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The population of the Ugandan capital city of Kampala has dramatically increased since the political
turmoil of the 1970s and with it a considerable rise in industrialisation. Few manufacturing plants,
however, have pretreatment installations in place for their polluted effluent prior to discharge into the
surrounding ecosystems. Kampala’s main drainage system is the Nakivubo channel which empties
directly into the neighbouring Lake Victoria, the second largest inland freshwater lake in the world.
Increased urban effluent load coupled with reclamation for crop farming have considerably reduced the
effectiveness of the wetland to filter out major pollutants, in particular heavy metals. Using atomic
absorption spectrophotometry, this study showed that the efficiency in sieving out zinc (Zn), copper
(Cu), cadmium (Cd) and lead (Pb) has shrunk from 89.7 — 98.3% in December 2006 to 79.4 — 92.1% in
December 2008, over a period of three consecutive years. This is indicative of the growing
ineffectiveness of the wetland to absorb heavy metals. Levels of the same metals in the lake water some
two kilometres away from the mouth of the wetland have correspondingly increased from 23 - 31% to 35
-47%in the same period. This poses a serious threat to the quality of the fish and to the over two million
urban population that directly depend on the lake water for domestic and industrial use. The remedy lies
in the relevant authorities to enforce pretreatment at each factory site, increased factory management
sensitisation on environmental concerns and more stringent measures against wetland encroachment.

Key words: Kampala urban effluent, Nakivubo wetland, heavy metal filtration, Lake Victoria.

INTRODUCTION

Uncontrolled human  settlement and  industrial
development have exerted extreme pressure on the
wetland drainage system in Kampala urban district. The
Ugandan government strongly encourages private
investors and the growth of the industrial sector in an
effort to promote value addition to locally produced items
and subsequently discourage the export of raw materials
on the international trade market. This has resulted in
rapid increase in the number of manufacturing industries
in the city, with little attention to their attendant effects on
the environment. Among these are zinc- and lead-based
paint factories, a lead-acid accumulator manufacturing and

*Corresponding author. E-mail: jolocammbabazi@chemistry.
mak.ug.

and recycling factory, steel-rolling mills and small-scale
metal workshops, an electric cable manufacturing plant
and many more. Few of these, however, have
pretreatment measures on site but simply discharge
untreated effluent directly into drainage tributaries that
team up to form the Nakivubo channel. The only
pretreatment the effluent load gets before emptying into
the lake is the sifting by the wetland. But wetlands have
limited capacities beyond which their effectiveness
begins to decline. With the rapid expansion of population
and industrialisation in the capital city, Uganda is
presently faced with mounting untreated polluted effluent
entering the neighbouring Murchison Bay of Lake Victoria
via the Nakivubo channel wetland, the main drainage
system in the urban setting. Lake Victoria is the second
largest inland freshwater lake in the world. The Nakivubo
channel cuts right across the city (Figure 1) and empties
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Figure 1. Schematic map of Kampala City, Uganda (East Africa), showing study area.

into a level terminal wetland. A considerable degree of
crop cultivation takes place on the wetland by unaware
small-holding farmers, growing sugarcane, yams, coco-
yams, sweet potatoes and a variety of other vegetables.
These crops are used for home consumption and the rest
sold to unmindful passer-by city dwellers.

Major pollutants in the effluent are toxic heavy metals.
The term heavy metal refers to any metallic chemical
element that has a relatively high density and is toxic or
poisonous even at low concentrations. Examples of
heavy metals include copper, mercury, cadmium, zinc
and lead. These may enter the human food chain via the
food crops grown on the urban wetland and the
freshwater fish from the lake. A lot of fishing activities
take place in the waters of the lake, with sizeable daily
catches of tilapia and Nile perch (Njiru et al., 2006).
Although most of the fish is consumed locally by over
two-million urban population (Uganda Bureau of
Statistics, 2005), some of it is processed and exported to
international markets both on the African continent and
overseas. Already there are signs of poisoning of fish in
Lake Victoria both from heavy metals (Birungi et al.,
2007) and other toxins (Ogwok et al., 2009; Munabi et al.,

2009; and Nyakairu et al., 2009). Also, the city draws
most of its freshwater for domestic and industrial use
from this lake. The urgent need to maintain the ecological
balance of this international water body is apparent there-
in and this can best be achieved by controlling the quality
of effluent from the surrounding cities, towns and inland
ports on mainland East Africa discharging into the lake.
Studies about the Lake Victoria have shown a gradual
increase in the presence of heavy metals in the lake
water over the recent years (Onyari and Wandiga, 1989;
Kishe and Machiwa, 2002; Mwamburi, 2009). A large
percentage of the metals are in the cationic form
(Mbabazi et al., 2009), the most toxic form to fish
(FAO/WHO, 1993). The cationic heavy metal content is
also accentuated by the National Water and Sewerage
Corporation (NWSC) Bugolobi Water Stabilisation Ponds
(WSPs) which also discharge their effluent into the
wetland. The tributary swamps and the main wetland
have been largely reclaimed for urban cultivation and are
no longer fully effective in filtering the high organic and
other content of the sub-channels. A variety of other
sources and human activities over time have also
resulted in the discharge of considerable quantities of



heavy metals in the urban environment. These include
small-scale metal works, careless dumping of dead lead-
acid accumulators, old and rusty galvanized roofing iron
sheets, paints (both zinc- and lead-based) and varnishes,
aerial factory emissions and leaded-fuel car exhaust
fumes notwithstanding. Run-offs  from  torrential
downpours concentrate the pollutants into the Nakivubo
channel and eventually into Lake Victoria. Heavy metal
ingestion through food chains is injurious to human
health. Accumulation of lead in humans is associated
with disorders of the nervous system (Sanin, 1998), while
cadmium is thought to inhibit the uptake and retention of
calcium in bones (Wendelaar-Bonga, and Lock, 2003)
Prolonged disposal of bits and choppings of electrical
wires contributes to the presence of copper in the urban
environment. Copper is extremely toxic and may find its
way into the human body through contaminated fish
consumption (Arockiadoss et al., 2008).

It is well known that plants exhibit selective absorption
for minerals. Filtration of heavy metals by a wetland from
the effluent entering it is mainly due to selective
absorption by the various plant species in the area.
Unabsorbed dissolved heavy metal cations may adsorb
onto sediment, form associations with high relative
molecular mass (RMM) organic matter or pass on to the
lake. Zinc (Cances et al.,, 2003; Deng et al., 2009),
copper, cadmium and lead (Wendelaar-Bonga and Lock,
2003; Deng et al., 2004) are all absorbable by wetland
vegetation including any food crops that may be
cultivated on the same land (Kachenko and Singh, 2004).
Upon decay of the plants the heavy metals may be
released back into the wetland system. In the lake the
heavy metals may be absorbed by fish via plankton
ingestion (Liu et al., 2002) and gills (Weaver et al., 2009).
In this way heavy metals enter food chains and may
subsequently exhibit toxicological effects in humans
(Mugabe et al., 1998; Ssebagala et al., 2004). There is
considerable information on the hazards of heavy metal
contamination (Jarup, 2003). The metals are extremely
resistant to changes that would otherwise lead to their
partial or complete elimination from the environment.
They undergo biogeochemical cycles, their potential
toxicity being largely controlled by their physico-chemical
modifications. They have a tendency to accumulate in
vital human organs (Godt et al., 2006; Chen et al., 2006;
Cerovic et al., 2007) such as the brain, kidney, liver,
intestinal tract and lungs. They may cause structural
damage and/or cell malfunctioning, owing to their
interaction with nucleic acids. Heavy metal toxicity may also
adversely affect the genetic carrier code via nucleic acid—
chelate formation (Sirover and Loeb, 1976; Moreira and
Moreira, 2004). The Uganda National Environment
Management Authority (NEMA) under Ugandan law
(NEMA, 2004a), has put in place statutory instruments
(S.1.) for the proper management of national wetland
drainage systems, contravention of which constitutes an
offence. These generally discourage encroachment on
wetlands for public, private, agricultural or other purpose
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and will normally require a wetland resource use permit.
S.1.153 - 11 states that (1) “Any person desiring to carry
out any activity in a wetland shall make an application,”
and that (2) “Any person who contravenes this order by
the Executive Director commits an offence.” S.1.153-12 of
the same law requires that “The Executive Director may
issue a permit in Form B permitting the use of wetland
resources.” In spite of this, however, few ordinary
inhabitants in Uganda adhere to this directive and go
about their daily subsistence agricultural activities on
urban and other wetlands unhindered.

It was therefore important to determine to what extent
the urban effluent is polluted with heavy metals zinc,
copper, cadmium and lead and the effect of passage
through Nakivubo wetland on the pollution levels as the
effluent finally enters the lake. To achieve this it was
necessary to monitor the heavy metal levels over three
consecutive annual periods amidst increased volumes of
untreated urban effluent and wastewater. This would
shed some light on the current efficiency of the wetland
as a filter for heavy metal pollutants. The results might
prompt the relevant authorities to put some anti-pollution
measures in place for better preservation of human
health and proper sustainability of the lake, instead of
relying on the wetland alone.

MATERIALS AND METHODS
Study area and sampling

The study area was the Nakivubo channel. The vegetative terminal
wetland stretch spans a total distance of some 1% km (~1500 m)
measured straight along the main effluent stream, before its mouth
eventually joins with the lake water. The periods of sampling were
the months of December 2006 through 2008. Sampling was carried
out several times during each of these months. In Kampala, these
times, compared to other months of the year, were exceptionally
wet with frequent torrential runoffs from the city and increased total
effluent volumes and leachates, the latter considered desirable
conditions for study. Water samples were taken at the point of entry
into the wetland and thereafter at every 300 m along the drainage
system to the point where the channel and the lake became
indistinguishable (Figure 1). This separation was arrived at so as to
allow for significant filtration of the heavy metals by the wetland
vegetation to take place and given that the total length of the
wetland was ~1500 m, to also be able to obtain measurements at a
number of such suitable sites along the wetland. Since effluent
water relatively free of solid particles flows near the surface thus
easing filtration, samples of water were collected at various depths
within 50 cm of the surface at 6 different sites (V1 — V6), using 10 L
plastic containers. At each site, a number of samples in the range 5
< n < 10 were drawn, arising from various depths owing to
undulating sediment deposition and the urgent need to minimise
filtration times. The containers were cleaned and rinsed several
times with the channel water at each site before use. The water
was filtered immediately after sampling, transferred to 5 L polythene
containers and labelled with permanent stickers. To minimise any
possible effects of microbial activity, the filtered samples were
transported in ice-cooled boxes and subsequently kept refrigerated
at -10°C until analysis, several days after the sampling process.
This made a total of 168 samples (Tables 1 and 2) that were
analysed over the three-year period. The site where the combined
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Table 1. Total heavy metal levels in urban effluent at various points along Nakivubo wetland, Kampala, Uganda.

Sampling site

Concentration (ug ml™)

Zn Cu Cd Pb
December 2006
V1 Om, Entry (n=10) 26.001 + 0.008 43.667 + 0.009 7.002 + 0.004 12.340 £ 0.006
V2 300 m (n=8) 4.973 + 0.005 5.538 £ 0.004 0.623 £ 0.004 5.084 £ 0.007
V3 600 m (n=6) 3.164 + 0.006 3.159 + 0.006 0.324 = 0.005 3.284 + 0.005
V4 900 m (n=5) 2.209 + 0.006 2.238 + 0.008 0.219 + 0.004 2.343 £ 0.007
V5 1200 m (n=7) 1.723 £ 0.007 1.580 + 0.006 0.172 £ 0.003 1.805 £ 0.005
V6 1500 m Exit (n=10) 1.378 £ 0.006 1.179 £ 0.005 0.119 + 0.004 1.271 £ 0.005
December 2007
V1 0m, Entry (n=10) 28.183 £ 0.009 45.296 + 0.006 7.840 = 0.005 14.759 + 0.006
V2 300 m (n=8) 8.951 + 0.007 7.730 + 0.007 1.344 £ 0.004 6.933 £ 0.005
V3 600 m (n=6) 5.709 £+ 0.006 4.924 + 0.004 0.799 + 0.004 4.260 + 0.006
V4 900 m (n=5) 4.384 + 0.005 3.658 £ 0.007 0.618 + 0.003 3.313 + 0.005
V5 1200 m (n=7) 3.462 + 0.006 2.970 + 0.008 0.552 + 0.004 2.524 +0.004
V6 1500 m Exit (n=10) 3.015 + 0.007 2.356 + 0.004 0.455 = 0.005 1.889 £ 0.004
December 2008
V1 0m, Entry (n=10) 31.021 + 0.006 46.941 + 0.007 8.454 + 0.004 16.034 £ 0.006
V2 300 m (n=8) 15.053 £ 0.005 9.620 = 0.006 1.935 £ 0.003 9.101 £ 0.005
V3 600 m (n=6) 10.269 £ 0.007 6.738 + 0.007 1.494 + 0.004 5.903 + 0.004
V4 900 m (n=5) 8.024 + 0.005 5.069 + 0.007 1.162 + 0.005 4.349 + 0.005
V5 1200 m (n=7) 6.548 + 0.004 4.216 + 0.004 0.941 + 0.004 3.314 £ 0.004
V6 1500 m Exit (n=10) 5.611 + 0.006 3.708 + 0.005 0.719 + 0.003 3.303 + 0.005
Table 2. Total heavy metal levels in Lake Victoria water at Nakivubo channel 2 km offshore.
. Concentration (ug ml™)
Period Zn cu cd Pb
December 2006, (n = 10) 1.354 + 0.063 1.053 £ 0.018 0.081 £ 0.003 1.154 + 0.043
December 2007, (n = 10) 1.705 + 0.017 1.155 + 0.009 0.109 £ 0.005 1.420 £ 0.032
December 2008, (n = 10) 1.956 + 0.009 1.189+0.012 0.166 + 0.004 1.864 + 0.009

untreated urban effluent entered the wetland vegetation was for
convenience assigned zero distance (Site V1, Figure 1) to act as
our point of reference. Also, to serve as our control, relatively un-
disturbed composite lake water was reached and sampled by boat,
some 2 km offshore at a depth of one metre below the surface.

Analytical procedures

In the laboratory at the time of analysis, 1 L of the water samples
from each site was evaporated to dryness. Concentrated nitric acid
(10 ml), perchloric acid (2 ml) and hydrofluoric acid (4 ml) were
consecutively added to the residue. The mixture was then reheated
to dryness, the final residue reconstituted in 2 ml of 2 M
hydrochloric acid, transferred to a 25 ml volumetric flask and made
up to the mark with distilled, deionised water. The solution was then
analysed for the total heavy metallic species concentration using an
atomic absorption spectrophotometer (Perkin-Elmer, Model 2380).
All the chemicals named and used in this study, including the
deionised water, were supplied by British Drug Houses (BDH) and

were of analytical reagent (AnalaR) grade, that is, of highest purity.

RESULTS AND DISCUSSION

The total heavy metal levels at various sites along the
Nakivubo wetland during the period of study are shown in
Table 1. Similar analyses for the heavy metals in the lake
water at the same period of time were also carried out
and are displayed in Table 2. The WHO maximum
permissible levels of Cu, Pb, Zn and Cd (in pg ml™) in
drinking water are: Cu = 2; Pb = 0.01; Zn = 3; Cd = 0.003
(WHO, 2008). The corresponding limits (in pg ml™) for
the heavy metals, according to the Uganda environment
management statutes (NEMA, 2004b), are respectively,
Cu, 1; Pb, 0.1; Zn, 5; and Cd, 0.1. The results of this
study revealed that whereas Zn (1.354 ug ml™) and Cu
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Figure 2. Relative heavy metal levels (%) in water on the Uganda side of Lake Victoria.

(1.053 ug mi™) levels (Table 2), although undesirable,
were still within the permissible limits, while those of Cd
(0.081 pg mi™) and Pb (1.154 pg ml™) were in the higher
range. It is also worthy of note that no such heavy metals
were detected, using the methods at our disposal, in the
bottled mineral water popularly consumed in Kampala
city. Recent speciation studies have indicated that the
predominant form of the heavy metals in the lake water
(Mbabazi et al., 2009) are the cationic species (80 —
83%), other lesser modifications being anionic and non-
ionic, dialysable and non-dialysable. The latter forms
were attributed to metals associated with high Relative
Molecular Mass (RMM) organic matter. In the lake water
itself, most studies have shown that it is the free hydrated
form of the heavy metals that is most toxic to fish
(FAOMWHO, 1993), that is, Zn**(aq), Cu®*(aq), Cd**(aq),
Pb*(aq) and the like.

The relative magnitudes on a linear percentage scale of
the heavy metal levels in the lake water over the three
consecutive annual periods are shown in Figure 2. The
results indicated that the total heavy metal content in the
lake was slowly but surely increasing. This was
attributable to a number of factors, notable among which
were the increased industrialisation and wastewater
output in the city. That this was so, was accentuated by
similar plots, Figure 3, of the levels of heavy metal
pollutants entering the Nakivubo wetland from the urban
establishment, relative to those in the surrounding lake
water at the same period of time. It would seem that the
relative purification process varied, not linearly as one

would at first expect, but rather asymptotically with
distance along the wetland; it is thought that this would
be even more so if the vegetation surface density was
uniform. This has been interrupted in patches by
reclamation. In general the heavy metal content in the
untreated effluent was on a gradual increase, while at the
same time the absorption A which was equivalent to the
efficiency E, computed as:

E = {1 — (conc. exit/conc. entry) x 100%}

of the wetland to function as a filter of the same metals
was on the decline, Table 3. The numerical values of the
obtained efficiencies were not constant but rather varied
for each year and for each metal, presumably owing to
different absorptivities of the metals by the various plant
species in the partially reclaimed wetland.

The rise in the zinc content in the untreated effluent
entering the wetland showed a significant increase (26.00
— 31.02 y g ml™) over the three-year period, Table 1.
Whereas zinc is a naturally occurring metal and was
expected to be present in low levels in a large water body
such as Lake Victoria, its notable presence in urban
untreated runoff and effluent was most probably due to
two major factors. This is perhaps not too surprising
considering that for over a century the major roofing
material in the Ugandan capital Kampala has been and
continues to be, galvanized iron. Corrosion of such zinc-
coated corrugated iron releases considerable amounts of
zinc as its oxide or sulphide into the soil and the associated
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Figure 3. Relative heavy metal levels (%) of urban effluent at various points along Nakivubo wetland.

Table 3. Percentage absorption of heavy metals from urban effluent by Nakivubo wetland, Kampala, Uganda.

Period Zn Cu Cd Pb
December 2006 (n = 10) 94.7+0.4 97.3+0.4 98.3+2.9 89.7+04
December 2007 (n = 10) 89.3+0.2 94.8+0.2 94.2+1.0 87.2+0.2
December 2008 (n = 10) 81.9+0.1 92.1+0.1 91.5+04 79.4+0.1

associated drainage channels, the leaching of which
concentrates the metal in the wetland water catchment
area. The rest is washed down as city runoff during the
equatorial downpours. It is possible that the zinc oxides
and sulphides subsequently dissolve in the various corro-
dents in urban effluent and release the heavy metal mainly
in its cationic form. There is a growing shift, however, to
the use of fired clay roofing tiles particularly for suburban
residential housing. Furthermore, the building con-
struction industry has tremendously increased in the city
due to growing industrialisation and an even greater an
even greater demand for housing and accommodation.
This has precipitated an excessive demand and availability

for wall and roof paints, most of which are zinc-based.
New paint manufacturing industries have sprung up in the
city’s busy industrial area (Figure 1). The overall result of
these activities is an increased release of zinc metal into
the urban environment, which finds its way into the city’s
major drainage system and if only partially filtered,
ultimately into the lake.

Copper on the other hand has exhibited only a slight
increase in the lake water over this period, Table 2. The
elevated copper content in the water on the Ugandan
side of Lake Victoria probably stemmed in the first place
from the period of copper smelting at Jinja, which let in a
lot of untreated effluent into the lake. The presence of a



copper-smelting plant at Jinja for the copper ore from the
Kilembe mines in Western Uganda in the 1960s may be
blamed for the relatively significant levels of copper in the
surrounding lake waters. The plant was located at Jinja
owing to its proximity to Uganda’s chief source of
hydroelectric power, the Owen Falls Dam, which was
constructed right at the source of the River Nile and
commissioned in 1954. The closure of the smelting plant
in the mid 1970s owing to fluctuating prices of metallic
copper on the world market, coupled with the un-
favourable political climate prevailing in the country at the
time put an end to the contaminating effluent. However,
the increased usage of electrical copper wire and cables
in the city leaves on a daily basis a considerable amount
of waste metal in the form of bits, choppings and cut-offs.
Metallic copper washed down in the city runoffs
subsequently dissolves in the fluctuating acidities and
alkalinities of the effluent. Also, the use of copper pipes
for running water in the city may be a contributory factor
which should not be underestimated. Together these
factors gave detectable and above normal (43.67 — 46.94
u g mi™) levels of copper in the untreated effluent (Table
1), which if only partially absorbed by the wetland
vegetation, were partly responsible for maintaining the
levels of copper in the lake water at fairly steady, but not
declining, values, Figure 2.

The relatively high level of cadmium in the lake waters
(0.081 — 0.166 pg ml™) during this period may be
attributed to the activities of steel-rolling mills in the towns
surrounding the lake, in particular Jinja, which processes
even scrap metal and discharges untreated effluent
directly into the lake. Though the levels of cadmium are
comparatively lower than those of the other metals
investigated (Table 2), they have increased considerably
from 7.00 pg ml™ in the urban effluent in 2006 to 8.45 g
ml™ in 2008, as shown in Table 1. This appreciable rise
may be traced to the volume of both small and large-
scale metal processing industries that has sharply
increased owing to increased demand for iron and steel
bars needed for the booming building construction in the
city and other places countrywide. Uganda does not
possess or mine iron ore deposits, neither does it import
the ore; so it is relying heavily on scrap metal from old
cars, rusty steel doors, windows, corroded roofing iron
and occasionally, rail steel girders. Whereas the recycling
of scrap metal is a welcome industry in the country and
should be encouraged, during the smelting process
traces of cadmium embedded in the scrap iron and steel
are released in the effluent of the processing plant and
out into the environment. Cadmium has been blamed for
large-scale poisoning incidents in industrial workplaces,
particularly where any ore is being processed or smelted
and among welders who have unsuspectingly welded on
cadmium-containing alloys or working with silver solders
(Wendelaar and Lock, 2003).

The average levels of lead in the lake water have seen
a rise from 1.15 pg ml™in December 2006 to 1.86 pg ml™
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two years later (Table 2). These elevated levels of the
metal are accounted for by the established habit of car-
washing and emptying of dead lead-acid accumulators
directly on the banks of the lake. The relative high levels
of this toxic metal in the untreated urban effluent (12.34 -
16.03 pug ml™ ;Table 1), may also be attributed to similar
activities taking place by car-washers both within the city
itself and directly along the streams and sub-channels
leading to the wetland. A major car-battery manufacturing
plant was constructed near the Nakivubo channel in the
industrial area (Figure 1). This plant has been recycling the
lead from dead car batteries for a number of years now
and discharges untreated effluent into tributaries that
eventually join the Nakivubo channel and on to the
wetland. From the turn of the century, traffic on Kampala
roads has greatly increased, with long traffic jams being a
common sight on the busy city streets. In spite of the
availability of unleaded fuel in the country, a number of
operators and drivers, supposedly environment insensitive,
do not insist on it. As a result, most car engines and
numerous small electric generators still run on leaded fuel
for hours on end, emitting exhaust fumes that form a dark
blanket-like cloud that hangs over the city especially late at
night and early in the mornings. The slow aerial deposition
of particulates from the combustion of leaded fuel from the
congested city transport sector is also a parameter to
reckon with. Further, torrential downpours wash down the
aerial exhaust Pb laden particulates. Lead paints are also
still being used for face-lifting buildings in the city. The
combined effect of these activites has probably
contributed to the rise in the level of this highly toxic heavy
metal in the urban effluent and eventually in the surroun-
ding lake waters. The Nakivubo channel is nevertheless
not the sole inlet bringing in polluted effluent; there are
other inland ports and cities around the lake, notably the
ports of Kisumu and Mwanza in the republics of
neighbouring Kenya and Tanzania, respectively. The
Kagera River from the Republic of Rwanda also drains
and empties into the lake. These also contribute to the
overall present chemical constitution of the lake water.
For each of the metals investigated in this study, the
levels at the mouth of the wetland have steadily
increased. If for each annual sampling season the
wetland were fully effective in filtering out the heavy
metals from the effluent, the relative concentrations
would to a good approximation be at the 50% level at the
1500 m sites (Figure 3). In other words the heavy metal
content of the filtered wetland effluent would be almost
identical to that of the lake water. The observation that
the urban effluent bars are in each case longer than
those of the lake water indicates only partial and
incomplete filtration by the wetland. It would seem, from
the overall percentage absorption of the metals (which is
also equivalent to the efficiency of the wetland), Table 3,
that the ability of the wetland vegetation to sift out the
metals in December 2008 was in the decreasing order:
Cu > Cd > Zn > Pb, whereas the degree of contamination
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in the untreated effluent just before the wetland (Table 1)
decreased in the order: Cu > Zn > Pb > Cd. However,
comparisons of this nature would only be meaningful if
the different plant species presently in the wetland had
similar absorptivities for each metal. Consequently, the
order of the metals in the effluent (that is, Cu > Zn > Pb >
Cd) at the point of entry into the wetland is not similar to
that (that is, Cu > Cd > Zn > Pb) at the mouth of the same
wetland. This is assumed to be due to selective
absorption by plants. Nevertheless it was important to
note that for each heavy metal the percentage absorption
levels decreased over the studied period, a clear
indication of the growing ineffectiveness of Nakivubo
wetland in filtering out heavy metals from untreated
Kampala urban effluent prior to discharge into Lake
Victoria.

Conclusion

Our results show that the untreated Kampala urban
effluent incident on the Nakivubo channel carries
relatively high heavy metal pollution which is followed by
a gradual decline as it oozes through the wetland. It
finally discharges into the lake with still significant heavy
metal quantities compared to the average levels in the
lake water. This point to the growing ineffectiveness of
the wetland to control the heavy metal pollution. The
Ugandan capital Kampala relies on the Nakivubo channel
for its drainage of wastewater, runoff and industrial or
other effluent. The present heavy metal levels in the
channel can no longer be effectively filtered out by the
only wetland associated with the channel prior to
discharge into Lake Victoria. The levels of heavy metals
in the lake water itself are on the rise, which poses a big
threat to the only reliable source of fresh water for
domestic and industrial use. The levels also threaten the
aquatic life, in particular the quality of the fish, in the lake.
It is therefore imperative upon the relevant urban
authorities in central East Africa to take appropriate
measures forcing the industries to treat their effluent at
the source before release into the environment. In
addition, tougher laws should be put in place as a
deterrent against urban wetland encroachers.

ACKNOWLEDGMENT

The authors acknowledge with thanks, support from the
Department of Chemistry, Makerere University (Kampala,
Uganda). The constructive comments of our anonymous
referee to improve upon the quality of this manuscript are
also gratefully appreciated.

REFERENCES

Arockiadoss T, Xavier FP, Karthikeya Prabhu B, Babu M (2008).
Electrical conductivity as a tool for identification of metal
contaminated fish protein. J. Food Eng., 88: 405-410.

Birungi Z, Masola B, Zaranyika MF, Naigaga |, Marshall B (2007).
Active biomonitoring of trace heavy metals using fish (Oreochromis
niloticus) as bioindicator species. The case of Nakivubo wetland
along Lake Victoria. Phys. Chem. Earth, Parts A/B/C 32: 1350-1358.

Cances B, Ponthieu M, Castrec-Rouelle M, Aubry E, Benedetti MF
(2003). Metal ions speciation in a soil and its solution: experimental
data and model results. Geoderma 113: 341-355.

Cerovic A, Miletic |, Sobajic S, Blagojevic D, Radusinovic M, El-
Sohemy A (2007). Effects of zinc on the mineralisation of bone
nodules from human osteoblast-like cells. Biol. Trace Elem. Res.,
116: 61-71.

Chen Z, Meng H, Xing G, Chen C, Zhao Y, Jia G, Wang T, Yuan H, Ye
C, Zhao F, Chai Z, Zhu C, Fang X, Ma B, Wan L (2006). Acute
toxicological effects of copper nanoparticles in vivo. Toxicol. Lett.
163:109-120.

Deng H, Ye ZH, Wong MH (2004). Accumulation of lead, zinc, copper
and cadmium by 12 wetland plant species thriving in metal-
contaminated sites in China. Environ. Poll., 132: 29-40.

Deng H, Ye ZH, Wong MH (2009). Lead, zinc and iron (Fe*) tolerances
in wetland plants and relation to root anatomy and spatial pattern of
ROL. Environ. Exper. Bot., 65: 353-362.

FAO/MWHO (1993). Evaluation of Certain Food Additives and
Contaminants. Geneva: FAO/WHO.

Sanin LH (1998). Accumulation of lead in bone and its effects on health.
Salud Publica Méx. 40: 359-368.

Godt J, Scheidig F, Grosse-Siestrup C, Esche V, Brandenburg P, Reich
A, Groneberg DA (2006). The toxicity of cadmium and resulting
hazards for human health. J. Occup. Med. Toxicol., pp.1-22.

Jarup L (2003). Hazards of heavy metal contamination. Br. Med. Bull.,
68: 167-182.

Kachenko A, Singh B (2004). Heavy metals contamination of home
grown vegetables near metal smelters in NSW. SuperSoil.
Published by The Regional Institute Ltd, ISBN 1 920842 26 8.

Kishe MA, Machiwa JF (2003). Distribution of heavy metals in
sediments of Mwanza Gulf of Lake Victoria, Tanzania. Environ.
Intern., 28: 619-625.

Liu X, Ni I, Wang W (2002). Trophic transfer of heavy metals from
freshwater zooplankton Daphnia magna to zebrafish Danio reiro.
Wat. Res., 36: 4563-4569.

Moreira FR, Moreira JC (2004). Effects of lead exposure on the human
body and health implications. Rev. Panam. Salud Publica [online]
15: 119-129.

Mugabe R, Nyangababo JT, Schréder KH (1998). Voltammetric study of
copper complexation by natural inorganic ligands in a salt lake. Int.
J. Environ. Stud., 55: 247-253.

Munabi C, Kansiime F, Amel A (2009). Variation of water quality in
Kakira catchment area, Jinja — Uganda. Phys. Chem. Earth, Parts
A/BIC 34: 761-766.

Mwamburi J (2009). Trace metal concentration in water and sediments
of satellite lakes within Lake Victoria (Kenya) basin. Lakes Reserv.
Res. Manage., 14(3): 203-220.

National Environmental Management Authority, NEMA, (2004).
Standards for discharge of effluent in water, In: Environmental
Legislation of Uganda (a) §10, pp.11-12; (b) §7, pp. 1-4.

Njiru M, Ojuok JE, Getabu A, Muchiri MS, Cowx IG, Okeyo Owuor JB
(2006). Dominance of introduced Nile tilapia, Oreochromis niloticus
(L.) in Lake Victoria: A case of changing biology and ecosystem,
Ministry of Water and Irrigation, Nairobi (Kenya). In: Odada, Eric
(Ed.) Proceedings of the 11th World Lakes Conference 2: pp. 255-
262.

Nyakairu GWA, Nagawa CB, Mbabazi J (2009). Assessment of
cyanobacteria toxins in freshwater fish: A case study of Murchison
Bay (Lake Victoria) and Lake Mburo, Uganda. Toxicon., 55(5): 939-
946.

Ogwok P, Muyonga JH, Sserunjogi ML (2009). Pesticide Residues and
Heavy Metals in Lake Victoria Nile Perch, Lates niloticus, Belly Flap
Oil. Bull. Environ. Contam. Toxicol., 82(5): 529-533.

Onyari JM, Wandiga SO (1989). Distribution of Cr, Pb, Cd, Zn, Fe and
Mn in Lake Victoria sediments, East Africa. Bull. Environ. Contam.
Toxicol., 42(6): 807-813.

Sirover MA, Loeb LA (1976). Infidelity of DNA synthesis in vitro:
screening for potential metal mutagens or carcinogens. Science 194:


http://www.sciencedirect.com/science/journal/02608774
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235088%232008%23999119996%23689120%23FLA%23&_cdi=5088&_pubType=J&view=c&_auth=y&_acct=C000065986&_version=1&_urlVersion=0&_userid=4979798&md5=2c11d3dce028c687948986e596f7f23e
http://www.sciencedirect.com/science/journal/14747065
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%237253%232007%23999679984%23668581%23FLA%23&_cdi=7253&_pubType=J&view=c&_auth=y&_acct=C000065986&_version=1&_urlVersion=0&_userid=4979798&md5=c285bffe501dbb896f193683576ae5a1
http://www.springerlink.com/content/120549/?p=c342ad774c5345348813f1612aa6c322&pi=0
http://www.springerlink.com/content/r526620w2014/?p=c342ad774c5345348813f1612aa6c322&pi=0
http://www.sciencedirect.com/science/journal/03784274
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235177%232006%23998369997%23619243%23FLA%23&_cdi=5177&_pubType=J&view=c&_auth=y&_acct=C000065986&_version=1&_urlVersion=0&_userid=4979798&md5=0e86b37dec80672d7a521d765a651899
http://www.sciencedirect.com/science/journal/02697491
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235917%232004%23998679998%23511975%23FLA%23&_cdi=5917&_pubType=J&view=c&_auth=y&_acct=C000065986&_version=1&_urlVersion=0&_userid=4979798&md5=d7ebdcd9cabcb58c3fb1fa5af7cd9602
http://www.sciencedirect.com/science/journal/00988472
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235022%232009%23999349997%23876080%23FLA%23&_cdi=5022&_pubType=J&view=c&_auth=y&_acct=C000065986&_version=1&_urlVersion=0&_userid=4979798&md5=40dfea6da7c23fbdbce41589edf3ded2
http://www.scielosp.org/scielo.php?pid=0036-3634&script=sci_serial
http://www.sciencedirect.com/science/journal/01604120
http://www.sciencedirect.com/science/journal/01604120
http://www.sciencedirect.com/science/journal/01604120
http://www.sciencedirect.com/science/journal/00431354
http://www.scielosp.org/cgi-bin/wxis.exe/iah/?IsisScript=iah/iah.xis&base=article%5edlibrary&format=iso.pft&lang=i&nextAction=lnk&indexSearch=AU&exprSearch=MOREIRA,+FATIMA+RAMOS
http://www.scielosp.org/cgi-bin/wxis.exe/iah/?IsisScript=iah/iah.xis&base=article%5edlibrary&format=iso.pft&lang=i&nextAction=lnk&indexSearch=AU&exprSearch=MOREIRA,+JOSINO+COSTA
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6X1W-4WR66H3-2&_user=4979798&_coverDate=12%2F31%2F2009&_rdoc=1&_fmt=high&_orig=article&_cdi=7253&_sort=v&_docanchor=&view=c&_ct=3105&_acct=C000065986&_version=1&_urlVersion=0&_userid=4979798&md5=2acbe353652c2d0211488db69a77fec9
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6X1W-4WR66H3-2&_user=4979798&_coverDate=12%2F31%2F2009&_rdoc=1&_fmt=high&_orig=article&_cdi=7253&_sort=v&_docanchor=&view=c&_ct=3105&_acct=C000065986&_version=1&_urlVersion=0&_userid=4979798&md5=2acbe353652c2d0211488db69a77fec9
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6X1W-4WR66H3-2&_user=4979798&_coverDate=12%2F31%2F2009&_rdoc=1&_fmt=high&_orig=article&_cdi=7253&_sort=v&_docanchor=&view=c&_ct=3105&_acct=C000065986&_version=1&_urlVersion=0&_userid=4979798&md5=2acbe353652c2d0211488db69a77fec9
http://www.sciencedirect.com/science/journal/14747065
http://www.sciencedirect.com/science/journal/14747065
http://iodeweb1.vliz.be/odin/handle/1834/2761
http://iodeweb1.vliz.be/odin/handle/1834/2761
javascript:AL_get(this,%20'jour',%20'Bull%20Environ%20Contam%20Toxicol.');
http://www.ncbi.nlm.nih.gov/pubmed/1006310?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/1006310?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum

1434-1436.

Ssebagala BMS, Tiwangye JN, Schrgder KH (2004). Voltammetric
study of mixed ligand complex formation of lead in simulated salt lake
water. Int. J. Environ. Stud., 61(5): 563-570.

Uganda Bureau of Statistics (2005). National Population and Housing
Census 2002. Main Report. Kampala City.

Weaver J, Wilson WH, Biegalski SRF, O’Kelly DJ (2009). Evaluation of
heavy metal uptake in micropterus salmoides (Largemouth Bass) of
Lake Austin, TX by neutron activation analysis. J. Radioanal. Nucl.
Ch., 282: 443-447.

Mbabazi etal. 3439

Wendelaar Bonga SE, Lock RAC (2003). Metal toxicity to fish. Aquacult.
217(1): 686-686.

World Health Organisation, WHO (2008). Guidelines for drinking-water
quality [electronic resource]: incorporating 1st and 2nd addenda,
Recommendations 1, 3rd ed. ISBN 978 92 4 154761 1 (WEB version).


http://www.springerlink.com/content/mg2x50186331/?p=04bf1d03c85343cf968139962e3dd214&pi=0
http://www.springerlink.com/content/mg2x50186331/?p=04bf1d03c85343cf968139962e3dd214&pi=0

