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ABSTRACT
Urbanisation and agriculture represent a dramatic example of human interference in catchment hydrology. The impact
of agricultural, domestic, industrial and municipal activities on river flow and water quality within the Upper Manyame
Catchment Area (UMCA) was assessed using 7-year nitrate, phosphate and water flow rate data, collected by the
Environmental Management Agency (EMA). Water samples for nitrate and phosphate analysis were collected at 8 points
along the Manyame (2 points), Marimba (2 points) and Mukuvisi (4 points) rivers, and runoff volume was recorded at
the mouth of each river. Annual runoff of each river was closely related to rainfall amount, with the lowest runoff being
recorded during drought years. High nitrate and phosphate concentrations were recorded directly downstream of residential, municipal and industrial areas suggesting that these were the major sources of the pollutants found in the river
water. For example, phosphate concentration at 2 sites along Mukuvisi River (downstream of domestic and industrial areas)
exceeded the statutory limit (0.5 mg/ℓ) for ‘safe’ or good quality water (‘blue’ category) according to the Zimbabwe Water
(Waste and Effluent Disposal) Regulations, and ranged from 0.78 mg/ℓ during the dry season to 2.23 mg/ℓ during the wet
season. In the Marimba River phosphate concentration at Site 4 (downstream of domestic, industrial and sewage processing
plant) also exceeded the safe water quality standard by 4–6 times. Although Marimba River contributes the lowest proportion of runoff (relative to the other two rivers sampled) entering Lake Chivero, it contributed the highest nitrate (114 840
kg/yr) and phosphate (84 324 kg/yr) loading. It was concluded that anthropogenic activities within the UMCA were the
major sources of nitrate and phosphate pollution in the three rivers and pose a serious threat to the ecological sustainability
of the rivers and lakes downstream, and to the economic wellbeing of nearby cities which rely on the water for potable uses.

Keywords: effluent, nutrient load, river water flow rate, urban agriculture, water pollution

INTRODUCTION
Increasing loads of nitrogen (N) and phosphorus (P) in water
bodies has become one of the major environmental problems
facing the world (Howarth et al., 1996; Seitzinger et al., 2010).
A worldwide assessment (946 rivers) showed that, although
most rivers displayed nitrogen export profiles (N fraction
distributions) reflecting pristine conditions, nitrate export
to rivers that passed through human settlements was related
to human population density (Alvarez-Cobelas et al., 2008).
Although P discharges into coastal waters have stabilised or
reduced in Western Europe, after unprecedented contamination during the second half of the 20th century, N trends have
not attenuated and are still increasing in some places (Thieu et
al., 2010). In the Tibetan Plateau, which is the water source for
40% of the world’s population, anthropogenic impacts (addition
of metal and non-metal ions, including ammonium ions from
mining and untreated municipal wastewater) on river water
quality have been recorded in some locations in the Mekong
River and Yarlung Tsangpo basins (Huang et al., 2009). In subSaharan Africa (SSA), most rivers that pass through municipal,
industrial, mining, domestic and agricultural areas are polluted and pose an environmental concern (Nyamangara et al.,
2008; Arimoro, 2009; Emeka et al., 2009). The concentration
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of pollutants in river water is exacerbated by weak institutions
that fail to effectively regulate and enforce safe disposal of
wastewater and other pollutants (Nhapi, 2009).
Urban and peri-urban agriculture is also a major nonpoint source of water pollution. Non-point sources of pollution
are challenging to control because they derive from activities
which vary in space and time. For example, during the 2008/09
cropping season 50% of households in Harare, the capital city
of Zimbabwe, grew maize to support their food requirements
(Zimbabwe Vulnerability Assessment Committee, 2009). The
increase in the number of people that have been growing crops
inevitably results in increased use of N and P fertilisers. Some
of the fertiliser remains in the top soil (e.g. P) where it can be
washed away by runoff water, and some (e.g. N) leaches into
groundwater. Besides causing environmental damage, loss of N
and P from arable fields constitutes an economic loss to urban
and peri-urban farmers, some of whom are very poor and live
below the poverty datum line of 1 USD per day.
Most of the industrial activities in Zimbabwe, including
agro-processing and fertiliser manufacture, are concentrated
in Harare and its satellite towns. These urban settlements are
located in the Upper Manyame Catchment Area (UMCA).
Increased concentrations of pollutants that include nitrate and
phosphate, have been reported in rivers that drain the UMCA
(Mapanda, 2003; Nhapi et al., 2004; Nyamangara et al., 2008).
Nutrients in river water cause a plethora of problems such as
proliferation of algae and water hyacinth (Eichhornia crassipes), fish kills due to loss of oxygen, reduction of biological
diversity, difficulties in potable water treatment, and clogging
of irrigation pipes. For instance, periodic fish kills in the rivers
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that drain into Lake Chivero, and in the lake itself, have been
blamed on excessive loading of nutrients (N and P) from industrial and municipal wastewaters in Harare and Chitungwiza
(Moyo, 1997; Gratwicke et al., 2003). However, these nutrient
loads have not been quantified over time.
Earlier attempts to measure N and P in rivers in Zimbabwe
have generally reported as concentration values measured over
a short period of time, usually a few months (e.g. Mathuthu
et al., 1993; Dube et al., 2010). Nhapi et al. (2004) calculated
the N and P loading into Lake Chivero using short-term data.
Although data and information generated from short-term
research may give insights, there is also a need to capture variation over a long period of time, which is necessary for informed
decision making and planning for pollutant management.
Vollenweider (1992) argued that it is not the concentration that
matters, but the nutrient supply rate. A short-term exposure
to a relatively high concentration of a pollutant may be less
harmful than a prolonged exposure to a lower concentration
(Miller et al., 2007). Pollution loading studies recognise that
toxic effects are a function of both the magnitude of pollutant
concentration and exposure time to that concentration (Adán
et al., 1996). The objective of this study was to determine the
long-term nitrate and phosphate concentration and loading in
Manyame, Marimba and Mukuvisi rivers, which are the major
streams draining the UMCA, and which feed into Lake Chivero
in north-eastern Zimbabwe.

Figure 1
Map of Zimbabwe showing the location
of Upper Manyame Catchment area

MATERIALS AND METHODS
Site description
The UMCA is drained by the Manyame, Marimba and
Mukuvisi rivers, and the rivers in turn drain into Lake Chivero
(Fig. 1). The lake is the major source of potable water for the
City of Harare and its satellite towns of Chitungwiza, Epworth,
Norton and Ruwa, which account for 47% of the urban population of Zimbabwe (Hranova et al., 2002). With the exception
of Norton, these towns are located in the UMCA, thereby
contributing to eutrophication problems in the rivers and Lake
Chivero (Moyo, 1997). The National Water Quality Laboratory
of the Environmental Management Authority (EMA) of
Zimbabwe has established sampling points along the three
rivers (Fig. 2) where water samples are regularly collected and
analysed as part of long-term water quality monitoring.
The source of Manyame River is found 5 km west of
Marondera town and the upstream catchment area comprises
of commercial and communal farmlands. Thereafter, it flows
through Chitungwiza, one of the most densely populated urban
settlements in Zimbabwe, before it drains into Lake Chivero.
The two sampling points used for the study were HCR21 (Site
1) (narrow bridge near Dema Growth Point, Seke Communal
lands) and HCR 60 (Site 2) (Manyame River Bridge on the way
to Masvingo) (Fig. 2).
Marimba River stretches for about 25 km, originating
from the University of Zimbabwe grounds in Harare. It flows
through the northern and western parts of Harare’s commercial
centre, collecting surface runoff from low-, medium- and highdensity residential areas. It also flows through the Workington
Industrial Area. The river passes through Crowborough Sewage
Treatment Works (CSTW) and a farming area before discharging into Lake Chivero. Two sampling points used for the study
were HCR52 (site 3) (Kambuzuma access through Warren Park
D) and HCR51 (site 4) (downstream of Crowborough Sewage
Works) (Fig. 2).
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Figure 2
Map showing the water quality monitoring sampling points for the
Upper Manyame Catchment Area (Zimbabwe) used in the study

Mukuvisi River drains the greater part of the City of
Harare. The river passes through Msasa and Ardbennie
industrial areas, and residential areas of Mbare, Parktown,
Houghton Park, Waterfalls, Highfield and Glen Norah. The
river also receives eff luent from Southerton industrial area
via a canal just below the bridge along Simon Mazorodze
Road in Waterfalls. The four sampling points used for
the study were: HCR50 (Site 5, next to Zimphos turn-off,
on bridge), HCR49 (Site 6, on bridge behind OKMart in
Braeside), HCR48 (Site 7, on bridge near Lord Malvern
Shopping Centre) and HCR47 (Site 8, Glen Norah C round
about from Chitungwiza) (Fig. 2).
Water samples were also collected after the convergence
of the rivers, i.e., HCR 23 (Site 9) (just after the confluence of
Mukuvisi and Manyame rivers), HCR 24 (Site 10) (just after
all three rivers converge) and HCR 25 (Site 11) (just before
discharge into Lake Chivero) (Fig. 2). The water flow rate and
concentration of nitrate and phosphate in the water were also
measured at the mouth of each river.
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The long-term flow rate in each river peaked in the middle
of the rainy season (January–March) and was highest for
Manyame (>45 000 m3/s); flow rates for Marimba and Mukuvisi
were similar to each other (>5 000 m3/s). However annual flow
rate was highly variable, especially for Manyame River (Fig. 3),
an indication of the variable nature of rainfall in the subSaharan region where severe droughts tend to occur once in
every 9 to 10 years (Rockström, 2004).
Nitrate and phosphate concentrations

Figure 3
Variation in annual water flow rate at the mouths of Manyame,
Marimba and Mukuvisi rivers, upstream of Lake Chivero, Zimbabwe,
over a 53-year period
5
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Nitrate and phosphate concentrations were compared with the
threshold limits for safe water (blue category) according to the
Zimbabwe Waste (Waste and Effluent Disposal) regulations
of 2000 (Dube et al., 2010). In Manyame River, both nitrate
and phosphate concentrations were below the statutory limit
concentrations (Fig. 4). However nitrate concentration at the
two sampled sites was more than double during the wet season
than to the dry season, even though dilution from rainwater
was expected to lower the concentration of nitrates in the river
during the high rainfall period.
For Marimba River, nitrate concentrations at both Site 3
and Site 4 were higher in the wet season compared to the dry
season (Fig. 5). At Site 4 the nitrate concentration was above
the statutory limit concentration during the wet season
(Fig. 5). However phosphate was higher during the dry season,
and was above the statutory limit concentration for both seasons at Site 4. The massive increase in nitrate and phosphate
concentrations from Site 3 to Site 4 (Fig. 5) implies that a
major source of water pollution occurs between the sites. Both
sites were located within a domestic and heavy industrial zone
but Site 4 was located downstream of a point where treated
sewage effluent from Crowborough Sewage Processing Plant,
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Data analysis
Concentration and stream flow data were divided into wet
(November–May) and dry (June–October) seasons, and average concentrations computed. Nitrate and phosphate concentrations were compared to the Zimbabwe Water (Waste and
Effluent Disposal) Regulations 2000 (blue category: ≤ 3 mg/ℓ
NO-3, ≤ 0.5 mg/ℓ phosphate) (Dube et al., 2010). The blue category denotes ‘safe’ water or good water quality.
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Data sets for long-term (2001–2007) flow, nitrate and phosphate
concentrations were obtained from EMA. The frequency of
water sampling at each site was at least once per month but
was not always the same for all sites. Nevertheless, the resulting database represents an unusually comprehensive and fairly
regular dataset in space and time. Data for flow rate, nitrate and
phosphate concentration at the mouth of each river (before they
converged) was also collected for the same period. Nitrate concentration was determined by direct colorimetric method and
phosphate concentration by colorimetric, stannous chloride
method (APHA, 1995). The nitrate and phosphate loading in
each river was calculated by multiplying nitrate and phosphate
concentrations with the annual runoff recorded at the mouth of
each river (Webb and Walling, 1985).

H C R21
( S ite 1 )

H C R60
( S ite 2 )

S a m p lin g s ite

Figure 4
Mean concentration of nitrate (NO3-) and phosphate (PO4-) along
Manyame River over a 7-year period (2001–2007). HCR 21 (Site 1) –
on a narrow bridge near Dema Growth Point, Goromonzi District,
and HCR69 (Site 2) – on bridge along Masvingo Highway

the main plant serving the western area of Harare, enters the
stream (Fig. 2).
Along Mukuvisi River, both nitrate and phosphate concentrations were higher during the wet season and nitrate concentrations at all sites were below the statutory threshold limit
(Fig. 6). Phosphate concentration was also higher during the
wet season and at Site 7 and 8 was substantially above the statutory threshold limit, suggesting a major source of the chemical
between Site 6, which had trace amounts (<0.25 mg/ℓ), and
Site 7 (Fig. 6). One of the major tributaries of Mukuvisi River
originates near Msasa industrial area and Epworth residential
area, and flows through Hatfield and Prospect residential areas
before joining the main river between Sites 6 and 7.
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Figure 5
Mean concentration of nitrate (NO3-) and phosphate (PO4-) along
Marimba River over a 7-year period (2001–2007). HCR 52 (Site 3)
– Kambuzuma Access through Warren Park D, and HCR 51 (Site 4) –
Caravan Park through Amalinda Road); all sites in Harare.
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TABLE 1
Average annual water discharge, and nitrate
and phosphate load, at the mouths of Marimba,
Mukuvisi and Manyame rivers in the Upper
Manyame Catchment Area
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HCR 47
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Figure 6
Mean concentration of nitrate (NO3-) and phosphate (PO4-) along
Mukuvisi River over a 7-year period (2001–2007). HCR50 (Site 5) – on
bridge just before ZIMPHOS turn-off in Msasa, HCR49 (Site 6) – on bridge
behind OK Mart in Baeside, HCR 48 (Site 7) – on bridge just before Lord
Malvern Shopping Centre, and HCR24 (Site 8) – on bridge near Glen
Norah C roundabout from Chitungwiza; all sites in Harare.
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Manyame River contributed 69.1% of the total runoff measured, followed by Mukuvisi River (17.9%) (Table 1). Although
Marimba River accounted for the lowest contribution of runoff
to Lake Chivero, it contributed the highest nitrate (47.8%) and
phosphate (57.6%) loading (Table 1) and is therefore a major
source of pollution and eutrophication to the lake (Moyo,
1997). Marimba and Manyame (38.5%) rivers contributed
83.6% of nitrate loading while Marimba and Mukuvisi (33.3%)
rivers contributed 90.9% of the phosphate imported into Lake
Chivero (Table 1).

DISCUSSION
Variation in nitrate and phosphate concentration along a
river assists in the identification of zones of intense pollution
where detailed monitoring can be conducted. The low nitrate
and phosphate concentrations at Site 1 along Manyame River
(upstream of Chitungwiza town) indicated the low loading
from the commercial and smallholder farming areas, both
livestock and cropping areas, upstream of the site. However,
the relatively high nitrate and phosphate concentrations at
sampling points located within domestic and industrial areas,
and soon after sewage processing plants, indicated that these
were the major sources of nitrate and phosphate pollution in
the river water in the UMCA. In a related study by Nyamangara
et al. (2008), it was concluded that elevated heavy metal concentrations in water and sediments along Mukuvisi River originated from industrial and residential areas of Harare.
The high nitrate and phosphate concentrations in water
from the three rivers during the wet season, with the exception of phosphate in Marimba River (Fig. 4), was not expected.
Generally the increased river water volume during the wet
season has a dilution effect on pollutant levels (e.g. Emeka et
al., 2009). However, these findings were supported by Barco
et al. (2008), who reported increased nitrate concentration
during the wet season in the upper Arroyo Seco watershed in
California, USA, particularly after the occurrence of storms
preceded by dry periods. In our study, the higher nitrate and
phosphate concentrations in the river water were attributed
to uncollected domestic solid waste and sewage sludge from
burst pipes that accumulate during the dry season and are
then washed into the rivers during the rainy season. Economic
challenges in Zimbabwe since the year 2000 have resulted in
municipalities failing to maintain sewerage infrastructure and
the collection of solid waste (Tibaijuka, 2005). Therefore sewage
sludge and effluent, and solid waste that accumulated in open
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spaces, were washed into rivers during the rainy season. Nhapi
(2009) also reported that runoff from cropped fields in the
UMCA was an important source of N and P washed into Lake
Chivero. Urban and peri-urban agriculture, often in ecologically sensitive areas and using high fertiliser application rates
(e.g. Mapanda, 2003), has rapidly increased in Harare and its
satellite towns within UMCA, as poor households seek to supplement their meagre incomes.
Nitrate and phosphate concentrations at Site 4 on the
Marimba River, and phosphate concentrations at Sites 7 and
8, were above the threshold limits for river water in Zimbabwe
(Dube et al. 2010) and therefore pose an environmental and
health risk to aquatic life and the urban population of
Harare and satellite towns, respectively. The high phosphate
concentrations in the Marimba and Mukuvisi rivers is a
major cause for concern as P is generally the most limiting
nutrient to growth of aquatic vegetation under natural conditions in most freshwater bodies. The resulting algal blooms
and other aquatic plants which flourish with increased P
availability make water purification difficult, impart an
unpleasant taste and odour to drinking water (Marshall,
1997) and have been blamed for periodic fish kills in Lake
Chivero (Moyo, 1997).

CONCLUSION
Anthropogenic activities within Harare and its satellite urban
centres are contributing significant amounts of nitrate and
phosphate to rivers within the Upper Manyame Catchment
Area which drain into Lake Chivero, the main source of potable water for the cities, thereby posing both an ecological and
socio-economic concern. The concentration of ions, particularly nitrates, in the water was higher during the wet season
due to waste washed into the rivers by runoff from urban
settlements. Although Marimba River accounted for the lowest volume of water flowing into Lake Chivero, it contributed
the highest nitrate and phosphate loading. There is a need
for more detailed investigations near the identified pollution
‘hotspots’ to identify the specific sources so that corrective
measures can be taken.
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