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Abstract

Sediment samples were analyzed for Cd, Cr, Cu, Pb, Hg and Zn by AAS. The highest concentrations (ppm) for Cu (26.1 + 4.8), Hg
(0.2 £0.05), Pb (30.7 £5.6) and Zn (45.4 £ 13.1) were found at approximately 25 m from the shoreline. Generally, heavy metals
concentration in the sediment decreased with increasing distance from the shoreline except for Cd and Cr whose highest concentrations were

found at approximately 2000 m from the shoreline.

The data also indicated that sediment samples which were collected at the shores within the urban area of Mwanza showed elevated levels
of Pb (54.6 £ 11.1 ppm) and Zn (83.7 £ 21.5 ppm). However, the highest concentrations of Cd (7.0 + 2.1 ppm), Cr (12. 9 =+ 1.0 ppm) and Hg
(2.8 = 0.8 ppm) were recorded at sampling stations which were adjacent to river mouths.
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1. Introduction

Bottom sediments serves as a reservoir for heavy metals
and therefore deserve special consideration in the planning
and design of aquatic pollution research studies. An un-
disturbed sediment column contains a historical record of
geochemical characteristics in the watershed. If a suffi-
ciently large and stable sediment sink can be located and
studied, it will allow an investigator to evaluate geochemical
changes over time, and possibly, to establish baseline levels
against which current conditions can be compared and con-
trasted.

Heavy metals such as cadmium, mercury, lead, copper
and zinc are regarded as serious pollutants of aquatic
ecosystems because of their environmental persistence, tox-
icity and ability to be incorporated into food chains (Forstner
and Wittman, 1983). In Lake Victoria, industrial, agricultural
and domestic waste discharges have increased the levels of
heavy metals in the lake (Mpendazoe et al., 1993; Muli,
1996). A study conducted by NEMC (1994) on heavy metal
pollution in open pits in gold mining areas in the lake zone
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revealed that mercury levels were significantly higher than
the permissible level of 1 ug 1~ * in drinking water. Kahatano
et al. (1995) also found high levels of Pb, Cu, Cr, Zn and Hg
in water, sediments and soil of some streams and rivers in
goldfield. These metals possibly end up in the lake.

Previous studies (Hamza, 1996; Kondoro and Mikidadi,
1998; Mohammed, 2000) showed wide variation of heavy
metal contamination in water, sediment, fish and flora
within Mwanza urban area (Mwanza South, Central and
North) of Lake Victoria. A significant difference was found
between concentrations of heavy metals in urban and rural
areas (Mohammed, 2000). The industrial area located in
Mwanza north was found to contain relatively higher levels
of heavy metals. Apart from mining activities, municipal
and industrial discharges are contributing on heavy metal
pollution in Lake Victoria. Other possible sources of heavy
metals include water and road traffic. Heavy metals that are
mostly a result of technological development (e.g. Cu and
Zn) occur at significant concentrations in the lake sediments
(Onyari and Wandiga, 1989; Mwamburi and Oloc, 1997).
Generally, the sediments of Lake Victoria, are rich in Pb, Cu
and Mn compared to values reported in sediments collected
from other areas within the East African sub-region (FAO/
CIFA, 1994; Mwamburi and Oloc, 1997).

In this paper, the concentrations of heavy metals obtained
from sites adjacent to possible point sources in Mwanza Gulf
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of Lake Victoria are reported. The variations of levels of
heavy metals in sediment with increasing distance from the
shoreline towards deep water are discussed.

2. Materials and methods
2.1. Study area
Lake Victoria is the second largest freshwater body in the

world with an area of 68,800 km?. It is situated at latitude
1°N and 4°S and longitude 31°E and 35°E at an elevation

level of 1134 m above sea level (Van Densen and Witte,
1995). The rocks underlying the Lake basin are either
Precambrian or Tertiary volcanoes depending on the loca-
tion. Pleistocene and Holocene fine grained sediments
overly these basement rocks (Scholz et al., 1990; Wakeham,
1990). The recent sedimentary regime of the lake is com-
plex, however, deposition rates range from zero to about 1
mm per annum in bays (Scholz et al., 1990) or more than 1
cm per millennium in the open lake (Hecky et al., 1996).
Surface sediments are dominated with biogenic remains and
the organic carbon content is between 10% and 20% in bays
and depositional basins. Non-depositional areas are charac-
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Fig. 1. Map Mwanza Gulf, showing the sampling stations.
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teristically sandy, containing low organic carbon (Mother-
sill, 1976; Wakeham, 1990).

Lake Victoria is shared by three riparian states, Kenya,
Uganda and Tanzania. On the Tanzanian side, Mwanza City
and two other major towns (Musoma and Bukoba) are
located at the lake shore with a population of about 5
million people (LVEMP, 1999). Mwanza Gulf is one of
the largest gulf at the southern end of Lake Victoria (Fig. 1).
The gulf extends 60 km southward with an average width of
5 km and a surface area of approximately 500 km? (Van
Densen and Witte, 1995; LVEMP, 1999).

2.2. Sample collection and analysis

Selection of sampling stations for sediment samples
considered the outlets for canals, streams and rivers which
drain residential, commercial (garages, metal works and
markets), industrial and mining areas into the lake. Thirty-
one sampling stations were selected to provide information
on the impact of natural and anthropogenic inputs of heavy
metals into Mwanza Gulf of Lake Victoria. At each sampling
station, sediment samples were collected at three sampling
points that were located in the lake at approximately 25, 500
and 2000 m from the shoreline, i.e. at an increasing distance
toward the deep water. For convenience purposes, the 31
sampling sites were categorized into three groups. The first
category was sampling stations adjacent to beaches within
the city (CA) which included stations 1, 2, 3, 4 and 5. The
selected beaches within the city were in close proximity to
commercial areas, such as market places, small-scale metal
works, manufacturing industries, factories and ports.
Streams within the city and storm water outfalls were also
included. The second were stations adjacent to river mouths
(RM) which included stations 6, 7, 10, 15, 16, 19, 21, 25, 26,
31 and third one were stations adjacent to fish landing
beaches (FB) which included stations 8, 9, 11, 12, 13, 14,
17,18, 20,22, 23,24,27, 28, 29, and 30. All beaches were in
the suburbs and rural areas.

Bottom sediment samples were collected during March
and April 2000, using a box corer aboard an outboard engine
fiberglass boat. Surface sediment (<5 cm) samples were
transferred into labeled polyethylene bags and stored in the
laboratory at — 20 °C until analysis. Sediment samples were
thawed, then transferred into acid washed plastic containers
and freeze-dried for 72 h (Machiwa, 1992). The samples
were sieved through a 2-mm sieve so as to remove any large
debris and were then thoroughly homogenized using a pestle
and mortar. An extensive quality assurance/quality control
procedure was followed. Quality control samples that were
analyzed included methods blanks, sample replicates, ana-
lyte spikes and surrogate spikes.

Duplicate sub samples of approximately 0.5 g of well
homogenized sediment samples were accurately weighed on
an analytical balance and then transferred into glass diges-
tion tubes. Concentrated sulphuric (1 ml) and nitric (1 ml)
acids (AnalaR®) were used to leach the samples. The

extracts were diluted to a final volume of 10 ml using de-
ionized water. The concentrations of Cd, Cr, Cu, Hg, Pb and
Zn were determined in the supernatant using an Atomic
Absorption Spectrophotometer (AAS), Varian model Spec-
tra A55. All heavy metals except Hg were analyzed in the
flame mode. Mercury was analyzed by cold vapour techni-
que with an automatic hydride generator.

Sub-samples of freeze-dried sediment (d>0.0125 mm)
were placed on mechanical shaker and grain size was deter-
mined using a series of sieves while the small particle sizes
(d<0.125 mm) were determined by sedimentation. The two
results were combined to one particle size distribution curve.

3. Results
3.1. Heavy metal levels in sediments from selected locations

Heavy metal concentrations in bottom sediments from
stations adjacent to urban beaches (CA) revealed remarkable
differences from other sampling stations. The highest mean
levels of Zn (83.7 £21.5 ppm) and Pb (54.6 = 11.1 ppm)
were found at sampling stations that were located adjacent to
beaches within the city area. “Hot spots” for Zn pollution
were noted at station 3 (244.7 ppm) and station 4 (254.4
ppm). Station 3 was Mirongo area while station 4 was
Mwanza South. The highest Pb concentration (189.0 ppm)
was recorded at station 4. The mean concentrations of Cr
(11.2+1.2), Cu (17.9 £+ 2.3) and Hg (0.1 £ 0.03) were gen-
erally low (Fig. 2a and b).

Heavy metal concentrations in bottom sediments from
stations adjacent to fish landing beaches (FB) had relatively
low mean concentrations of all the analyzed metals except Cd
(Fig. 2aand b). The mean concentration of Cu was 22.3 £+ 3.0
ppm, the highest concentration of Cu (136.8 ppm) was
recorded at station 12 (Kigongo area). The mean concen-
tration of Pb was 23.0 & 1.2 ppm, Zn was 22.0 & 0.7 ppm and
Cr was 10.9 + 1.0 ppm. Highest concentration of Zn was
found at station 18 (Mbalika), the value was 32.2 ppm.
Cadmium concentration (4.0 = 0.02 ppm) in FB sampling
station was rather higher than its mean concentration
(3.7 £ 1.1 ppm) that was obtained at CA station category.
Stations 20 (Kaningu), 22 (Mulaga), 23 (Busisi) and 24
(Nyamasale) had Cd concentration below detection limit
(0.01 ppm). Mercury concentration in the sediment samples
from stations near fish landing beaches was mostly below the
detection limit (0.1 ppm), the mean concentration was
0.1 £+ 0.03 ppm.

Heavy metal concentrations in bottom sediments from
stations adjacent to river mouths (RM) were almost similar
to values obtained at FB. The concentration of Cr was
129+ 1.0 ppm and Cu was 22.5 + 2.9 ppm. The highest
concentration of Cu (89.1 ppm) was found at station 10
(Nyashishi river mouth). Chromium and copper levels were
more or less uniform at the three categories of sampling
stations (Fig. 2a). The concentration of Pb (26.5 & 1.5 ppm)
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Fig. 2. (a) Mean ( + SEM) concentrations of Cr, Cu, Pb and Zn (ppm, dry
weight) in sediment samples collected at different locations at Mwanza
Gulf. UA=Stations adjacent to Urban beaches (n=15); FB=stations
adjacent to Fish landing beaches (#=10) and RM =stations adjacent to
river mouths (n=16). (b) Mean ( £+ SEM) concentrations of Cd and Hg
(ppm, dry weight) in sediment samples collected at different locations at
Mwanza Gulf. UA= Stations adjacent to Urban beaches (n=5); FB=sta-
tions adjacent to fish landing beaches (» =10) and RM = stations adjacent to
river mouths (z=16).

was almost equal to that of Zn (27.1 = 2.5 ppm) obtained
from RM sampling stations. The levels of Zn and Pb were
very high at CA compared to other station categories of
sampling. Highest Zn concentration (61.4 ppm) was
recorded in sediment samples from station 6 (Mkuyuni river
mouth). Fig. 2b shows that RM category of stations had the
highest mean concentrations of Cd (7.0 + 0.2 ppm) and Hg
(2.8 = 0.8 ppm). Only stations 19 (Isanga river mouth) and
21 (Nyaruhwa) had Cd level below detection limit.

3.2. Variation of heavy metal content in lake sediments with
distance from shoreline

3.2.1. Chromium, copper, lead and zinc
Chromium concentrations in the lake sediments were
10.6+ 1.7, 11.4+ 2.1 and 12.8 + 0.8 ppm at approximate-

ly 25, 500 and 2000 m from the shoreline, respectively
(Fig. 3a). Friedman test indicated a significant difference
(Fr=6.000, P=0.0498) in Cr concentration with increas-
ing distance from the shoreline. Dunn’s multiple compa-
rison test confirmed that the difference was significant
(P<0.05) for the levels of Cr at 25 and 2000 m from the
shoreline.

The highest concentration of copper (26.1 +4.8 ppm)
was found at about 25 m from the shoreline. The concen-
tration of Cu was 18.9 £ 2.1 ppm at 500 m and 19.7 £ 1.2
ppm at 2000 m (Fig. 3a). Statistically, the difference in
concentration of Cu with increasing distance from the
shoreline was not significantly different (P> 0.05).

The highest concentration of Pb (30.7 = 5.6 ppm) was
found close to the shore at approximately 25 m. Lead
concentration was 30.5 £ 6.0 ppm at 500 m and 27.6 = 1.3
ppm at 2000 m from the shoreline (Fig. 3a). Friedman test
and Dunn’s multiple comparison test (Zar, 1984) were used

605

509

40 4

Congentration (ppm, dry wi)

Distance from the shoreline (m)

Concentration {(ppm, dry wit)

Distance from the shoreling (m)

Fig. 3. (a) Variation of mean ( + SEM) concentrations (ppm, dry weight) of
Cr, Cu, Pb and Zn in lake sediments with increasing distance from the
shoreline (r=31 per sampling distance). (b) Variation of mean ( + SEM)
concentrations (ppm, dry weight) of Cd and Hg in lake sediments with
increasing distance from the shoreline (=31 per sampling distance).
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Table 1

Percentage grain size distribution (mean & SD) in sediments samples collected from Mwanza Gulf (n=12)

Sediment type Sampling station Distance from the shore (m)

CA FB RM 25 500 2000
Clay 16.1 £11.0 173+ 8.6 282+ 11.5 17.6 £ 10.7 18.5+12.6 2551105
Silt 61.9+20.7 5444 18.9 41.0+17.0 4154195 61.8+19.4 5401184
Sand 23.7+26.6 28.1£20.7 31.3+20.5 4251262 214+15.5 20.0+17.7

to compare level of heavy metals at 25, 500 and 2000 m from
the shoreline. However, the difference in the concentrations
of Pb with increasing distance from the shoreline was not
statistically significant (P> 0.05).

Zinc levels were 45.4 + 13.1, 36.4+ 9.5 and 28.2 + 1.9
ppm at approximately 25, 500 and 2000 m from the shore-
line, respectively. Statistical analysis indicated that levels of
Zn in the sediment from all sampling stations did not change
significantly (P> 0.05) with increasing distance from shore-
line.

3.2.2. Cadmium and mercury

Cadmium levels showed slight variations with increasing
distance from shoreline (Fig. 3b). The concentrations were
43+1.5 ppm at 25 m, 3.6 £ 1.4 ppm at 500 m and
2.6 £ 1.2 ppm at 2000 m from shoreline. However, statis-
tical analysis indicated that levels of Cd in sediment did not
change significantly (P>0.05) with increasing distance
from the shoreline.

Mercury, the most toxic metal in the aquatic environ-
ment, was below detection limit (0.01 ppm) in sediments
from the majority of the sampling stations. The mean
concentrations were 0.2 + 0.02, 0.1 £ 0.04 and 0.1 £+ 0.02
ppm at approximately 25, 500 and 2000 m from the shore-
line, respectively (Fig. 3b). The mean concentrations did
not differ (P>0.05) with increasing distance from the
shoreline.

3.3. Grain size distribution

The percentage distribution of clay, silt and sand in the
sediments of Mwanza Gulf is shown in Table 1. Depending
on the sampling stations, the highest amounts of clay
(28.2 £ 11.5%) and sand (31.3 £20.5%) were found at
sampling stations that were adjacent to river mouths. The
highest amount of silt (61.9 £ 20.7%) was in sediments that
were collected at stations adjacent to beaches within the city.
Statistically, the differences in grain size composition of the
sediments from the different station categories were not
significant (P> 0.05).

The highest clay content in the sediment (25.5 & 10.5%)
was found at 2000 m from the shoreline (Table 1). Silt
content (61.8 + 19.4%) was highest in sediments taken from
500 m and sand content (42.5 + 26.2%) was highest at 25 m
from the shoreline. The differences in grain size content of
sediments collected at increasing distance from the shoreline
was not statistically significant (P> 0.05).

4. Discussion
4.1. Spatial distribution of heavy metals in Mwanza Gulf

Sediment samples that were collected from stations
adjacent to beaches within Mwanza City (CA) generally
had higher concentrations of Pb and Zn than stations that
were adjacent to rural beaches (FB) and river mouths (RM).
The city area sampling stations comprised a number of
places that were considered as point sources of pollution to
the lake. For instance, Mirongo River, which is considered
highly polluted, discharges industrial and domestic wastes
from Mwanza City into the Mwanza Gulf. A number of
activities, including fish processing industries, chemical
industries (soap and oil), breweries, tanneries, beverages,
metal works, oil depots, hospitals, hotels and restaurants are
located in the city area. Such industrial and municipal
wastes are discharged into the lake, either untreated or
partially treated. The high levels of Pb and Zn in sediments
from the city area sampling stations reflect the presence of
lake polluting activities in the city. The most likely sources
of Zn at the shores within the city are the Mirongo River and
discharges from the Mwanza North harbour. The grain size
distribution (Table 1) and mineralogy of the sediments of
the three categories of stations (CA, FB and RM) were
almost similar and cannot account for differences in the
levels of Pb and Zn.

Domestic and industrial effluents, municipal runoffs and
atmospheric deposition may be the major sources of the
observed high level of Pb. The contribution of Pb from the
use of leaded petrol in outboard boat engines and automo-
biles and car batteries is possibly significant. Previous
studies also have indicated elevated levels of heavy metals
in aquatic systems receiving effluents from urban arcas
(Talbot and Chegwidden, 1983; Mohammed, 2000). The
sources of the heavy metals were mainly industrial and
domestic waste discharges. In some cases, the disposal of
untreated sewage has been reported to contribute signifi-
cantly to the level of heavy metals in the aquatic environ-
ment (Talbot and Chegwidden, 1983; Mohammed, 2000).
The more or less uniform concentrations of Cr and Cu in
lake sediment reflect their natural background levels in the
local soils. Cd and Hg were highest in sediments that were
collected at stations adjacent to river mouths. Some of
these rivers and streams drain gold mining areas (Mpenda-
zoe et al., 1993; NEMC, 1994; Kahatano et al., 1995). The
occurrence of highest Hg content in sediments of the RM
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Table 2

Comparison of mean concentrations (ug/g™ ', dry weight) of heavy metals in sediments from Mwanza Gulf, Lake Victoria and other literature values

Study area Cd Cr Cu Hg Pb Zn Reference

Kali Nadi River (India) 0.3 7.3 0.2 nd 24 90.4 Ajmal et al., 1988

L. Kariba (Zimbabwe); 0.06 + 0.01 293+1.6 16.1+0.8 nd 9.4 +0.6 424126 Berg and Kautsky, 1997
(n=33; mean + SD)

L. Victoria (Uganda) nd 67 41 nd nd 86.0 Mothersill, 1976

L. Victoria (Kenya) 0.5 nd 39.8 nd 37.7 133.8 Onyari, 1985

L. Victoria (Tanzania); 25105 11.0+ 14 216124 0.1+0.0 296+ 1.6 364+ 1.8 Present study

(n=93; mean + SD)

nd=Not determined.

category suggests an anthropogenic origin, for instance, use
of mercury by small scale gold miners to extract gold from
sand (Kahatano et al., 1995) from early 1990s. River
Isanga and its tributaries drain the mining areas of Geita
goldfield (NEMC, 1994). Apart from the RM sediments,
Cd was also high in sediments that were collected at
stations adjacent to rural beaches (FB). The results possibly
suggest an anthropogenic input of Cd contained materials
directly to the lake or through rivers that pour their water to
the Lake Victoria. The most likely source is a result of land
degradation and/or the use of inorganic fertilizers in agri-
culture.

The results of the present study show that heavy metals
content of sediments in Mwanza Gulf on the Tanzanian
side of Lake Victoria is generally lower than those
reported in the Kenyan and Ugandan sides of Lake
Victoria (Table 2). The concentrations of Cd, Cu and Pb
obtained in this study are higher than those reported in
Lake Kariba and River Kali Nadi in 1977 and 1988,
respectively (Table 2).

4.2. Variation in heavy metal levels in lake sediments with
increasing distance from the shoreline

It was assumed that point sources of heavy metals in the
lake are located on beaches at the shoreline. All heavy
metals, except Cr, did not show any significant variation in
their concentrations in the sediment with increasing distance
from the shoreline. The levels of Cr in the sediment at 25
and 2000 m from the shoreline varied significantly. The
highest mean Cr concentration was recorded at 2000 m from
the shoreline. The difference in the spatial distribution of
heavy metals in an area can be due to several factors, for
instance, the differences in chemical composition of sedi-
ment, grain size distribution in the sediment and organic
matter content of the sediment. Grain size distribution in the
lake sediments was almost uniform with increasing distance
from the shoreline (Table 1). There was no clear reason for
having relatively high Cr concentration at 2000 m than at 25
m from the shoreline.

In conclusion, this study has shown that sediments of
Mwanza Gulf, especially in the urban area, are polluted with
heavy metals. Interventions should be made to reduce
anthropogenic discharges in Lake Victoria basin; otherwise,

heavy metals may increase in the lake, resulting in the
elevated concentration in fish and humans.
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