. All rights reserved.
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1. Introduction

Heavy metals such as cadmium, chromium, copper, iron,
lead, manganese and zinc are environmentally dangerous
substances, and this necessitates their surveillance in
aquatic environments. Low concentrations of heavy metals
occur in natural aquatic ecosystems, but recent expansions
in human population growth, industry, and peri-urban
agricultural activities in African cities have led to an
increase in heavy metal occurrence in excess of natural
loads (Biney et al., 1994).
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Environmental studies on the distribution of heavy metals
have been conducted in water, sediment, fauna, and flora
throughout Africa, with an emphasis on sediment in large
water bodies such as rivers and lakes (Biney et al., 1994).
Most of the studies in Kenya have centered on Winam Gulf
of Lake Victoria (Onyari and Wandiga, 1989; Wandiga and
Onyari, 1987; Urasa and Onyari, 1986) and on the Indian
Ocean shoreline (Kamau, 2002; Rees et al., 1996). Within
these environments, significant increases in some heavy
metals have been observed and attributed to car washes,
ship traffic, and industrial and municipal discharge (Onyari
and Wandiga, 1989). However, information is lacking on the
association between human activities and the distribution of
heavy metals within such environments.

Water quality is rarely monitored in Kenya on a regular
basis (JICA, 2002), leading to a lack of reliable information
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on heavy metal concentrations in areas of urbanization and
industrialization. Moreover, only 50% of the Kenyan
population has access to adequate sanitation facilities, and
no more than 30% of the 142 urban areas in Kenya have
functional sewerage systems, which leads to the dumping of
sewage and human waste directly into the environment
(JICA, 2002). Sewage typically contains high concentra-
tions of heavy metals (Nriagu and Pacyna, 1988). Also
common in Kenya are the combustion of fossil fuel (i.e.
leaded gasoline) and the un-regulated disposal of used
batteries and motor oil, which are also important sources
of heavy metal pollution (Chang and Cockerham, 1994).
Heavy metal pollutants, irrespective of the source, ulti-
mately end up in aquatic systems (Nriagu and Pacyna,
1988).

Heavy metal pollution can have a devastating effect on
the ecological balance of aquatic environments, limiting
the diversity of aquatic organisms and plants. For
instance, there are indications that the level of pollution
in water bodies directly influences the diversity and
abundance of larval stage mosquito species (Chinery,
1984, 1995; Coluzzi, 1993; Coene, 1993). Anopheles
mosquito populations are typically lower in urban envir-
onments as compared to rural environments because of
high levels of human pollution and perturbation (Trape
and Zoulani, 1987). The level of heavy metal contamina-
tion may play a limiting role on Anopheles mosquito
populations in urban environments. However, no data on
concentrations or biological effects of heavy metals in
habitats of mosquito larvae located in these urban areas
has been published.

This study was initiated to (1) establish a baseline of
existing levels of heavy metals in potential mosquito larval
habitats in the urban areas of Kisumu and Malindi, Kenya;
(2) examine the distribution of heavy metals and potential
mosquito larval habitats in relation to drainage and
planning in the urban environment; and (3) examine the
relationship between heavy metal concentrations and the
presence of mosquito larvae in water bodies. Herein we
report our findings.

2. Materials and methods
2.1. Study areas

Urban Kisumu (00°06'S 034°45'E) is located on the shores of Lake
Victoria, Kenya, with a population of about 329,000 (Kenya National
Bureau of Statistics, 1999). Kisumu experiences long and short rain
seasons from March to May and September to December, respectively.
The mean annual rainfall level is between 1000 and 1500 mm. The species
of Anopheles mosquitoes in the Kisumu region include Anopheles
arabiensis Patton 1905, Anopheles funestus Giles (Bruhnes 1978) and
Anopheles gambiae sensu stricto Giles 1902 (Githeko et al., 1993). Urban
Malindi (03°21’S 40°10'E) is located on the shore of the Indian Ocean in
Kenya with a population of about 120,000 (Kenya National Bureau of
Statistics, 1999). Malindi experiences long and short rainy seasons from
April to June and October to November, respectively. The mean annual
rainfall level is between 750 and 1200mm. The species of Anopheles

mosquitoes on the coast of Kenya include An. arabiensis, An. funestus, An.
gambiae s.s. and Anopheles merus Donitz 1902 (Mbogo et al., 1995).

2.2. Sampling design and procedure

A survey of cadmium, chromium, copper, iron, lead, manganese and
zinc concentrations, and presence of An. gambiae sensu lato, An. funestus,
Aedes aegypti Linnaeus 1762, and Culex quinquefasciatus Say, 1823 in
water bodies was conducted in urban Kisumu (July 7-24, 2002) and
Malindi (June 17-24, 2002). The sample frame used in this study has been
described in detail elsewhere (Macintyre et al., 2002; Keating et al., 2003).
Briefly, the sampling design involved segmentation of each study area into
a series of 270 m x 270 m grid cells, which corresponded to a 9 pixel x 9
pixel LANDSAT Thematic Mapper remote sensing satellite imagery
(National Aeronautics and Space Administration Goddard Space Flight
Center, Greenbelt, MD). A total of 317 grid cells fell within the Kisumu
and 244 within the Malindi study areas. District development plans,
existing town maps, GIS base maps, house spacing, presence or absence of
engineered drainage systems, types and patterns of roads, and community
water sources were examined to determine whether an area was planned or
unplanned. Well-drained areas versus poorly drained ones were deter-
mined by the presence or absence of functional engineered drainage
systems and topographic features. The resulting sample frame consisted of
four strata: (1) well planned-well drained, (2) poorly planned-well
drained, (3) well planned—poorly drained, and (4) poorly planned—poorly
drained. The number of grid cells selected for heavy metal and water body
sampling in each city was proportional to the size of the strata over the
entire city. Ninety-six and 73 grid cells were selected in Kisumu and
Malindi, respectively, representing approximately 30% of the total
number of grid cells. Well planned-well drained, well planned—poorly
drained, poorly planned—well drained, and poorly planned—poorly drained
strata were represented by 32, 5, 8 and 51 cells, respectively, in Kisumu,
and 17, 20, 4 and 32 cells, respectively, in Malindi.

Once the selected grid cell was identified, the center of the cell was
located and a direction was randomly selected from the center. The first
water body encountered in this direction was selected for sampling. When
no habitat was encountered in the first direction, the search was extended
in the opposite direction. All water bodies encountered were considered
potential larval habitats, and sampled for mosquito larvae and for heavy
metal concentrations. Water bodies were classified as either natural or
human-made. Natural habitats were defined as any water body that did
not originate from human activities. Natural habitats included ponds,
swamps, and springs. Human-made habitats included domestic and
industrial drainage ditches, discarded car tires, sewage pools, and water
tanks.

Water samples (250ml) were collected in two replicates in plastic
bottles and were immediately acidified to pH<2.0, by adding 1 ml of
analytical grade concentrated HNOj. This was done to prevent heavy
metal adsorption into the container walls as well as to inhibit the activity
of micro-organisms, which might cause changes in trace metal levels in the
water samples. Using a sampling corer, bottom sediment samples (up to
12cm depth), where available e.g. in ponds as opposed to discarded car
tires, were collected in two replicates, placed in plastic bags, and
immediately stored at 4°C. Larval samples were collected from the
habitats using standard mosquito-sampling dipper (350ml), and were
immediately preserved in absolute ethanol for identification. Larvae were
identified using morphological characteristics (Gillett, 1972).

2.3. Water and soil sample processing and heavy metal
determination

Water samples were subjected to acid digestion to remove suspended
solid particles. Briefly, 100 ml of each sample solution were placed in 50 ml
of HNOj (Analar gradel:1); digested by gently heating the solutions until
the volume was reduced to a third of its original volume. The solution was
allowed to cool to room temperature before 20 ml of HCI (1:1) was added
and then gently heated for another 10 min to complete the digestion. The
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solutions were filtered, and the filtrate volume adjusted to 100 ml with
distilled water and stored in plastic bottles.

Sediment samples were oven dried at 50 °C for 12 h and ground using a
pestle and mortar. The powders were sieved through a 5075 um screen. A
portion of the sample (1 g) was placed in Teflon beakers, acidified with
2ml of concentrated HNO; and evaporated to dryness at 80°C. The
samples were further digested in a concentrated mixture of HNO3;, HCIO,
and HF (30:2:10 by volume) at 60°C. They were then evaporated to
dryness by gradually raising the temperature to 120 °C to remove HClOy,.
Digestion was completed by the addition of 30% H,O, to remove residual
biological material, and the solutions filtered into plastic containers. The
residues were rinsed with 0.1 M HCI and the filtrate volume adjusted to
100 ml with distilled water. Procedural blanks and standards were taken
through similar processing, storage and digestion. Quantitative determi-
nation of cadmium, chromium, copper, iron, lead, manganese, and zinc
were conducted separately in the water and soil samples with a Buck
Scientific 210VGP atomic absorption spectrophotometer (Buck Scientific,
East Norwalk, Connecticut, USA) according to the manufacturer’s
instructions.

2.4. Data analyses

One-way analysis of variance (ANOVA) was used to compare heavy
metal concentrations in water and sediment samples among strata within
each town, and Tukey HSD post-hoc test used to determine which strata
were significantly different in terms of metal concentrations. ANOVA was
also used to compare metal concentrations between Kisumu and Malindi,
and between natural and human-made larval habitats. For each metal,
analyses were conducted on metal concentrations in water and sediment
samples. Pearson correlation coefficient was used to determine if a
relationship existed between metal concentrations for both water and
sediment samples. The same analysis was used to establish correlations
between different metal ions in water and sediment phases. Since some
response variants had less than five entries, Fisher’s Exact Test was used to
identify relationships between metal concentrations and the presence or
absence of the respective mosquito larvae species. For Fisher’s Exact Test,
concentrations of each metal were dichotomized into either low or high
category relative to the mean concentrations. In all analyses, P value
below 0.05 was considered significant. All analyses were conducted using
SPSS statistical software (SPSS Corporation, Chicago, Illinois Statistical
Package version 11.5).

3. Results

Fifty-six of the grid cells sampled in Kisumu and 25 in
Malindi contained no water bodies. Accordingly, 14, 5, 2

Table 1

and 19 water bodies in Kisumu and 15, 9, 4 and 27 water
bodies in Malindi were sampled from well planned—well
drained, well planned—poorly drained, poorly planned—well
drained, and poorly planned—poorly drained strata respec-
tively.

3.1. Distribution of heavy metals in habitats in Kisumu and
Malindi water

In the comparison of metal concentrations, concentra-
tion of manganese in human-made habitats was signifi-
cantly higher (F = 4.804, P<0.05) in Kisumu than in
Malindi (Table 1). Copper, lead and zinc concentrations
were higher in natural habitats located in Malindi than
those located in Kisumu, while cadmium, chromium and
iron concentrations were also similar between the cities
(Table 1). With the exception of cadmium in habitats
located in Malindi, concentrations of all the other metals
were consistently higher in water from human-made than
from natural larval habitats located in both Kisumu and
Malindi (Table 1). The biggest difference involved copper,
where more than a three-fold difference was observed in
Malindi. Correlations between most metal concentrations
in water samples were significant in Malindi, except
between cadmium and chromium, lead or manganese and
lead and manganese (Table 2). The number of significantly
correlated pairs of heavy metals was lower in Kisumu, and
included copper and cadmium, lead and cadmium or
copper, manganese and copper or lead, and zinc and
chromium, iron or manganese (Table 2). Apart from
cadmium and iron, highest concentrations of metals in
Kisumu, were recorded in the poorly planned—well drained
stratum, while in Malindi this was so without exception
(Table 3). Concentrations of all the metals in habitats in
Kisumu were similar among the strata (Table 3). In
Malindi, there was significant variation in the distribution
of copper (F.. =5.262, P<0.01), iron (F__ = 6.462,

(3.51) 3.51)

P<0.01) and zinc (F__ = 9.123, P<0.001) among strata,

with poorly plannegi)well—drained stratum having the

highest concentrations (Table 3).

Mean heavy metal concentrations (ppm+SE) in water of larval habitats in urban Kisumu and Malindi

Metal Kisumu Malindi
Natural Human-made Overall Natural Human-made Overall

Cadmium 0.00540.003 0.009+0.002 0.01040.002 0.0144-0.006 0.007+0.001 0.010+0.001
Chromium 1.38940.326 1.93540.258 1.81340.214 0.00040.000 1.75540.207 1.6824+0.201
Copper 0.048 40.008 0.12940.032 0.111+0.025 0.05940.000 0.206+0.066 0.201+0.063
Iron 5.62742.348 6.3504+1.347 6.1884+1.157 2.46540.036 6.1704+2.524 6.0184+2.387
Lead 0.2314+0.097 0.496+0.159 0.440+0.126 0.386+0.267 0.628+0.153 0.610+0.145
Manganese 5.30241.581 9.13543.458* 8.2704+2.703 2.0154+1.461 2.93140.748 2.85040.710
Zinc 0.3164+0.062 0.42140.106 0.397+0.083 0.18740.026 0.520+0.185 0.505+0.175

Number of natural habitats in Kisumu and Malindi are 12 and 3 respectively.

Number of human made habitats in Kisumu and Malindi were 45 and 74 respectively.
*Significantly different at the 0.05 level (2-tailed) of P across the row on similar column in Malindi.
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Table 2

Pearson correlation coefficients (r) for correlations between various heavy metals in water of various larval habitats in urban Kisumu (n = 40) and Malindi

(n = 55)

Metal Kisumu Malindi

Cadmium  Chromium Copper Iron Lead Manganese Cadmium Chromium Copper Iron Lead Manganese

Chromium  —0.08 0.14

Copper 0.48%* 0.08 0.33%* 0.55%*

Iron 0.08 0.04 0.27* 0.34* 0.91%*

Lead —0.13 0.82** 0 0.19 0.29* 0.51%%  (0.45%*

Manganese 0.22 0.52**  0.31 0.35% 0.14 0.48** 0.60%*  0.46%* 0.26

Zinc 0.42%%* 0.26 0.46*%*  0.05 0.79** 0.34* 0.45%%* 0.93**  0.94** 0.46** 0.56**

**Correlation is significant at the 0.01 level (2-tailed) of P.

*Correlation is significant at the 0.05 level (2-tailed) of P.

Table 3

Mean concentrations of heavy metal (ppm) in water of larval habitats in various strata in urban Kisumu and Malindi

Metal Strata Kisumu Malindi

n Mean+SE n Mean+SE

Cadmium Well planned-well drained 14 0.006+0.003* 15 0.006+0.002*
Well planned—poorly drained 5 0.010+0.004* 9 0.005+0.002*
Poorly planed-well drained 2 0.008 +0.008* 4 0.016+0.006*
Poorly planned—poorly drained 19 0.009+0.003* 27 0.007+0.002*

Chromium Well planned-well drained 14 1.786+0.340* 15 1.004+0.250*
Well planned—poorly drained 5 1.750+0.500% 9 1.5284-0.455%
Poorly planed—well drained 2 3.125+1.875* 4 2.8134+0.786*
Poorly planned—poorly drained 19 1.711+£0.320% 27 1.944+0.315%

Copper Well planned-well drained 14 0.084+0.023% 15 0.076+0.014°
Well planned—poorly drained 5 0.139+0.060% 9 0.12340.049°
Poorly planed-well drained 2 0.15440.095* 4 1.04140.738*
Poorly planned — poorly drained 19 0.118+0.047% 27 0.17240.050°

Iron Well planned-well drained 14 5.939+2.445* 15 2.931+0.479°
Well planned—poorly drained 5 6.819+4.293% 9 3.242+0.725°
Poorly planed—well drained 2 5.358+2.572* 4 38.9+31.7%
Poorly planned—poorly drained 19 6.292+1.341% 27 3.794+0.426°

Lead Well planned-well drained 14 0.3404+0.087* 15 0.44440.091*
Well planned—poorly drained 5 0.391+0.187* 9 0.300+0.093%
Poorly planed-well drained 2 0.870+0.000* 4 1.629+0.889*
Poorly planned—poorly drained 19 0.4734+0.255% 27 0.657+0.254*

Manganese Well planned-well drained 14 3.954+1.688* 15 1.3664+0.997*
Well planned-poorly drained 5 4.535+1.470% 9 2.965+2.152%
Poorly planed-well drained 2 13.5+5.1* 4 6.813+4.605*
Poorly planned-poorly drained 19 12.145.4% 27 3.058 +0.926%

Zinc Well planned—well drained 14 0.34740.099* 15 0.245+0.107°
Well planned—poorly drained 5 0.419+0.155* 9 0.218+0.083°
Poorly planed-well drained 2 0.83140.433* 4 3.206+2.055*
Poorly planned—poorly drained 19 0.388+0.150% 27 0.34440.088°

Means with different superscripts are significantly different from each other at 0.05 levels of P (Tukey HSD).

3.2. Sediments

Iron was the most prevalent metal in the sediments of the
habitats in both Kisumu and Malindi. Iron (F, = 10.444,
P<0.01) and manganese (F, , = 21.781, P<0.01) concen-
trations were significantly higher (P<0.05) in sediments of

habitats in Kisumu than in Malindi (Table 4). With the

exception of cadmium and lead in Kisumu, concentrations
of all the metals in sediment were higher in natural than in
the human made habitats in Kisumu, while in Malindi,
concentrations of all the metals were lower in natural than
in human made habitats (Table 4). In both Kisumu and
Malindi, concentrations of each metal in sediment except zinc
were similar among strata. In Kisumu the concentrations
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Table 4

Mean heavy metal concentrations (mg/kg+ SE) in sediments of larval habitats in urban Kisumu and Malindi

Metal Kisumu Malindi
Natural Human-made Overall Natural Human-made Overall

Cadmium 0.003+0.002 0.013+0.004 0.009+0.003 0.0124+0.012 0.003+0.001 0.004+0.002
Chromium 8.750+2.989 4.643+0.952 6.012+1.214 1.87540.625 4.352+1.006 4.104+0.919
Copper 0.461+ 0.259 0.452+0.167 0.455+0.137 0.2484+0.036 0.886+0.439 0.82240.396
Iron 949.2+221.3 676.8+74.7 767.6+90.2% 398.6+143.1 363.0+93.8 366.5+84.8
Lead 0.728+0.178 1.510+0.525 1.24940.360 1.250+0.000 2121+ 0.758 2.03440.683
Manganese 109.7+24.01 93.7+14.2 99.0+12.2* 2.596+0.878 24.4+12.1 222+11.0
Zinc 2.218+0.613 1.561+ 0.242 1.78040.260 1.4204+0.522 1.24240.228 1.260+0.208

Number of natural habitats in Kisumu and Malindi are 7 and 2 respectively.

Number of human made habitats in Kisumu and Malindi were 14 and 18 respectively.
*Significantly different at the 0.05 level (2-tailed) of P from across the row on similar column in Malindi.

Table 5

Pearson correlation coefficients (r) of correlations between various heavy metals in sediments of various larval habitats in urban Kisumu (rz = 21) and

Malindi (n = 20)

Metal Kisumu Malindi
Cadmium Chromium Copper Iron Lead Manganese Cadmium Chromium Copper Iron Lead  Manganese
Chromium  —0.16 0.07
Copper 0.39 —0.06 —0.14 0.06
Iron 0.07 0.38 0.24 —0.07 0.28 0.72%*
Lead —0.02 0.03 0.15 0.29 -0.13 0.15 0.92%*  0.82%*
Manganese 0.18 0.4 0.35 0.62** (.39 0.15 0.3 —0.04 0.45* —0.03
Zinc —0.24 0.01 —0.13 0.15 0.05  0.11 0.16 0.09 0.51*  0.44 035 0.33

**Correlation is significant at the 0.01 level (2-tailed) of P.
*Correlation is significant at the 0.05 level (2-tailed) of P.

were 1.489+40.215, 2.5244-0.224, 3.035+1.143 and 1.435+
0.330 ppm while in Malindi, zinc concentrations were 1.089 +
0.181, 0.9414+0.211, 2.57540.363 and 0.82940.304 ppm, in
well planned-well drained, well planned—poorly drained,
poorly planned-well drained, and poorly planned—poorly
drained, respectively. In Kisumu, manganese and iron con-
centrations were significantly correlated, while in Malindi,
this was the case between copper and iron, lead and zinc, and
between iron and lead and manganese (Table 5). Cadmium
and copper concentrations in water and sediments were
significantly correlated (P<0.05, Pearson correlation) in
habitats located in Kisumu; this was the case with cadmium
in habitats located in Malindi.

3.3. Mosquito species composition in habitats and
association with heavy metal concentrations

Most of the habitats in Kisumu (77%) and Malindi
(95%) were human-made. However, mosquito larvae were
not present in most of the habitats in Kisumu (71.4%), or
Malindi (51.9%). Of the 93 mosquito larvae collected in
Kisumu, about 16% were anopheline (An. gambiae, 11%
and An. funestus, 5%) and 2% Ae. aegypti. The rest were
Cx. quinquefasciatus. In Malindi, 4% of all the collected

larvae were An. gambiae and greater than 95% were
culicines (Ae. aegypti and Cx. quinquefasciatus). No An.
Sfunestus was collected in any of the habitats sampled in
Malindi. In Kisumu, most mosquito larvae (71.2%) were
collected from poorly planned—poorly drained stratum.
The majority (86.6%) of these were Cx. quinquefasciatus.
Culex quinquefasciatus species was also dominant (90.1%)
in the well-planned and well-drained stratum. No Cx.
quinquefasciatus larvae were collected in poorly planned—
well drained stratum. Similarly, the habitats in the poorly
planned—poorly drained stratum had the highest propor-
tion (58.0%) of mosquito larvae in Malindi. Most (98.3%)
of these were Ae. aegypti. Aedes aegypti larvae were also
dominant (>50.0%) in all other strata. The well planned—
poorly drained stratum had the least proportion (5.5%) of
mosquito larvae. The well planned—well drained stratum
had 17.5% of the mosquito larvae population, among
which most (87%) were Ae. aegypti.

There was significant positive association (P <0.05,
Fisher’s exact test) between the concentration of copper
in the water phase and the presence of Ae. aegyptilarvae in
habitats located in Kisumu. Similar association was
observed between lead concentration and An. gambiae or
Ae. aegypti (P<0.05, Fisher’s exact test). There were no
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significant (P>0.05, Fisher’s exact test) associations
between concentrations of the remaining metals and
mosquito presence in habitats in Kisumu. In Malindi on
the other hand, there was no significant associations
between metal concentrations in the water phase and the
presence of any of the mosquito species sampled (P> 0.05,
Fisher’s exact test).

4. Discussion

In the present study, concentrations of most of the
metals examined were several folds higher than those
previously reported in water bodies in some African cities
such as lake Nakuru in Kenya (Greichus et al., 1978),
Hartbeespoort and Voélvlei dams in Cape Province, South
Africa (Greichus et al., 1977), Gwebi and Mukuvisi rivers
in Harare, Zimbabwe (Moyo and Phiri, 2002), while the
reverse was found in the sediment samples. The factors
underlying these differences may be complex and detailed
comparative studies are needed on the sources of pollu-
tants, soil composition in specific topologies and particu-
larly their physical and chemical characteristics,
precipitation patterns, and composition of flora growing
in the areas.

Elevated levels of the heavy metals observed in human-
made, as compared to natural habitats, underscores the
anthropogenic nature of heavy metal pollution in the cities.
The positive correlations observed between most of the
metals in water, especially in Malindi, suggest relative
uniformity of the sources of the metal pollutants, as
previously reported (Onyari and Wandiga, 1989). How-
ever, lack of a similar degree of correlation among metals
in the sediments of the habitats suggests that the metals are
retained differentially in the sediments. Levels of planning
and draining seem to have an incremental impact on the
levels of heavy metal pollution in the habitats, especially in
Malindi. In particular, activities taking place in poorly
planned—well-drained stratum appears to contribute to
heavy metal pollution of the habitats or predispose these
habitats to pollution by such metals. The existence of
correlation between iron and manganese concentrations in
the sediments in the two cities is interesting and has
previously been observed in sediments of the Lagos lagoon
in Nigeria (Okoye et al.,, 1991). This may indicate an
underlying similarity in the sources and mechanism of the
build up of these metals.

The observed absence of significant correlation between
concentrations of most heavy metals and the presence of
An. funestus, An. gambiae, Ae. aegypti and culicine larvae
suggests relatively high tolerance of the larvae to these
metals in the habitats in Malindi and/or beneficial and
compensatory effects of high nutrient levels generally
associated with sewage or domestic waste present (Clem-
ents and Kifney, 1994; Renoldi et al., 1997). Aquatic
insects chronically exposed to heavy metals exhibit
increased tolerance relative to naive populations (Klerks
and Weis, 1987; Krantzberg and Stokes 1990; Hare, 1992;

Clements and Kifney, 1994; Dallinger, 1994). Previous
studies have demonstrated greater tolerance of culicines
and Ae. aegypti to clevated levels of heavy metals in
different habitats (Subra, 1981). However, anophelines are
normally known to proliferate almost exclusively in
relatively unpolluted environments (Eldridge, 2005). Our
observations suggest that these species, which include
important Afro-tropical malaria vectors, may have
adapted to higher concentrations of most of the heavy
metals analyzed in the habitats. Further studies are needed
to investigate the underlying mechanisms.

5. Conclusions

Concentrations of most heavy metals in aquatic larval
habitats in urban Kisumu and Malindi are relatively high
and anthropogenic factors, and particularly poor planning
and drainage, are associated with the accumulation of the
heavy metals. Most mosquito species examined, including
anopheline malaria vectors, appear to perform well in these
habitats, and further studies are needed to elucidate the
underlying mechanisms.
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