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In April 2014, the Centre for Water Resources Research (CWRR) and partners were awarded a 5 year
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The project will produce 15 Deliverables over the next four years, all of which are linked to the various project
components. This Deliverable is focused on the water quality of the upper-uMngeni catchment, in particular
on the quality of water entering the Midmar and Albert Falls Dams.
The quality and quantity of water resources of the uMngeni Catchment are of much interest and great
importance to the economic development of the cities of Pietermaritzburg and Durban and the development
regions associated with them, as well as with the province of KwaZulu-Natal. Umgeni Water (UW),
Department of Water and Sanitation and eThekwini municipality (for the lower part of the catchment)
undertake monitoring of the water quality throughout the catchment. UW produces monthly water quality
reports for the catchment as a whole. These monthly reports, although useful, do not adequately portray the
water quality of rivers and impoundments at spatial or temporal scales suitable for detailed understanding
neither of the situation nor for planning mitigation measures particularly as regards the potential role for
ecological infrastructure in improving and maintaining water quality in the catchment. Thus, a focus for this
project has been gaining an understanding of the water quality of various parts of the catchment, with the
intention of better understanding where investments in ecological infrastructure have the potential to provide
sustained benefits to the catchment and society that utilises the benefits it provides.
The project team has undertaken several studies in support of this understanding. These have included
desktop studies of land use and land cover and associated changes in water quality over time, bi-weekly
monitoring of key water quality constituents in various parts of the catchment, including miniSASS
assessments and modelling studies to extend missing records and to provide an indication of areas of
sediment production in the catchment.
This report is structured to provide a brief overview of the water quality of the catchment as a whole and then
provides detailed analyses of key components of water quality in the upper-uMngeni catchment through two
scientific papers that have been prepared and work that supports these. These papers are structured to
standalone, so rather than incorporating them into the Deliverable report, hyperlinks to the relevant
files are provided. Appendices provide detail not included in the papers.
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The following sections provide an overview of the water quality of the upper-uMngeni catchment with a focus
on nutrients, as these have long been recognised as the major pollutants of concern because of the risk
associated with high nutrient loads to Midmar and Albert Falls Dams. Overview
Monitoring and reporting by Umgeni Water over the past 5 years confirm that water quality deteriorates as
one moves downstream, but that there are pockets of poor water quality throughout the catchment.
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Figure 1 Raw water quality of the uMngeni catchment - 2009-2013 (Umgeni Water, 2014)

This is further detailed in Table 1, which, based on the water quality index used by UW, shows water of
generally “good” quality for both rivers and impoundments of the upper-uMngeni. However, in the river
reaches, segments of the rivers feeding Midmar Dam are reported to be of “poor” quality. It is these rivers
sections that have been the focus of attention of this project as detailed in the following sections.
Table 1 Raw water quality of the uMngeni catchment - 2009-2013 (Umgeni Water, 2014)

Despite the regular reporting by UW, it quickly became evident to the UKZN team that there were major gaps
in the monitoring of water quality in the rivers in the upper part of the catchment. This is detailed in Sections
2.1 and 2.3. In particular, the use of a monthly grab sample was considered inadequate for reporting of the
status of water quality in the upper part of the catchment. Consequently the UKZN team decided
complement the monitoring of UW by sampling every fortnight at the same sites as sampled by UW and
extend the sampling to some new sites, including four sites where atmospheric deposition samples are
collected, as shown in Figure 2.
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Figure 2 Monitoring sites in the upper uMngeni catchment.

Sampling frequency (total/annum)

A key area of concern is that monitoring over the past 20 years has declined in both frequency and sampling
sites. Figure 3 for the Lions River presents a typical illustration in the frequency of sampling from weekly
sampling in the late 1980’s to zero in 2005-2007 and to the current situation i.e. weekly. In addition, many
historical sites are no longer monitored. These include most of the smaller streams entering Midmar Dam
and the Karkloof River, the main tributary of the uMngeni between Midmar and Albert Falls dams. The
Mthimzima stream which drains Mpophomeni has monthly water quality grab samples, but since the Midmar
Dam wall was raised in 2004, and the surrounding weirs were submerged, streamflow can no longer be
monitored. As explained in Section 2.2, this has been simulated in order to estimate pollutant loads entering
Midmar Dam from this catchment.
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Figure 3 Total number of samples analysed per year at Lions River Catchment
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Land use and land cover change (LULC) are major drivers of water quality deterioration in watercourses and
impoundments. However, there is a complex relationship between LULC changes and the concentration of
water quality variables from one region to another and, understanding of the spatial and temporal variability
of LULC characteristics and their link to water quality parameters in catchments is limited.
This study investigates the linkages between biophysical chemical water quality parameters viz. electrical
conductivity (EC), nitrate (NO3-N), ammonium (NH4-N), soluble reactive phosphorus (SRP), total phosphorus
(TP), total suspended solids (TSS), temperature, turbidity and Escherichia coli (E. coli) and LULC classes in
the upper reaches of the uMngeni Catchment, a rapidly developing catchment in the KwaZulu-Natal
(KZN)Province, South Africa. Geographic Information Systems (GIS) 12.1 and statistical analyses were used
to correlate land use information and water quality parameters collected by the local water authority for the
years 1994, 2000, 2008 and 2011. Natural vegetation, forest plantations and cultivated areas occupy 85% of
the catchment. An increase in cultivated, urban/built-up and degraded areas by 6%, 4.5% and 3%
respectively and other land uses (plantations, mines, wetlands and waterbodies) coincides with a decrease
of the natural vegetation by 17%. Variability in the concentration of water quality parameters from 1994 to
2011 and a decline in water quality were observed. E. coli levels exceeding recommended guidelines for
recreation and public health protection were noted as a major issue in six of the eight sampling points.
Midmar Dam, a large water supply reservoir, retains over 10% of nutrients and over 95% of E. coli. Increase
of urban/built-up and cultivated areas was significantly associated with high concentrations of TP, EC, NO3,
SRP, E. coli, and NH3 in the waterbody while a decline in forest plantations and natural vegetation resulted in
an increase in TSS and turbidity (p< 0.05). This highlights the complexity and site specific nature of
relationships between LULC types and water quality parameters in uMngeni Catchment. This information has
potential for further application to address water quality deterioration and management in the uMngeni
Catchment and beyond.
The paper below has been prepared for submission to a scientific journal and provides full details of this
analysis.
Paper 1 - EFFECTS OF LAND USE AND LAND COVER CHANGES ON WATER QUALITY IN THE
UMNGENI RIVER CATCHMENT, SOUTH AFRICA
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EFFECTS OF LAND USE AND LAND COVER CHANGES ON WATER
QUALITY IN THE UMNGENI RIVER CATCHMENT, SOUTH AFRICA
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Abstract
Land use and land cover change (LULC) are major drivers of water quality deterioration in
watercourses and impoundments. However, there is a complex relationship between LULC
changes and the concentration of water quality variables from one region to another and,
understanding of the spatial and temporal variability of LULC characteristics and their link to
water quality parameters in catchments is limited.
This study investigates the linkages between biophysical chemical water quality parameters
viz. electrical conductivity (EC), nitrate (NO3-N), ammonium (NH4-N), soluble reactive
phosphorus (SRP), total phosphorus (TP), total suspended solids (TSS), temperature,
turbidity and Escherichia coli (E. coli) and LULC classes in the upper reaches of the
uMngeni Catchment, a rapidly developing catchment in the KwaZulu-Natal (KZN)Province,
South Africa. Geographic Information Systems (GIS) 12.1 and statistical analyses were used
to correlate land use information and water quality parameters collected by the local water
authority for the years 1994, 2000, 2008 and 2011. Natural vegetation, forest plantations and
cultivated areas occupy 85% of the catchment. An increase in cultivated, urban/built-up and
degraded areas by 6%, 4.5% and 3% respectively and other land uses (plantations, mines,
wetlands and waterbodies) coincides with a decrease of the natural vegetation by 17%.
Variability in the concentration of water quality parameters from 1994 to 2011 and a decline
in water quality were observed. E. coli levels exceeding recommended guidelines for
recreation and public health protection were noted as a major issue in six of the eight
sampling points. Midmar Dam, a large water supply reservoir, retains over 10% of nutrients
and over 95% of E. coli. Increase of urban/built-up and cultivated areas was significantly
associated with high concentrations of TP, EC, NO3, SRP, E. coli, and NH3 in the waterbody
1

while a decline in forest plantations and natural vegetation resulted in an increase in TSS and
turbidity (p< 0.05). This highlights the complexity and site specific nature of relationships
between LULC types and water quality parameters in uMngeni Catchment. This information
has potential for further application to address water quality deterioration and management in
the uMngeni Catchment and beyond.
Key words: Land use, land cover, Midmar Dam, uMngeni Catchment, Water quality
*: Corresponding author e-mail address: najoannes@yahoo.fr

1. INTRODUCTION

Over 50% of the global population now lives in urban areas (Aguilera et al., 2012;
Maimaitijiang et al., 2015) and it is expected that urbanisation will continue to increase in
future decades with equivalent land use and climate change impacts (Ianis and Manuel,
2014; Maimaitijiang et al., 2015). Land use and land cover (LULC) are two different, but
closely related terms. The Food and Agriculture Organisation of the United Nations (FAO)
defines land cover as the (bio) physical cover on the earth’s surface and immediate
subsurface which describe vegetation (cropland, forest, grassland), and man-made features
such as settlements, recreation, mining and waterbodies (Fairbanks et al., 2000; Schulze,
2000; FAO, 2005). Land use refers to human conversion and modifications of land cover.
This includes arrangements, activities and inputs people undertake to land cover to produce
food and energy, to change or maintain it (Schulze, 2000; FAO, 2005; Warburton, 2012;
Maimaitijiang et al., 2015).
LULC changes affect geomorphology, soil properties, hydrological processes and water
quality at global, regional and local scale (Wan et al., 2014) and thus, the ecological integrity
of aquatic ecosystems (Miserendino et al., 2011),. The key anthropogenic drivers of LULC
changes are over-exploitation of agricultural land use, conversion of natural forestry to
commercial forestry or pasture land and rapid urbanisation (Miserendino et al., 2011; Yu et
al., 2013). Agricultural land use activities lead to an increase in nutrient loads, sediments and
organic matter in rivers, lakes, impoundments and estuaries which are major problems to
catchment managers (Foley et al., 2005; Shrestha et al., 2008).
2

Many research studies on the linkages between LULC and stream water quality have found a
clear relationship, while others showed a complex relationship, varying from one region to
another in the world (Miserendino et al., 2011; Dabrowski et al., 2013; du Plessis et al.,
2014; Wan et al., 2014; Yu et al., 2015), whilst others concluded that a significant
relationship between land use and water quality parameters exists at a catchment level
(Kibena et al., 2014). Wan et al., (2014) indicated temporal, spatial and scale variations and
notes that upstream reaches are subject to fewer impacts compared to downstream. Fewer
impacts in steeper areas compared to flatter areas have also been reported and LULC impacts
in large streams differ greatly from those in small streams (Buck et al., 2004; Duncan, 2014;
Wan et al., 2014). A study carried out in 95 administrative departments of France, for
example, concluded that forest cover has positive impact on water quality while agricultural
runoff is the main source of water pollutants (Foley et al., 2005; Fiquepron et al., 2013). This
is contradicted by an investigation done in Zimbabwe which showed that settlement and
agricultural land uses have positive impacts on water quality of local streams (Kibena et al.,
2014). Du Plessis et al. (2014) found that LULC changes have various negative impacts on
water quality of a watercourse as they lead to both increases and declines in the concentration
of water quality variables, therefore, through influencing land cover. LULC changes are also
known to affect both soil properties and geomorphology, which in turn alter hydrological and
biogeochemical processes in a river basin, leading to alteration of water quality (Wan et al.,
2014).
Researchers have demonstrated that cultivated land use produces five times more sediments
in a watercourse than forest, as a result of lower runoff coefficients (Fiquepron et al., 2013).
Sediment yield in South Africa (SA) is estimated to be between 100-400 tons.km-2.a-1, a
value which is not high globally, but critical, due to climatic variations in the country (Brink
et al., 2005). Forest and grasslands tend to limit sediment flow and turbidity, discharge less
nitrates into waterbodies and play a major role in water purification, filtering and trapping of
nitrogen, phosphorus and potassium (Fiquepron et al., 2013; Kibena et al., 2014). However,
land development in the form of agricultural and urban use have direct impacts on the
deterioration of water quality of a stream, by increasing runoff and discharging of nutrients
and heavy metals (Pratt and Chang, 2012). In New Zealand, Buck et al. (2004) showed that
agricultural land use is the major source of nutrients and faecal coliforms to rivers and
streams of the country. While over half of the global population of the developing countries
lives in urban areas, most of them live in urban sprawl much of which can be considered
3

slums (Duh et al., 2008; Linard et al., 2013) and which has significant impacts on water
quality (reference here ..). In 2010, the percentage of urban population, living under slum
conditions, without adequate water, sanitation and other basic infrastructures such as sewage
and electricity was over 60% in sub-Saharan Africa (Linard et al., 2013; Fox, 2014). In 2005,
the South African population, living under slum conditions was estimated to 28.7% (Fox,
2014).
LULC change is a key driver affecting the catchment hydrology in SA (Albhaisi et al., 2013).
A continuation of land development will likely result to shrinking of potable water supply
and in other water related ecological services (recreational purposes, aquatic biodiversity)
(Pratt and Chang, 2012). Masubelele et al. (2014) assessed historical land use and rainfall
data and concluded that there is decline in shrublands in favour of grassland in semi-arid
areas of South Africa. At national scale, a land cover change assessment carried for the
period 1995-2005 showed an increase of 1.2 % in transformed land (forestry, urban, mining
and plantation forestry) and a decrease in cultivated land by 0.5% (Schoeman et al., 2013;
Masubelele et al., 2014). In the KwaZulu-Natal (KZN) Province, afforestation and cultivation
increased by 20% over the period 1984-1994 (Fairbanks et al., 2000). The period 1995-2005
was characterized by an increase in percentage of urban, forest plantations and other land
covers classes in KZN, except cultivation, mining and quarries which decreased in the same
period (Schoeman et al., 2010, 2013).
KwaZulu-Natal province is considered to be one of the most disturbed regions in South
Africa by human activities, while a major river and its catchment, the uMngeni River has a
high modification of the natural vegetation, resulting of anthropogenic activities, such as,
population growth, change in food and energy demands and socio-economic and policy
drivers (Warburton et al., 2010). Land use and land cover change activities in the uMngeni
Catchment affect the major water uses in the catchment namely, natural environment,
agriculture, industry, domestic water supply and recreation (Dabrowski et al., 2013). Land
use in the uMngeni catchment is dominated by natural vegetation (40.4%), cultivated land
(10.2%), plantations (25.6%), urban/built-up (17%) and other land uses (7%) as summarized
in Table 1.
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Table 1 Land cover distribution in the uMngeni Catchment (EKZNW, 2013)
Land use type
Natural vegetation
Cultivated
Degraded
Urban/built-up
Waterbodies
Plantations
Mines
Wetlands
Total

Area
km2
1756
443
146
740
98
1116
3
48
4349

Percentage of
land use
40.4
10.2
3.4
17.0
2.2
25.6
0.1
1.1
100

uMngeni catchment can be broadly divided into three reaches with different land uses, where
the upper reach is dominated by commercial forest and agriculture, the middle reach by
sugarcane plantations and urban areas of Pietermaritzburg along uMsunduzi tributary, and
the lower reaches encompassing industrial and urban areas of Durban at the river mouth.
Formal and informal settlements are also concentrated in the upper Howick area (Warburton,
2012; Dabrowski et al., 2013). Evidence of water quality deterioration of the uMngeni River
is ascribed to increased population pressures and improvement of living standards the threat
of industrial pollution (CSDS, 1990) and agricultural intensification. For example, the
population of KZN province has increased by 22% in the period between 1996-2009 and over
the half of this population lives in the uMngeni Catchment (Beires, 2010).
Major investigations on water quality monitoring, focusing on eutrophication of uMngeni
River system have been undertaken since 1972 with support of South African Water
Research Commission Environmental Affairs Department (Hemens et al., 1977; Breen, 1983;
Hudson et al., 1991; Dennison and Lyne, 1997; Kienzle et al., 1997; Fairbanks et al., 2000;
DWAF, 2002; WRC, 2002; DWAF, 2008; Quayle et al., 2010; Schoeman et al., 2010;
GroundTruth, 2012; Schoeman et al., 2013; Singh, 2013). Nutrient loads estimated, using
phosphorus export coefficients from South African literature were higher in comparison to
nutrient loads obtained, using default export coefficients of phosphorus loading estimator
model (PLOAD) in the upper uMngeni catchment.

The application of Bayesian Decision

Networks in Mpophomeni has illustrated the major causes of water quality deterioration
(Dabrowski et al., 2013).
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A number of studies, linking LULC change to water quality have been undertaken
(Miserendino et al., 2011; Aguilera et al., 2012; Li et al., 2012; Dabrowski et al., 2013; du
Plessis et al., 2014; Ianis and Manuel, 2014; Kibena et al., 2014; Wan et al., 2014) and these
approaches may be applicable to the uMngeni catchment. However, a focus on the uMngeni
River system, a rapidly developing catchment requires the collection of timely and accurate
land use and land cover information to assist in the detection of impacts on water resources
and inform management actions. However, to the knowledge of the author; no study linking
spatial and temporal variations of LULC categories and water quality parameters has been
undertaken in uMngeni catchment. Consequently, the aim of this study is to assess the
linkages between land use and land cover types and biophysical chemical water quality
parameters. Three specific objectives are set: (1) assessment of spatial and temporal LULC
changes in the uMngeni River catchment for the period 1994-2011, using a geographic
information system (GIS), (2) understanding the temporal variability of biological, and
physico-chemical water quality parameters in the uMngeni Catchment based on data
collected by Umgeni Water (UW) and (3) to establish a relationship between LULC classes
with water quality variables at key sites in the catchment.
This paper contributes to our knowledge of LULC changes in a fast developing catchment,
typical of many in developing countries, water quality deterioration thereof and provides
information for policy makers and land use planners in the catchment.

2. MATERIALS AND METHODS
2.1 Study area

The study was conducted in the uMngeni Catchment, located in the KZN province, in South
Africa. The uMngeni river catchment has a surface area of 4349 km2, produces over 20% of
the gross national product of SA and accommodates over 4.5 million inhabitants, representing
45 % of the KZN population and 65% of total economic production in KZN (Graham et al.,
1998; Graham, 2004; Warburton, 2012; Mauck and Warburton, 2013; WWF-SA, 2013). The
uMngeni River length is estimated as 225 km. It rises at uMngeni vlei at an altitude of 1760
m above the sea level and discharges to the Indian Ocean, near the City of Durban (DWAF,
2008). The river flow is regulated by four large dams from upstream to downstream, viz.
6

Midmar, Albert Falls, Nagle and Inanda (Figure 1). These dams are the major sources of
water supply to the towns of Pietermaritzburg and Durban and to informal settlements
scattered in the catchment as well as to agricultural water uses (Kienzle et al., 1997). Midmar
and Albert Falls Water Management Areas (WMAs) produce three quarters of the runoff,
entering the uMngeni River system (Breen, 1983) and thus, form the focus of this study.
Lions River is the major tributary of the uMngeni River upstream of the Midmar Dam and
includes water transfer schemes from the Mooi River in Thukela WMA (Clark et al., 2009).
Downstream, uMsunduzi River drains Pietermaritzburg and joins the uMngeni River
upstream of the Inanda Dam.
The mean annual rainfall across the catchment is highly variable, ranging between 600 mm to
1500 mm per annum, with most of the rainfall in the summer (October to March). Average
annual temperature ranges, from 12 to 200C and a high mean annual evaporation ranging
between 1567 and 1737 mm per annum (Clark et al., 2009; Warburton et al., 2012; Mauck
and Warburton, 2013). Altitude across the uMngeni catchment varies from 0 to 2013 m above
sea level, respectively from the Indian Ocean in the East, to the mountainous areas in the
West (Clark et al., 2009).
Based on climate, soil type, land use and land cover, the uMngeni catchment has been
subdivided into 13 WMAs by the erstwhile Department of Water Affairs and Forestry
(DWAF), currently known as the Department of Water and Sanitation (DWS) (Figure 1). All
surface waters generated from each WMA converge to the same point which is generally a
water monitoring site or a gauging weir (Warburton et al., 2012). This study will encompass
the five WMAs located upstream of the Albert Falls Dam which are viz. Albert Falls,
Karkloof, Midmar, Lions and Mpendle, covering an area of 1635 km2 (Figure 1).
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Figure 1 Location of the study area in the uMngeni Catchment

2.2

Data collection
2.2.1

Water quality data

For the purpose of this study, water quality data were provided by Umgeni Water (UW), the
entity responsible for bulk potable water supplier in the catchment. As part of its business,
UW monitors sections of the uMngeni River and tributaries. The dataset covers a period of
27 years expanding from 1987 to 2013. The sampling frequency over this period varies from
weekly to monthly and even quarterly. Many chemical constituents are monitored, but for
this study, the water quality parameters related to LULC changes, eutrophication of a
waterbody and human health were selected viz. electrical conductivity (EC), pH, ammonium,
nitrate, soluble reactive phosphorus (SRP), total phosphorus (TP), total suspended solids
(TSS), temperature, Turbidity and E. coli (Yu et al., 2013; du Plessis et al., 2014). All
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biological, physical and chemical water parameters were sampled, following standard
methods described by the DWS and analysed according to international standards in the UW
ISO9002 accredited laboratories. .
Based on UW water sampling sites, the study area was subdivided in two areas, namely
uMngeni catchment upstream of the Midmar dam which includes Mthinzima inflow of the
Midmar Dam (S4), Lions River at Weltevreden weir (S2), uMngeni River at Petrus Stroom
(S1) and uMngeni inflow to the Midmar Dam (S3) and uMngeni River downstream of the
Midmar Dam, encompassing the sampling sites of uMngeni River outflow of the Midmar
Dam (S5), uMngeni River at Howick (S6), Karkloof River tributary of uMngeni River (S7)
and uMngeni River at Morton Drift (S8)(Figure 2).

Figure 2 Hydrological map of uMngeni Catchment, showing the water sampling points and WMAs in
upstream of the Albert Falls Dam
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2.2.2 Land use and land cover information

Historical LULC maps used in this study were sourced from various private and public
institutions in the country. The maps were processed using ARCGIS 10.1 to calculate the
percentage of each LULC class in uMngeni Catchment (Table 2).
Table 2 Source of land use and land cover information
Date of data
capturing
1994
2000
2008

2011

2.3

Source of land cover information

Data type

South African National Land Cover
(NLC1994)
South African National Land Cover
(NLC2000)
Provincial land cover imagery sourced
from Ezemvelo KZN Wildlife (EKZNW)
produced by Geoterraimage (pty) Ltd
Provincial land cover imagery sourced from
Ezemvelo KZN Wildlife (EKZNW)
produced by Geoterraimage (pty) Ltd

Shape file of uMngeni
Catchment land cover
Shape file of National
land cover map
Raster file, cell size
20mx20m for KZN
Province
Raster file, cell size
20mx20m for KZN
Province

Year of
publication
1996
2005
2010

2013

Data processing and analysis

2.3.1 Statistical analysis
Descriptive statistic methods were used to determine average, standard deviation, standard
errors, minimum, maximum values and number of water quality samples. Monthly and
annual concentrations of parameters for each site in Figure 2 were also determined.
Following the approach of Li et al., 2012; Kibena et al., 2014 ) a Pearson correlation
analysis was undertaken to establish whether a linear relationship between land use and land
cover variables which are considered as independent variables and water quality variables as
dependent variables exists and the statistical significance of the association. In all cases
bivariate data were used (Clark et al., 2009). Statistica version 7, a statistical analysis
software was used to calculate the Pearson correlation coefficient r, to give more precision to
the relationship between bivariate data, depending on whether there is a positive, negative or
no-relationship between two variables. Based on Pearson correlation coefficients, a
relationship between two variables was considered as strong, medium, weak and none,
depending on whether the absolute values of r were respectively, from 1-0.68, 0.67-0.36,
0.35-0.10 and 0.09-0.00 (Taylor, 1990; Li et al., 2012; Kibena et al., 2014). Pearson
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correlation analysis have been applied in other research studies, linking LULC changes on
water quality in South Africa and in other countries and has provided useful results (Pratt and
Chang, 2012; du Plessis et al., 2014).
The mean annual concentration of each water quality parameter per site, for the years 1994,
2000, 2008 and 2011 were correlated to LULC information for each sub-catchment. Umgeni
Water has provided water quality data for 17 sampling sites, of which 12 sites are located
downstream and 4 sites upstream of the Midmar Dam. Inconsistency in the frequency of
sampling was observed, varying from monthly, to weekly, quarterly, once per year and even
zero sampling per year at some sampling sites after the 2000. Only water quality parameters
measured in all sites were included in the database developed in this study. Consequently,
this has resulted in the reduction of sampling sites to eight as shown in Table 4. Water quality
deterioration trends were assessed, following a typical hydrological year for the catchment,
starting from October to September, namely, 1993-1994, 1999-2000, 2007-2008 and 20102011, coinciding with available LULC information.

Table 3 Water quality monitoring sites and sub-catchments
Subcatchment
ID
C1
C2

Area
(km2)

site ID

Site code
(UW)

Latitude

Longitude

Sampling site description

319
362

S1
S2

RMG-001
RLN-001

-29.4918
-29.4427

30.108360
30.148702

C3

65

S3

RMG-002

-29.4878

30.156225

uMngeni at Petrus stroom
Lions river at Weltevreden weir
U2H007
uMngeni inflow of the Midmar Dam

C4
C5
C6

55
24
17

NA
NA
S4

*
*
RMT-006

*
*
-29.5402

*
*
30.193235

C7

73

S5

RMG-003

-29.4911

30.202900

C8
C9
C10

22
82
333

S6
NA
S7

RMG-006
*
RKK-003

-29.4875
*
-29.3820

30.235300
*
30.279000

C11

98

S8

RMG-008

-29.4421

30.329710

C12

186

NA

*

*

*

Gqishi inflow of the Midmar Dam
Nguklu inflow of the Midmar Dam
Mthinzima river influent of the Midmar
dam
uMngeni outflow of the Midmar Dam
uMngeni at Howick
*
Karkloof River upstream of the
confluence with uMngeni
uMngeni at Morton’s Drift after
confluence with Karkloof tributary
*

*: A sub-catchment without an outlet water monitoring site or without available water quality
data, Ci: sub-catchment, Si: water sampling point and NA: non-applicable
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2.3.2 Land use and land cover reclassification

A catchment delineation exercise was carried out upstream of each sampling point to quantify
the proportion of land use types, contributing to a particular sampling site. Automated
hydrology and archydro tools of ArcGIS 10.1 for a digital elevation model (DEM) of 20 m x
20 m resolution were combined with delineated sub-catchments by Warburton et al (2012). A
combination of both methods has overcome the problems of over-estimation of subcatchment areas as occurred in automated delineation method (Khan et al., 2014).
Based on eight sampling points, the catchment was divided into 12 sub-catchments, among
which, four of them are without outlet sampling points (Figure 3).

From the national land use/cover data, using GIS 10.1, a reclassification of land use and land
cover (LULC) in the uMngeni Catchment was carried out, to merge all LULC classes into
eight classes viz., natural vegetation, cultivation, degraded, urban/built-up, waterbodies,
plantations, mine and wetlands. Percentages of LULC class were calculated for each subcatchment upstream of the Albert Falls Dam.

Figure 3 (a) Sketch illustrating the streamflow direction in sub-catchments, with Ci: sub-catchment,
Si: sampling sites at an outlet of a sub-catchment, x: for a sub-catchment without a sampling point (b)
Hydrological map of uMngeni Catchment showing the water sampling points and sub-catchments in
upstream of the Albert Falls Dam
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3. RESULTS AND DISCUSSIONS
3.1

Biophysical and chemical trends of water quality variables

The recorded pH was slightly alkaline, ranging between 7.4-7.6 in six sampling sites with an
average value of 7.5. Electrical conductivity of 7.8 ms/m and 8.4ms/m were recorded at S3
and S8, respectively. Overall, EC values are higher than those from previous studies (for
example, Graham et al., 1998, Graham, 2004). High concentrations in E. coli exceeding the
threshold for human recreational contact with water were noted at six of the eight sampling
sites and reflected sharp increases from 1994 to 2011. Very high E. coli counts were recorded
at the sites S2 and S4 with a maximum value of 145674 CFU/100ml. Only sites S5 and S6
immediately downstream of Midmar Dam showed E. coli concentrations of less than 130
CFU/100mL, the threshold for recreational purposes (DWAF, 1996). This shows the role of
the Midmar Dam in reduction of E. coli. Higher concentrations of E. coli are linked to rapid
urbanisation which is associated with expansion of informal settlements, livestock and poor
sanitary systems particularly at site S4, located downstream of Mpophomeni Township.
Concentrations of NO3-N in the eight sampling sites ranged between 0.17-0.45 mgN.L-1 and
high levels of 2.6 mgN.L-1 and 0.57mgN.L-1 were found at S4 and S8, respectively. High
levels of nutrients at S4 indicate effects of the Mthinzima Stream to water quality
deterioration of the Midmar Dam, despite the small size of Mpophomeni sub-catchment.
Total phosphorus concentrations, exceeding DWS threshold for eutrophication at S8 and S4
are consistent with the findings of Quayle et al. (2010). An increase in turbidity and TSS at
S3 and S8, was also comparable to other studies (DWAF, 2008).

3.1.1

Water quality upstream of the Midmar Dam

Four sites (S1, S2, S3 and S4) showed higher concentrations of E. coli, indicating pollution
by warm blooded animals (DWAF, 1996). The presence of E. coli (Figure 4) in water
suggests the presence of other pathogens which can infect humans through ingestion or skin
cuts. The main sources of E. coli in the catchment may be attributed to cattle, sheep and goats
grazing and poor sewerage systems in Mpophomeni settlement (DWAF, 2008). Midmar Dam
is the source of raw water for the DV Harris Water Treatment Works. Therefore, high
13

concentration of E. coli in the Midmar Dam water has economic implications by raising the
cost of water treatment at the plant (Graham et al., 1998). A comparison of water pollution in
the four sites upstream of the Midmar Dam from the most to the least polluted, showed that
S4 is most polluted, then S2, S3 and finally S1. Higher concentrations of TP and E. coli were
noted in the rainy season (November to March) compared to the dry season (April to
October). Fluctuations in nutrient concentrations from 1994 to 2011 vary by orders of
magnitude in all eight sites. TP concentrations ranged between 35μgP.L-1 (S3) to 1667μgP.L1

at site S4. The value at S4 exceeded eutrophication thresholds (Figure 5 (S4)). These

findings give more insights to the study by Mark et al. (1998) which concluded that water
quality entering the Midmar Dam was of good quality when considering nutrients, TSS,
electrical conductivity and turbidity. However, nutrient concentrations at S4 (Mthinzima) are
higher than other sites as suggested in other previous studies (Graham et al., 1998;
GroundTruth, 2012; Dabrowski et al., 2013). This is elucidated by the fact that Mthinzima
stream is contaminated by sewage spilling and waste dumping from Mphophomeni
Township, while at Petrus Stroom, the uMngeni River drains an area of pristine vegetation
(Figures 4 and 5). However, a decline in E. coli levels, from 1993-1994 to 1999-2000 was
noted at sites S1, fluctuation at S2, S3 and S4 and sharp increase in all four sites for the
hydrological years 2007-2008 to 2010-2011. In general, in all sites, high levels of E. coli
were observed during the summer period (October to April), the period of highest rainfall in
the catchment (Figure 4).
Higher concentrations of TP, nitrate, ammonia and SRP at S2 are attributed to piggery, dairy
cattle and poultry farming activities in the Lions River sub-catchment as suggested by
Dabrowski et al. (2013). High concentration of E. coli at S2 could be ascribed to Mooi River
transfer schemes to Mpofana, the tributary of Lions River.
However, this study also found higher E. coli levels at site S2 compared to sites S1 and S3. A
decline in nutrient and E. coli levels from S2 to S3 which could be attributed to biological,
chemical, physical, hydrological processes within the stream, interactions of stream-wetlands
(Rücker and Schrautzer, 2010; Hesse et al., 2013) and river self-purification processes
(DWAF, 2008). Seasonality had no effect at sites S1, S2 and S3 but at S4 higher
concentrations occurred in winter season. Site S4 has high level of TP, SRP, NO3,NH3 TSS
and turbidity, resulting from dysfunctional sewer networks in Mpophomeni and a high
density of unsewered informal and low cost housing in the area (Deventer, 2012). Water
quality at Site S1 is good, owing to less activities in the catchment.
14

We compared the mean annual TP concentrations with DWS threshold for eutrophication of
55μgP/L and found occurrences of exceeding values at S1,S2 and S3 (in 2008) while at Site
S4, this benchmark value was always exceeded for TP, nitrate and ammonium (Figure 6)
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Figure 4 Log scale average monthly concentrations of E. coli (CFU/100ml) in four sites, upstream of
the Midmar Dam: (S2) Lions River at the Weir, (S1) uMngeni at Petrus Stroom, (S3) uMngeni inflow
of the Midmar and (S4) Mthinzima inflow to the Midmar Dam. Where errors bars do not appear, less
than two samples were taken per month
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Figure 5 Average monthly concentrations of TP in four sites, upstream of the Midmar dam: (S1)
uMngeni at Petrus Stroom, (S2) Lions River at the weir, (S3) uMngeni inflow of the Midmar
and (S4) Mthinzima inflow of the Midmar dam
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Figure 6 Average monthly concentration of nitrate, upstream of the Midmar Dam; (S1)
uMngeni

at Petrus Stroom, (S2) Lions river at the weir, (S3) uMngeni inflow of the Midmar

and (S4)

Mthinzima inflow of the Midmar Dam

3.1.2 Water quality downstream of the Midmar Dam

Midmar Dam plays a big role in improvement of water quality of uMngeni River, through
internal bio-physical and chemical processes, occurring within the dam such as, increasing
water residence time, die-off of E. coli, sedimentation of phosphorus and denitrification of
nitrogen (Suwarno et al., 2015). ). E. coli are killed by solar ultra-violet radiations (DWAF,
2008). Midmar Dam retained over 95% of E. coli and between 10 to 50% of TP, nitrate,
turbidity and TSS (Figure 7 This effectively reduces the cost of water treatment at the DV
Harris Water Works which increases with raising concentration of E. coli (Graham et al.,
1998). However, at S5 increases in temperature and SRP were recorded. These findings
confirm the role of reservoirs in trapping sediment and nutrient loads which results in
improvement of water quality and in turn, impacts on aquatic biodiversity, downstream of the
dam as noted in other research studies (Dabrowski and de Klerk, 2013; Liu et al., 2015;
Suwarno et al., 2015) and is consistent with a studies which show the influence of
impoundments on riverine nutrient transport and their role in nutrient retention(Bosch, 2008)
(Figure 7).
The site S5 (outflow of Midmar dam) has low levels of E. coli, nitrate and TP. However,
concentrations increase at S6 after inflow of Howick Waste Water Works effluent which is
16

likely to be the main source (Figures 8 and 9). However, it is important to mention
irregularities in water quality monitoring at sites S6 and S7 for the years 2007-2008 and
2010-2011 (Figures 7, 8, 9 and 10). Hence, the seasonality does not affect E. coli, TP and
nitrate levels in sites S6, S7, S8 while high E. coli counts are found in summer season in site
S5. High levels of both nutrients at S7 could be associated to commercial forestry and
sugarcane plantations in Karkloof.
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Figure 7: Log scale average monthly concentrations of E. coli (CFU/100ml) (a) and log scale
(μgP.L-1) (b) at two sites S3 and S4 feeding the Midmar Dam and at

concentration of TP

site S5: the outflow of the Midmar Dam, for the hydrological year 1993-1994
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Figure 8 Log scale average monthly concentration of E. coli (CFU/100ml) at (S5) uMngeni outflow
of
the Midmar Dam, (S6) uMngeni at Howick, (S7) Karkloof upstream of uMngeni confluence,
(S8) uMngeni at Morton Drift.
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Figure 9 Average monthly TP concentration down stream of the Midmar Dam: (S5) uMngeni outflow
of Midmar Dam, (S6) uMngeni at Howick, (S7) Karkloof upstream of uMngeni confluence,
(S8) uMngeni at Morton Drift
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Figure 10 Average monthly nitrate concentrations downstream of the Midmar Dam: (S5) uMngeni
outflow Midmar Dam, (S6) uMngeni at Howick(S7) Karkloof upstream of uMngeni
confluence, (S8) uMngeni at Morton Drift
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3.2 Spatial and temporal variation of water quality parameters
A comparison of the four sites upstream of the Midmar Dam (S1, S2, S3 and S4), shows that
S1 (uMgeni River water at Petrus Stroom) is of good quality compared to S2 (Lions River at
the weir) and at the inflow of the Midmar Dam (S3), a reduction in nutrients concentration
and E. coli levels is evident. This may be attributed to in channel processes and interactions
between the river and surrounding wetlands. High levels of nitrate and E. coli at S2 could be
attributed to water transfer schemes from Mooi River to Mpofana which is the tributary of
Lions River (DWAF, 2008). It is important to note that Mthinzima Stream is highly polluted
as confirmed by other investigations (DWAF, 2008; Dabrowski et al., 2013). Deterioration of
water quality of uMngeni River from S6 to S8, in terms of nutrients and E. coli was noted by
DWAF (2008) and may be attributed to urban development in Hilton, formal and informal
resettlements in Howick and Hilton, effluent discharge from Howick Waste Water Treatment
Plant and other point and non-point source of pollution in the area (Dabrowski et al., 2013)
(Figures 11 (1), 12 (2) and 12 (3)). However, a lack of water quality data at the sites S7 and
S8 for the year 2008 and 2011 has hindered conclusive interpretation.






 











 

 





























 














 







Figure 11 Log scale average annual concentration of E. coli (1) and nitrate (2) from upstream to
down stream. The site S4, representing Mthinzima inflow of the Midmar dam was removed
due to high concentrations in both parameters

The water quality sampling frequency from 1997 to 2000, was carried out on a weekly basis
over the whole catchment with a cumulative number of samples of 48 to 60 per year.
However, since 2001, inconsistency has been noted when a monthly sampling programme
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(12 samples/year) was implemented for a number of sampling sites and even non-sampling in
some instances (Figure 12 (4)).
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Figure 12: Average annual concentration of total phosphorus (3) and cumulative annual
monitoring

frequency in the catchment (4)

In summary, water quality in the study area is gradually deteriorating with respect to E. coli
and nutrients as confirmed by increases of chlorophyll-a in Midmar and Albert Falls dams
(Quayle et al., 2010; Matthews, 2014). The magnitude of water quality deterioration is
pronounced upstream of the Midmar Dam and from uMngeni River at Howick to uMngeni
River at Morton Drift. This has negative implications for different water uses. A concern
thatimpoundments of the uMngeni catchment becoming eutrophic as raised by previous
studies (Wiechers and Heynike, 1986; Walmsley, 2000; GroundTruth, 2012) persists.
An increase in sediment related variables (turbidity, total suspended solids and total
phosphorus) has a direct impact on water treatment processes. Based on concentrations of
SRP, TP and chlorophyll-a since 1975, the Midmar Dam was an oligo-mesotrophic system
and the contribution of river flow to TP budget was less than 5% with a mean annual TP of 9
μg.L-1 (Hemens et al., 1977). Another study carried in 2010 analysed water quality data sets
for 1995 to 2008 and demonstrated that the annual average concentrations of TP entering the
Midmar and Albert Falls dams were 42.5 μg.L-1 and 68.1 μg.L-1 respectively (Quayle et al.,
2010). These values do not differ greatly with our findings of 46.7μgP.L-1 and 67.4μgP.L-1, at
21

S3 and S8, respectively. The increase in TP in both dams is correlated with increases of the
primary productivity within dams. Annual chlorophyll-a concentrations increased by 27%
and 7% per annum for Midmar Dam and Albert Falls, respectively (Quayle et al., 2010). If
these trends continue at the same rate, Midmar and Alberts Falls dams are expected to reach
eutrophic conditions by the year 2019 (Dabrowski et al., 2013) .

3.3 Distribution of land use and land cover changes

The major LULC classes in the catchment at 2011 were dominated by natural vegetation,
plantations and cultivated areas, representing, respectively 42%, 26% and 17% and other
land use classes representing 15%. LULC changes in the catchment showed a decline in
natural vegetation by 17 % since 1994 in favour of expansion of cultivated, urban/built-up
and

degraded

areas

and

other
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land

uses

(Table

5).

Table 4 Distribution of land use and land cover changes in the catchment from 1994 to 2011 (based
on information from Thompson, 1996, NLC, 2000; EKZNW, 2010, 2013)

ID

LU class

1
2
3
4
5
6
7
8


Natural
Cultivated
Degraded
Urban/built-up
Waterbodies
Plantations
Mines
Wetlands


1994
Area,
Km2
960.338
179.937
17.410
46.681
427.195
3.252
   

Area,
%
58.74
11.01
0.00
1.06
2.86
26.13
0.00
0.20

2000
Area,
Km2
835.368
214.273
28.243
21.850
56.019
434.258
0.099
44.705
  

Area,
%

2008
Area,
Km2

51.10
13.11
1.73
1.34
3.43
26.56
0.01
2.73


748.67
251.575
43.210
82.253
58.257
425.855
0.298
24.616
  

Area,
%

2011
Area,
Km2

Area,
%

45.80
15.39
2.64
5.03
3.56
26.05
0.02
1.51


687.717
282.349
47.017
89.287
62.399
429.325
0.283
36.252
  

42.07
17.27
2.88
5.46
3.82
26.26
0.02
2.22


% of
change
19942011

The natural vegetation, plantations, cultivation and urban/built-up classes are the major land
use types in 12 sub-catchments, representing 25 to 60%, 0.1 to 49%, 1 to 43% and 4 to 41 %,
respectively. Other land use classes (degraded, waterbodies, mines and wetlands) represent
less than 15% of the catchment area. It was noted that, decreases of natural vegetation
coincide with increases of urban built-up, plantations and cultivated land uses. Based on the
2011 LULC reclassification, natural vegetation, cultivated, degraded, urban/built-up and
plantation land uses occupy great percentages of land use areas in subcatchments C1, C3, C5,
C6 and C12 respectively, waterbodies in C7 and C12 and wetlands in C3 (Figure 13).
In sub-catchments C5, C6, C8, C3 and C2, the proportion of natural vegetation converted to
other land uses over a period of 17 years are 37%, 36%, 26%, 24% and 23% respectively. In
these sub-catchments, there is an increase in urban/built-up areas by 21%, 14% and 13% for
C6, C5 and C8. A decline of the natural vegetation occurs relative to large increases of
urban/built-up and other land uses in four of 12 sub-catchments, while a small decline of
forest plantations was noted in C1, C2, C9 and C12. Hence C5, C6 and C8 are the most
disturbed sub-catchments with higher increases of urban/built-up land uses, while C1 and C4
are the least affected sub-catchments with a low rate of urbanisation (Figure 14). This is
supported by a growing urban population in areas, surrounding the Midmar Dam toward
Albert Falls with further expansions until 2050 as reported in Mauck and Warburton (2013).
Increases in cultivated areas were noted in C2, C11, C6 and C10.
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Figure 13 Percentage of land use distribution in 12 sub-catchments (EKZNW, 2013)

Figure 14 Historical land use and land cover maps of upstream of the Albert Falls Dam (Thompson,

1996; NLC,

2000; EKZNW, 2010, 2013)
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3.4 Relationship between LULC changes and water quality variables

In order to assess whether there is a relationship between LULC and water quality parameters
in the catchment, eight independent variables (natural, urban/built-up, cultivated, plantations,
waterbodies, mines, degraded and wetland) and nine water quality variables were selected as
dependent variables.
Pearson correlation coefficients showed that the degree of association between LULC classes
and water quality varies from a sub-catchment to another (Table 5). For example at C11,
increases in urban/built-up and degraded land uses are paired to an increment of TP
concentrations, while plantations and wetlands positively influence EC and turbidity,
respectively. In this sub-catchment, a decline in natural vegetation and forest plantations is
strongly associated with high levels of TP and TSS in streams. Therefore, these relationships
in C11 are weaker. In C2 a significant negative association exists between waterbodies and
TSS while for other land use types, the degree of association are medium and even none
(Tables 6 and 7).
A comparison of the two sub-catchments C8 (Howick and Hilton formal and informal
settlements) and C6 (Mpophomeni Township), both with high urbanization areas, shows that
high levels of E. coli, EC, NH3, NO3, SRP and temperature are linked to a shrinkage of
natural vegetation in favour of urban/built-up. However, in C6, SRP and TP concentrations
are strongly associated with natural and mines land uses, EC with degraded and wetlands and
NH3 with urban built-up and cultivation land types as in C8. These finding are consistent with
observations in Blesbok Spruit Catchment in South Africa (du Plessis et al., 2014) and in a
humid north west Shikoku island in Japan where increase of urban/built is associated with
water quality deterioration (Mouri et al., 2011).
In sub-catchment C1, with a predominance of the natural vegetation, high levels of turbidity,
TSS and SRP are strongly influenced by increases of forest plantations and urban/ built-up
areas. These land uses in C1 do not notably affect NO3 and NH3. The degree of association
changes in sub-catchment C3, with a unique significant association between urban/built-up
and concentrations of E. coli. This could be ascribed to the fact that this sub-catchment has
combined effects from C1 and C2 after Lions River wetland. This evidence is supported by
complex relationships between LULC and water quality parameters which are site specific as
25

revealed in the Tai Lake basin, China (Wan et al., 2014). Interpretation of our results at C7
was hindered by the location of the sampling site at the outflow of the Midmar Dam which
retains high rate of nutrients and E. coli. Influence of other land uses types in this subcatchment are likely to be masked by the dam. Hence, in this sub-catchment, NH3 is
positively linked to waterbodies and urban/built-up.
Furthermore, high levels of inorganic nitrogen (NO3-N and NH3) are positively influenced by
an increase in urban/built-up and cultivated land use types (in C7, C8, C6) and a decline in
natural vegetation (C8). Two findings in the literature support this interpretation, (1)increase
in forest plantations and cultivated land uses with application of fertilizers increase nitrates in
water and (2) urban/built-up land cover increases inorganic nitrogen concentration in water,
in case a wastewater treatment plant is constructed what could be an explanation in the C6
and C8 sub-catchments (Ahearn et al., 2005). In this study, the lack of outlet sampling sites in
sub-catchments C4, C5, C9 and C12 (excluded in our correlation matrix) and inconsistency in
water quality monitoring in C10 (lack of 2008 and 2011 water quality data) were the major
challenges (Tables 5 and 6) and limit confidence in the findings and the extent to which firm
conclusions can be drawn..
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Table 5 Relationship between land use types and water quality parameters, N=4
Subcatchment/
Sampling site

C1/S1

LULC Class

E.coli

EC

NH3

NO3

TSS

SRP

Temp

TP

Turb

Natural
Cultivated
Degraded

0.49
0.14
-0.84
-0.11
0.18
0.55
.a
-0.79

0.83
-0.29
-0.87
-0.19
-0.63
0.32
.a
-0.87

-0.25
0.42
0.19
0.72
-0.10
-0.82
.a
-0.21

0.11
-0.47
0.04
-0.71
0.09
0.71
.a
0.45

0.75
-0.85
-0.50
-0.98*
-0.53

-0.71
0.95
0.36
0.99**
0.66
-0.87
.a
-0.10

-0.28
0.31
0.31
0.64
-0.18
-0.83
.a
-0.06

-0.32
0.41
0.30
0.71
-0.09
-0.86
.a
-0.09

0.79
-0.65
-0.72
-0.84
-0.36
0.99**
.a
-0.32

   Ͳ 
Waterbodies
Plantations
Mines
Wetlands

-0.11
0.03
0.26
0.28
-0.15
-0.06
0.46
-0.02

0.05
-0.07
0.09
0.32
-0.20
-0.36
0.18
-0.34

-0.44
0.41
0.57
0.66
0.26
-0.31
0.59
0.07

0.03
-0.17
-0.10
-0.61
-0.15
0.87
0.10
0.60

0.77
-0.89
-0.69
-0.82
-0.96*
0.51
-0.31
-0.26

-0.03
-0.11
0.18
0.09
-0.30
0.16
0.46
0.07

-0.68
0.72
0.75
0.93
0.64
-0.56
0.58
0.11

-0.05
0.14
0.16
0.57
0.07
-0.72
0.05
-0.50

-0.45
0.23
0.53
0.05
0.05
0.67
0.86
0.76

Natural
Cultivated
Degraded

-0.76
0.66
0.85

   Ͳ 
Waterbodies
Plantations
Mines
Wetlands

0.99*
0.83
-0.17
.a
-0.08

0.03
-0.08
0.06
0.42
0.05
-0.22
.a
-0.29

-0.26
0.03
0.32
0.61
0.32
-0.05
.a
-0.09

-0.51
-0.04
0.35
-0.06
0.40
0.75
.a
0.83

0.09
0.41
0.10
0.49
0.05
-0.77
.a
-0.79

0.31
-0.65
-0.33
-0.08
-0.31
0.20
.a
0.07

-0.59
0.45
0.68
0.90
0.67
-0.16
.a
-0.12

-0.13
0.36
0.28
0.65
0.25
-0.53
.a
-0.54

0.53
0.23
-0.45
-0.48
-0.49
-0.61
.a
-0.59

Natural
Cultivated
Degraded

-0.36
0.27
0.08
0.48
0.10
-0.26
0.35
0.08

0.80
-0.21

-0.65

0.67
-0.12
-0.79
-0.44
-0.26
-0.52
-0.76
-0.80

-0.30
-0.38
0.91
-0.14
-0.05

0.95*
-0.53
-0.84
-0.76
-0.72
-0.48

-0.25
0.40
-0.23
0.51
0.13
-0.58
0.19
-0.24

0.93
-0.48
-0.85
-0.72
-0.67
-0.51

-0.27
-0.42
0.84
-0.11
-0.16
0.86
0.42
0.89

   Ͳ 
Waterbodies
Plantations
Mines
Wetlands
C2/S2

C3/S3

C6/S4

Natural
Cultivated
Degraded

   Ͳ 
Waterbodies
Plantations
Mines
Wetlands

-0.97*
-0.48
-0.48
-0.75
-0.89
-0.95*

0.97*
-0.06
0.85
0.91
-0.40
0.52
-0.16

27

0.96*
.a
-0.04

0.98**
0.45
0.94

-0.98*
-0.79

-0.97*
-0.82

Table 6 Correlation analysis between LULC and water quality variables, N=4
Sub-catchment/
Sampling site

C7/S5

C8/S6

C10/S7

C11/S8

LU Class

E.coli

EC

NH3

NO3-N

TSS

SRP

Temp

TP

Turb

Natural
Cultivated
Degraded
Urban/built-up
Waterbodies
Plantations
Mines
Wetlands

0.85
0.47
-0.90
-0.79
-0.82
-0.49
.a
-0.70

-0.64
0.45
0.61
0.81
0.78
-0.71
.a
-0.31

-0.85
0.20
0.84
0.96*
0.95*
-0.41
.a
0.00

-0.13
0.22
-0.29
-0.28
-0.22
0.47
.a
0.75

0.16
0.69
-0.63
-0.48
-0.44
-0.09
.a
0.22

-0.12
-0.62
0.60
0.46
0.42
-0.01
.a
-0.32

0.93
0.13
-0.76
-0.73
-0.77
-0.39
.a
-0.81

-0.29
-0.38
0.69
0.64
0.59
-0.24
.a
-0.38

0.07
0.43
-0.53
-0.46
-0.40
0.24
.a
0.51

Natural
Cultivated
Degraded
Urban/built-up
Waterbodies
Plantations
Mines
Wetlands

-0.98*
0.80
0.71

-0.93
0.67
0.55

-0.98*
0.79
0.69

-0.99*
0.81
0.71

-0.98*
0.79
0.70

-0.99*
0.82
0.72

0.95*
0.77
0.23
.a

0.99*
0.62
0.03
.a

0.96*
0.75
0.21
.a

0.95*
0.77
0.24
.a

0.42
-0.78
-0.86
0.06
-0.82

0.95*
0.76
0.22
.a

0.94*
0.78
0.25
.a

Natural
Cultivated
Degraded
Urban/built-up
Waterbodies
Plantations
Mines
Wetlands
Natural
Cultivated
Degraded
Urban/built-up
Waterbodies
Plantations
Mines
Wetlands

-1.00*
.a

-0.43
0.39
0.44
0.54
0.13
0.49
.a
0.31
-0.29
0.57
0.06
-0.08
0.70
-0.54
.a
0.93

-0.66
0.34
0.80
0.93
0.07
0.99*
.a
-0.66

0.85
-1.00
-0.99*
-0.50

.a

-0.99*
-0.82
.a

-0.07
0.09
0.10
0.00
0.31
-0.24
.a
0.24
-0.83
0.61
0.94
0.92
0.41
0.84
.a
-0.41

-0.84
0.94
0.70
0.58
0.90
0.10
.a
0.58

0.59
-0.25
-0.75
-0.87
0.01
-0.99*
.a
0.74

-0.42
0.63
0.20
0.12
0.69
-0.35
.a
0.82

a. Cannot be computed because at least one of the variables is constant.
Bold*: Correlation is significant at the 0.05 level (2-tailed).
Bold**: Correlation is significant at the 0.01 level (2-tailed).
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0.68
-0.80
-0.64
-0.37
-0.84
-0.05
.a
-0.36

-0.95*
0.78
0.99**
0.96*
0.59
0.77
.a
-0.19

0.06
0.26
-0.29
-0.42
0.46
-0.79
.a
0.95*

4. CONCLUSION AND RECOMMENDATIONS
4.1

Conclusion

The main objective of this study was to assess spatial and temporal effects of land use and
land cover changes on bio-physical chemical water quality parameters, in the rapidly
developing uMngeni Catchment. From the data of this study, it is evident that land use and
land cover have changed greatly across the uMngeni Catchment through clearing of natural
vegetation and increase in urban/built-up and cultivated areas since 1994. In 2011, the natural
vegetation, cultivations and forest plantations are the major land use types upstream of the
Albert Falls Dam, occupying approximately 85% of the catchment area. From 1994 to 2011,
the natural vegetation has declined by 17%, coinciding with expansion of urban/built-up,
plantations, cultivations and other land uses. The most disturbed sub-catchments are located
in the environs of the Midmar Dam with a high density of urbanisation.
We found divergent trends in water quality parameters from 1994 to 2011, owing to
increased population, expansion of informal resettlements and conversion of natural
vegetation to other land uses. Results strongly showed higher concentration of nutrients in
Mthinzima Stream, crossing Mpophomeni Township. Water quality improves from the Lions
River weir to the uMngeni River inflow of the Midmar Dam, owing to interactions between
river channels and wetlands. At the uMngeni River outflow of the Midmar Dam to Howick,
water quality is of good quality, nutrients are assimilated and from Howick to Morton Drift,
increase in nutrients is ascribed to the Howick Wastewater Treatment Works, as well as
runoff coming from formal and informal resettlements of upper Howick and Hilton urban
areas.
Water quality has deteriorated over time and an increase in nutrients to water bodies was
noted although concentrations fluctuated with time. The seasonality of water quality
parameters varies among water sampling sites; upstream of the Midmar Dam, greater
concentrations of E. coli and nutrients were noted in rainy season while downstream, the
seasonality does not have significant effects on levels of nutrients and E. coli. At catchment
level, water quality is improves from upstream of the Midmar to downstream, due to the
major role played by the Midmar Dam which retains over 95% of E. coli and over 20%
percentage of TSS, turbidity and nutrients (TP, SRP and nitrate). From Howick to Morton
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Drift, water quality deterioration is ascribed to runoff from Howick informal and formal
resettlements and urban area of Hilton.
Relationships between LULC changes and water quality parameters are complex; site
specific and correlation coefficients vary among sub-catchments. However, significant
correlations between increase of urban/built-up and cultivated land uses are associated with
higher concentrations of E. coli, EC, NH3, NO3, SRP and TP (p< 0.05). These findings are in
conformity with other research studies carried in USA (Maimaitijiang et al., 2015), China (Li
et al., 2012; Wan et al., 2014), Zimbabwe (Kibena et al., 2014) and in South Africa (du
Plessis et al., 2014).

4.2 Recommendations
This study has several limitations related to lack of uniformity in land cover classification in
South Africa. All four LULC information used have different number of land use classes
which hindered the reclassification. There is therefore a need for harmonization of land use
classification in uMngeni Catchment and in South Africa in general. Inconsistent in water
quality monitoring frequency and water quality parameters resulted in the exclusion of many
water parameters which were not analysed at each sampling site from the analysis. In order to
obtain better information on the linkages between land use types and water quality
parameters, a water sampling point per each sub-catchment is required and more monitoring
so that smaller sub-catchment information is available could provide useful information in
this regard. The Mthinzima Stream sub-catchment, with high concentration of nutrients and
E. coli, despite it draining less than 3% of the catchment area, indicates that sewerage inflow
is a major problem and that repair of infrastructure in the must be a priority. The
establishment of continuous long-term campaigns for raising the awareness of the local
population on waste and water resource management is suggested. Water quality results
presented here are from grab samples which give a snapshot of water concentration.
Automatic samplers which can monitor continuously and capture all high flow events are
recommended where gauging weirs exist. An investigation on hydrological and
biogeochemical processes guiding nutrient and E. coli transformation, removal and transport
in uMngeni River system and impoundments is recommended. To achieve a long-term river
water quality management, it is pertinent to identify external sources of nutrient loads in the
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catchment such as runoff, groundwater, atmospheric deposition and point sources of
pollution.
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ANNEX 1: Distribution of land use and land cover changes upstream of Albert Falls Dam
(1994-2011)
Subcatchment

C1

C2

C3

C4

C5

C6

C7

Area
(km2)

318.8

361.8

65.0

54.3

24.1

17.5

73.2

Year

Natural

Cultivated

Degraded

Urban

Water

Plantations

Mine

Wetland

1994

70.6

8.3

0.0

0.0

1.4

18.7

0.0

1.0

2000

63.2

7.9

3.9

0.1

1.4

18.1

0.0

5.4

2008

63.8

10.6

2.8

1.7

1.4

17.3

0.0

2.5

2011

59.6

13.2

3.0

1.9

1.7

17.6

0.0

3.0

% change

-11.0

4.9

3.0

1.9

0.3

-1.1

0.0

2.0

1994

65.6

16.0

0.0

0.1

1.4

17.0

0.0

0.0

2000

51.4

20.8

2.1

0.4

1.6

20.2

0.0

3.6

2008

49.3

23.2

2.7

4.7

1.7

16.8

0.0

1.6

2011

42.7

27.7

3.1

5.3

2.1

16.6

0.0

2.5

% change

-22.9

11.7

3.1

5.2

0.7

-0.4

0.0

2.5

1994

51.8

34.8

0.0

0.0

0.5

12.9

0.0

0.0

2000

40.3

30.1

0.8

0.0

0.8

18.5

0.0

9.4

2008

35.9

35.1

1.8

6.8

1.1

15.3

0.0

4.0

2011

27.9

41.2

2.8

7.0

1.4

15.0

0.0

4.8

% change

-23.8

6.4

2.8

7.0

0.9

2.1

0.0

4.8

1994

52.5

7.3

0.0

0.0

0.0

40.1

0.0

0.0

2000

44.5

8.3

0.8

0.0

0.2

44.0

0.0

2.1

2008

54.7

10.7

2.8

0.9

0.2

30.3

0.0

0.3

2011

42.7

11.8

2.8

0.9

0.3

40.5

0.0

1.0

% change

-9.8

4.5

2.8

0.9

0.3

0.4

0.0

1.0

1994

75.5

3.2

0.0

0.8

0.1

20.4

0.0

0.0

2000

44.9

3.1

1.2

9.1

0.2

39.0

0.7

1.8

2008

41.9

4.5

2.9

13.4

0.2

34.5

0.7

1.9

2011

38.8

5.7

4.0

14.3

0.4

34.0

0.7

2.2

% change

-36.7

2.4

4.0

13.5

0.3

13.5

0.7

2.2

1994

83.8

1.9

0.0

14.3

0.0

0.0

0.0

0.0

2000

55.3

2.8

9.3

22.0

0.1

2.0

0.2

8.3

2008

51.4

6.7

4.8

32.5

0.1

0.2

0.2

4.1

2011

47.7

9.9

4.0

34.9

0.2

0.2

0.2

2.9

% change

-36.1

8.0

4.0

20.6

0.2

0.2

0.2

2.9

1994

54.2

22.9

0.0

0.5

20.8

1.5

0.0

0.0

2000

48.0

18.6

1.4

1.8

22.6

4.9

0.0

2.7

2008

45.6

19.3

2.6

4.4

25.3

2.3

0.0

0.5

2011

39.8

23.3

2.3

4.7

25.9

2.0

0.0

2.0

% change

-14.4

0.3

2.3

4.2

5.1

0.5

0.0

2.0

37

ANNEX 2 Distribution of land use and land cover changes upstream of the Albert Falls Dam
(1994-2011)
Subcatchment

C8

C9

C10

C11

C12

Area
(km2)

21.5

81.5

333.4

97.6

185.9

Year

Natural

Cultivated

Degraded

Urban

Water

Plantation

Mine

Wetland

1994

51.3

0.0

0.0

30.4

0.3

18.0

0.0

0.0

2000

45.4

3.3

2.5

25.2

0.7

22.8

0.0

0.0

2008

30.4

3.4

2.7

41.4

0.7

21.1

0.0

0.3

2011

24.9

5.3

3.3

43.0

0.9

21.3

0.0

1.4

% change

-26.4

5.3

3.3

12.6

0.6

3.2

0.0

1.4

1994

40.6

17.2

0.0

6.5

0.6

35.1

0.0

0.0

2000

47.8

7.5

1.0

7.3

1.0

34.5

0.0

0.9

2008

31.1

13.5

2.2

19.3

1.0

32.4

0.0

0.4

2011

26.2

16.4

1.8

20.7

1.2

32.4

0.0

1.4

% change

-14.4

-0.8

1.8

14.2

0.6

-2.7

0.0

1.4

1994

57.1

8.4

0.0

0.1

0.3

34.0

0.0

0.0

2000

51.0

11.8

0.5

0.0

0.7

35.7

0.0

0.3

2008

42.8

14.2

2.3

2.2

0.8

36.0

0.0

1.6

2011

39.7

15.5

3.0

2.5

1.0

35.6

0.0

2.6

% change

-17.4

7.1

3.0

2.4

0.7

1.6

0.0

2.6

1994

61.4

4.4

0.0

2.0

0.6

31.6

0.0

0.0

2000

53.4

11.4

1.0

1.6

1.2

30.2

0.0

1.2

2008

44.2

12.5

3.9

5.5

1.1

32.6

0.0

0.1

2011

43.2

13.6

3.4

5.7

1.2

32.2

0.0

0.6

% change

-18.2

9.2

3.4

3.7

0.6

0.6

0.0

0.6

1994

37.0

2.7

0.0

0.0

10.5

49.9

0.0

0.0

2000

38.2

9.5

0.4

0.0

12.9

38.9

0.0

0.2

2008

23.5

9.4

2.4

3.0

12.7

48.7

0.0

0.2

2011

29.0

3.9

2.1

3.3

12.7

48.7

0.0

0.3

% change

-8.0

1.3

2.1

3.3

2.2

-1.2

0.0

0.3
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0,0  !&"%!&'##$-' !!
In parallel to the above investigation of the water quality status and the role of LULC in influencing it, the
ACRU Hydrological Modelling system has been configured and applied for the entire uMngeni catchment.
The intention of this exercise is to guide investments in ecological infrastructure i.e. what to do and where.
Water quality modelling will take place later in the project. However, estimates of sediment production and
the LULC classes, which produce them, are shown in Figure 4. Sediment loads can have a strong
relationship to nutrients entering rivers and streams and this provides a starting point for the more detailed
modelling to follow.

Figure 4 Sediment production from different LULC classes in the upper-uMngeni catchment

0,1 "'&"!"%& &%&"  $ 
There is increasing concern over the quality of water flowing into Midmar Dam, upper uMngeni Catchment,
KwaZulu-Natal Province, given it’s status as a critical water supply impoundment for the cities of
Pietermaritzburg and Durban. The aim of this study was to estimate nutrient loads entering the Midmar Dam
from three major tributaries, viz. the Lions River, the UMngeni River and the Mthimzima Stream. The Lions
and uMngeni River catchments drain predominantly commercial agricultural areas whilst the Mthimzima
stream drains the rapidly developing township of Mpophomeni. Measured daily streamflow and weekly,
fortnightly and monthly nutrient concentrations were obtained from the local water service authority i.e.
Umgeni Water, where available. Given that no streamflow are available for Mthimzima, the daily time-step
ACRU model was used to simulate streamflow. Soluble reactive phosphorus (SRP), total phosphorus (TP),
ammonia (NH3) and nitrate (NO3 ) data were used to calculate nutrient loads as a product of mean monthly
flow and mean monthly pollutants concentration to provide a monthly load, From the year 2000 – 2013, only
one concentration value in a month was available to calculate the load. Monthly loads were estimated from
the beginning of the hydrologic year (October to September) and accumulated to give annual loads. Loads
for all nutrients were found to be highest in 1995 for all streams. Nitrogen loads were found to be generally
higher than for phosphorus. The results showed an increase in nitrogen and phosphorus loads over the
8

years, which ranged from 0.096 to more than 9.0 tons/a of phosphorus and from as low as 0.40 to over 90
tons/a dissolved inorganic nitrogen (DIN). The study concluded that this represents an increase in nutrient
loads and deterioration of water quality entering Midmar over time and that these are most likely a
consequence of direct sewage entering the Mthimzima and the expansion of agricultural activities upstream
in the Lions and uMngeni catchments.
Paper 2 NUTRIENT LOAD DETERMINATION TO THE MIDMAR DAM, KWAZULU-NATAL, SOUTH
AFRICA: 1987-2013
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ABSTRACT
There is increasing concern over the quality of water flowing into Midmar Dam, upper uMngeni
Catchment, KwaZulu-Natal Province, given it’s status as a critical water supply impoundment
for the cities of Pietermaritzburg and

Durban.

The aim of this study was to estimate nutrient loads

entering the Midmar Dam from three major tributaries, viz. the Lions River, the UMngeni River
and the Mthinzima Stream. The Lions and uMngeni River catchments drain predominantly
commercial agricultural areas whilst the Mthinzima stream drains the rapidly developing
township of Mpophomeni. Measured daily streamflow and weekly, fortnightly and monthly
nutrient concentrations were obtained from the local water service authority i.e. Umgeni Water,
where avilable. Given that no streamflow are available for Mthinzima, the daily time-step ACRU
model was used to simulate streamflow. Soluble reactive phosphorus (SRP), total phosphorus
(TP), ammonia (NH3) and nitrate (NO3-) data were used to calculate nutrient loads as a product
of mean monthly flow and mean monthly pollutants concentration to provide a monthly load,.
From the year 2000 – 2013, only one concentration value in a month was available to calculate
the load. Monthly loads were estimated from the beginning of the hydrologic year (October to
September) and accumulated to give annual loads. Loads for all nutrients were found to be
highest in 1995 for all streams. Nitrogen loads were found to be generally higher than for
phosphorus. The results showed an increase in nitrogen and phosphorus loads over the years,
which ranged from 0.096 to more than 9.0 tons/a of phosphorus and from as low as 0.40 to over
90 tons/a dissolved inorganic nitrogen (DIN). The study concluded that this represents an
increase in nutrient loads and deterioration of water quality entering Midmar over time and that
these are most likely a consequence of direct sewage entering the Mthinzima and the expansion
of agricultural activities upstream in the Lions and uMngeni catchments.
KEY WORDS: Nutrient loading, uMngeni Catchment, Midmar Dam, Nutrients, Water Quality
Deterioration.

1.

INTRODUCTION

The quality of water flowing into Midmar Dam in the upper uMngeni Catchment, located in the
KwaZulu-Natal Province, South Africa (Figure 1.1), is an ongoing concern (van Der Zel, 1975;
Hemmens et al., 1977; Breen, 1983; Kienzle et al., 1997; Gemmel and Schmidt, 2012). This part
of the catchment is important for fresh water supply to the economically important cities of
Pietermaritzburg and Durban, (Warburton et al., 2012). Increasing pollution in the upper
catchments supplying the dam has been attributed to sewage effluent, expanding agricultural
lands and household waste. The main concerns surrounding pollution of the Midmar dam involve
reduced water clarity, excessive algal blooms, unpleasant odour and high microbial activity
(Breen et al., 1983), potentially leading to eutrophication and associated health risks and
increased purification costs. The estimation of nutrient loads entering the dam provides
important information for the local water utility, providing a crucial component for
understanding constituent loading from the tributaries (Salles et al., 2008) It is also an important
aspect for catchment management (Moatar and Meybeck, 2005); eutrophication modelling,
model calibration and validation and river pollution control efforts (Li et al., 2003), improving
insights into hydrochemical processes, inland water management and environmental
investigations (Littlewood, 1992). However, pollutant load estimation requires careful
computation of both streamflow and pollutant concentrations (Meals et al., 2013).

Nutrient load is generally computed from the product of pollutants or nutrients concentration
measurements and streamflow at the river outlet (Salles et al., 2008; Tao et al., 2010; Norton and
Kelly, 2010; Meals et al., 2013). It can be presented as a mass of pollutants over time, for
example: kg/annum, tons/annum or kg/day (Hemmens et al., 1977; Tao et al., 2010; Li et al.,
2013). The computation of nutrient loads in a catchment should theoretically be a relatively easy
process, since it is the product of two easily measured variables (Tao et al., 2010). However, the
episodic nature of both streamflow and contaminant concentrations and associated shortcomings
of fixed time-step sampling regimes mean that the ideal of continuous data is rarely available.
The reality is that the data needed are often not available for a variety reasons, including limited
or dysfunctional monitoring networks and high costs associated with sampling for pollutants and
laboratory analysis (Dolan et al., 1981; Quilbe at al., 2006; Tao et al., 2010). South Africa is
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currently facing a decline in rainfall, streamflow and nutrient concentration monitoring on many
of the country’s catchments (Hughes, 2008; Pitman 2011). Hence, nutrient load determination
can be a difficult task and reliance on the limited data available inevitably introduces uncertainty
to any analysis (Johnes, 2007).

Studies by Moatar and Meybeck (2005) and Quilbe et al. (2006) have reviewed and assessed
different methods and their accuracies for nutrient load estimation. Nutrient load estimation
methods can be classified into rating curve or regression, planning level and averaging estimator
methods. All these methods are heavily dependent on the extent and quality of data available to
provide reliable results (Li et al., 2003). Regression methods are applied to define an empirical
relationship between concentration and streamflow and require extensive calibration on a
number of catchments (Meals et al., 2013). Planning level methods do not require site-specific
data for both streamflow and concentration, rather making use of estimated cumulative
streamflow and a single concentration value. The method has a high level of uncertainty and is
most commonly used for ungauged catchments (Quilbe et al., 2006). Averaging estimation
methods can be applied simply by attaining the product of average streamflow and
concentrations (Moatar and Meybeck, 2005; Quilbe et al., 2006). Both streamflow and
concentration data ranging from hourly to monthly time steps can be used (Moatar and Meybeck,
2005).

Similar studies indicate that the accuracy and the selection of an appropriate method to estimate
a load, is dependent on several factors namely, the frequency and sampling distribution,
variations of pollutants with flow, seasonality, catchment area, sampling strategy of flood flows
and human activities, such as fertilization and land use in a catchment. Li et al. (2003) found that
flow is the most important factor influencing nutrient load determination, since similar results
can be obtained if similar flow data is used in different methods. This suggests that if flow data
are frequent and reliable, good and representative results can be found, irrespective of the
method used.

Two main nutrients related with eutrophication are phosphorus and nitrogen (Bourne et al.,
2002)Hence, the aim of this study is to determine nutrient loads entering the Midmar Dam from
2

its three main tributaries, for the period of 1988 to 2013. The averaging estimation method is
applied, since none of the other aforementioned methods could be used with the available data.

2.
2.1

METHODOLOGY

Study Area

The study area is the area of upper uMngeni Catchment in KwaZulu-Natal, South Africa which
flows into Midmar Dam. It includes several tributaries, but of these, three, namely the uMngeni
River, Mthinzima Stream and Lions River are considered most important for nutrient load
estimation and form the focus of this study (Figure 1.2). The main tributary is uMngeni River,
which subsequently feeds three other water supply dams downstream before it enters the Indian
Ocean (Figure 1.1). Midmar Dam is the main bulk water supply system for the two large cities of
Pietermaritzburg and Durban (Figure 1.1). Lions River, Mthinzima and Midmar Catchments
drain areas of 362.01, 18.50 and 269.16 km2, respectively. The catchment has a mean annual
precipitation (MAP) of approximately 700 mm.p.a. (Warburton et al., 2012) with a mean annual
runoff ranging between 200-500 mm.p.a. (Midgley et al., 1994). The average minimum and
maximum temperature for the catchment ranges from 19 to 25 oC, respectively.

The Lions River catchment is largely dominated by forestry and agriculture, including crop
cultivation, poultry and dairy farming (WRC, 2002; Warburton et al., 2012). The main land uses
in the Midmar Catchment along the uMngeni River are livestock and crop farming. The southwestern part of the dam, where Mthinzima Stream flows through before entering the dam, is a
nature reserve. The northern and the eastern parts of the Mthinzima Catchment are dominated by
natural vegetation. However, the Mpophomeni Settlement, which is rapidly expanding and
discharging raw sewage directly to Mthinzima Stream is a major portion of the catchment
(Deventer, 2012). The settlement is approximately 4 km upstream of the dam and it is a
significant contributor of phosphorus and nitrogen entering the dam. Below Mopohomeni, there
is a a wetland which is used for cattle grazing on a daily basis. A previous study conducted by
Hemmens et al (1977) did not consider nutrient loads generated from the activities resulting from
3

an expanding human population, rather focusing on the loads generated from agricultural inputs.
Hence, this study is important in that it provides an update of the Hemens study (1977) and also
provides an insight to the nutrient inputs from agriculture and the expanding human population
in the upper-uMngeni Land use and land cover has changed in the catchment over time (Table 1
and 2). Natural land cover has been degraded, converted to cultivated land, subjected to more
afforestation and more urbanized. The change is higher for the Lions River catchment compared
to the uMngeni River Catchment. These changes are the cause of increased nutrients on the
Midmar Dam’s tributaries. For example, degraded land may increase sediments carrying
phosphorus into these rivers.

Figure 1.1

Bulk water supply systems for the large cities of Pietermaritzburg and Durban in
KwaZulu-Natal.
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Figure 1.2

Location of the upper uMngeni Catchment, showing Midmar Dam tributaries,
weirs, and sampling points.
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Table 1

Land use in the uMngeni and Lions River Catchments above Midmar Dam (After
Hemens et al., 1977).
Land Use
Underdeveloped hillside grassland
Dryland arable and grassland
Irrigated arable
Commercial forest plantation
Natural forest
Vleis and marshes
small impoundments
Small population centers

Table 2

% Of the Catchment
56.4
19.2
3.9
14.3
2.5
2.7
0.8
0.2

Land use (LU) changes in the Lions and uMngeni River Catchments from 1994 to
2011 (after Namugize et al., 2015).

1994
Area
in
Area
km2
in %

2000
Area
in
Area
km2
in %

2008
Area
in
Area
km2
in %

Natural
Cultivated
Degraded
Urban/builtup
Waterbodies
Plantations
Mines
Total

199.23
84.62
1.42

55.0
23.4
0.4

200.15
75.59
7.40

55.3
20.9
2.0

186.11
83.49
9.48

51.4
23.1
2.6

10.37
10.96
55.26
0.06
362

2.9
3.0
15.3
0.02

1.43
5.56
71.88

0.4
1.5
19.9
0.00

17.39
6.06
59.35
0.08
362

4.8
1.7
16.4
0.02

Natural
Cultivated
Degraded
Urban/builtup
Waterbodies
Plantations
Mines
Total

140.01
55.81
1.34

52.0
20.7
0.5

137.80
42.81
4.69

51.2
15.9
1.7

129.02
49.84
6.95

47.9
18.5
2.6

13.11
22.73
36.15
0.00
269

4.9
8.4
13.4
0.0

7.54
17.71
58.51
0.10
269

2.8
6.6
21.7
0.0

18.41
19.93
44.80
0.20
269

6.8
7.4
16.6
0.1

LU class

Lions

Midmar

362
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2011
Area
in
Area
km2
in %
165.2
7
45.7
99.72
27.5
11.11
3.1
19.70
7.56
58.58
0.07
362
110.5
8
60.72
7.52
19.48
20.79
49.83
0.20
269

%
change
19942011
-9.4
4.2
2.7

5.4
2.1
16.2
0.02

2.6
-0.9
0.9
0.0

41.1
22.6
2.8

-10.9
1.8
2.3

7.2
7.7
18.5
0.1

2.4
-0.7
5.1
0.1

2.2

Data Acquisition

This study was conducted using streamflow and water quality data for key nutrients i.e.
phosporous and nitrates obtained from Umgeni Water and the Deprtament of Water and
Sanitation as detailed below.

2.2.1

Streamflow data

The daily streamflow data for the Midmar and Lions River Catchments were requested and
obtained from the Department of Water and Sanitation (DWS), collected at the time as
Department of Water Affairs and Forestry (DWAF). These data were available from the period
of January 1988 to December 2014. However, for the Mthinzima Catchment, there were only
data for a period of four years, i.e. 1988 to 1992. The problems continued when the dam wall
was raised by 3.5 m in 2003 when the weir was submerged and stopped recording streamflow.
Thus, the ACRU daily time – step model (Schulze, 1995; Warburton et al., 2010l; Warburton et
al., 2012) was used to simulate daily streamflow for the 1988 to 2013.

2.2.2

Water quality data

The parameters of concern were nitrogen and phosphorus as they cause eutrophication of surface
water bodies, such as rivers and lakes (Jarvie et al., 2005; Dodds et al., 2008). These parameters
have been identified as being of concern upstream of Midmar Dam through other several studies
(Breen, 1983; Hemmens et al., 1977; Pillay et al., 1992; van Deventer, 2012). They were
obtained from the local water service provider, Umgeni Water (UW), in the form of nitrate
(NO3), ammonia (NH3), soluble reactive phosphorus (SRP) and total phosphorus (TP).

2.2.3

Phosphorus and nitrogen sampling frequency

Figures 1.2, 1.3 and 1.4 below show the total number of samples for different phosphorus and
nitrogen constituents. It can be observed that there has been a decline in the monitoring of these
7

parameters since 1999. From 1989 to 1999, weekly grab samples were collected for with only
occasional gaps. Since 1999, sampling decreased to monthly, but for some years ,only two, three
and occasionally zero samples were collected in a year. UW and DWAF initially conducted
water quality monitoring, on a weekly basis until 1998. A decline in water quality monitoring
after 1998 was observed (Figures 1.2, 1.3 and 1.4). This was brought about the establishment of
the National Water Act in 1998 and . These Acts created a “confusion” between UW and DWAF
as it was not clear between the two bodies as to who was responsible for water quality
monitoring and whether UW as water supply utility should be responsible for catchment or
resource monitoring. Heence, UW did not monitor these rivers until late 2006. However, from
that period until current the frequency has been decreased to once a month relative to the weekly

Sampling frequency (total/annum)

sampling that preceded this (Figures 1.2 to 1.4).

60
50
40
30
20
10
0
1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013
Time
NO3

Figure 1.2

NH3

SRP

TP

Total number of samples analyzed per year at Lions River Catchment
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Sampling frequency (total/annum)
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Figure 1.3

NH3

SRP

TP

Total number of samples analyzed per year at Midmar Catchment

Sampling frequency (total/annum)
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Figure 1.4

NO3

SRP

TP

Total number of samples analyzed per year at Mthinzima Catchment
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2.2.4

Nutrient load estimation

Nutrient load was estimated using the averaging method (Quilbe et al., 2006) and is the method
used by Hemmens et al. (1977), Breen et al. (1983) and van Deventer (2012), ensuring that
results obtained here are consistent with previous studies, despite the limited available data.
Equation (1) was applied on sampling points at the outlet of each catchment of interest:
   

(1)

Where L represents the load, Qave (m3.s-1) and Cave (mg.l-1) represent the average daily flow for
each month and monthly average chemical concentration, respectively. Loads were computed as
a product of nutrient concentrations and streamflow using average monthly concentrations (mg/l)
converted to kg/l and average daily flow (m3/day), which was converted to l/day. Monthly loads
were estimated from the beginning of the hydrologic year, which runs from October to
September the following year and these were accumulated to provide annual estimates. From
2000 to 2013, only a single monthly concentration value was available. Hence, a high level of
uncertainty in the results can be expected, depending on the amount of flow and the method used
in river load estimation (Littlewood, 1992; Johnes, 2007). If there were less than nine nutrient
concentrations records in a year, no annual load value was calculated. If there were fewer than
three missing months, loads were estimated as normal, but clearly marked to indicate underestimates for these months. Estimated loads for the uMngeni and Lions Rivers and Mthinzima
Stream were then accumulated to obtain a total annual load entering the dam.
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3.

RESULTS

The results from the three catchments are presented below. Some of these results were compiled
from incomplete, NH3, NO32-, SRP and TP data sets (i.e. three or less months had no data to
generate a load). The black bordered figures show the periods where at least nine months, but
less than 12 months of data were used to generate annual loads. Moreover, the “X” marks the
seasons where concentration data was not available, hence, there was no load computed during
those years.

3.1

Mthinzima Stream Loads

Figure 1.5

DIN loads flowing from Mthinzima Catchment to Midmar Dam.
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Figure 1.6

Phosphorus loads flowing from Mthinzima Catchment to Midmar Dam.

DIN loads in Mthinzima Stream showed an increasing trend from 1988 to 1992, from
approximately 2 tons/a to just above 10 tons/a. However, less than 1 ton/a was observed in the
period of 1992 to 1993. There was an increase in the following years that was followed by a
rapid increase in the period of 1995 – 1996. A gradual decrease was observed in the period of
1996 to 1999. From the year 2000 to 2005, there were no concentration records; hence, no load
was generated. Since then, there has been no trend observed, but there was a rapid increase in
DIN loads from the year 2010 to 2013. The loads during the aforementioned period exceeded 10
tons/a. SRP and TP followed the same pattern. The only difference was that TP was always
found to have higher loads as compared to SRP, since TP comprises of all forms of phosphorus,
including SRP. These loads showed an increase from 1988 to 1992 and a sharp decline in the
period of 1992 – 1993.
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3.2

Lions River Loads

Figure 1.7

DIN loads flowing from Lions River Catchment to Mgeni River, then
subsequently to Midmar Dam.

There was no trend observed in the Lions River Catchment for DIN loads, but during 1992 –
1993 and 1994 – 1995 nitrogen loading was very low in comparison to most other years, with
less than 5 tons/a. It was interesting to see that in 1995-1996 there is a spike in nitrogen load to
about 80 tons/a and thereafter a relatively stable annual load ranging from 30-40 tons (Figure
1.7). From 2002 – 2003 to 2005 – 2006 seasons, there were no concentration data; hence, loads
were not computed for that period.
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Figure 1.8

3.3

Phosphorus loads flowing from the Lions River catchment to Midmar Dam

uMngeni River Loads

Figure 1.9

DIN loads flowing from the Midmar Catchment, through UMngeni River to
Midmar Dam.
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ure 2 Phosphorus loads flowing from the Midmar Catchment, through UMngeni

River to Midmar Dam.

Total Load Entering Midmar Dam

DIN loads flowing into Midmar Dam for Mthinzima, Lions and uMngeni River

Figure 2.2

Phosphorus loads flowing into Midmar Dam for Mthinzima, Lions and uMngeni
River tributaries

Table 1.3

Estimated mean annual phosphorus inputs for the Midmar Dam Catchment (after
Hemmens et al., 1977)
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Table 1.3 shows phosphorus inputs from the Midmar Catchment, where only uMngeni River was
considered. These results ranged from about 3 tons/a to approximately 10 tons/a, which exceeds
some of the figures found in this study when all three tributaries are combined (Figure 2.2).
However, for many years, the contributions of this catchments combined exceeds Hemmens et
al. (1977) results. This indicates that an inclusion of other streams, which are subjected to
different land uses with different sources of nutrient inputs results in increased loading over the
years.

3.5

Catchment Nutrient Load Contribution

Figure 2.3

Percentage contributions for DIN load from uMngeni and Lions Rivers and
Mthinzima Stream.
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Figure 2.4

Percentage contributions for TP load from uMngeni and Lions Rivers and

Mthinzima Stream

Figure 2.5

Percentage contributions for SRP load from uMngeni and Lions Rivers and
Mthinzima Stream.
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Figures 2.1, 2.2 and 2.3 show relative load contributions from the Lions and uMngeni Rivers and
Mthinzima Stream for DIN, TP and SRP. The main contributor of DIN was the uMngeni River,
followed by Mthinzima Stream during the period of 1991 – 1992, 2010 – 2013 (Figure 2.1).
Lions River was found to be the llowest contributor, except for the period of 2012 – 2013, where
it contributed higher loads when compared to uMngeni River (Figure 2.1). Furthermore, Lions
River was the main contributor of TP loads for most years, but 1991 -1992, 1994 -1995 and 1998
– 1999 were an exception, where Mthinzima Stream was the main contributor (Figure 2.2).
During the period of 2000 – 2002, Mthinzima Stream had no concentration data, hence, the load
could not be generated (Figure 2.2).. Even though the uMngeni River contributed the lowest TP
load for a number of years, but it contributed high loads during 2000 – 2001 and 2008 – 2009
(Figure 2.2). During 1988 – 1999, Mthinzima is the only contributor for all nutrients, since it was
the only stream with data on this season (Figure 2.1, 2.2 and 2.3).

4.

DISCUSSION

Nutrient load estimates transported to Midmar Dam reported in this study show an increase
relative to other studies which have been conducted in the catchment (Breen, 1983; Hemmens et
al., 1977; van Deventer, 2012). Phosphorus loads estimated by Hemmens et al. (1977) ranged
from approximately 3 to 7 tons/annum, which is lower than the results found in this study
(Figure 2.2). These results imply that the amount of nitrogen and phosphorus has increased over
the years.

DIN and TP varied considerably between streams in the upper uMngeni Catchment (Figures 1.5
to Figure 2). Dissolved inorganic nitrogen loads ranged from 0.40 tons/a in the Mthinzima
Stream in the period of 1992 – 1993, to a high of 92.07 tons/a in the uMngeni River (Figures 1.4
and 1.8). Total phosphorus loads ranged from a low 0.096 tons/a in the period of 2006 – 2007 in
Mthinzima Stream, to a high of 9.39 tons/a. All streams consistently had higher loads for the
period of 1995 – 1996, for SRP, DIN and SRP. These peaks could strongly be attributed to high
flows, which occurred during the 1995flood event. Differences like these could be heavily
19

linked to different sources of phosphorus and nitrogen. It also depends on the amount that could
be released and get into the streams from those sources.

Mthinzima Stream is the smallest stream in this study and contributes less than 5 % of the flow
into the dam. It is however, interesting to see that during the period of 2010 – 2011, DIN loads
from the uMngeni River were less than half of that contributed by this small stream. This could
be as a result of raw sewage flowing into the stream. Several studies and reports have highlighted
this problem. For example, Taylor and Taylor (2014) report that raw sewerage has constantly
flowed into the stream for more than three years due to poor engineering in the Mpophomeni
Settlement (Taylor and Taylor, 2014). Moreover, this could be exacerbated by inputs from cattle
dung and urine, since this area has an intensive cattle grazing happening on a daily basis... In
1999, the waste water treatment plant (WWTP) was shut down in Mpophomeni and remains
closed. However, available data was not enough to make conclusive statements in terms of the
effect that was brought by the latter in the Mthinzima Stream. Before 1998, there was a
functioning wetland, which was about a kilometre away from the settlement. It was then drained
into the stream by a local farmer, therefore loads for both nitrogen and phosphorus went up
(Figures 1.5 and 1.6), which might have been strongly because of reduced nutrient retention by
the wetland.

It should be understood and recognized that the additional nitrogen and phosphorus loads to
rivers and dams are derived from activities upstream. The transportation of these nutrients from
the land into watercourses is heavily dependent on the rainfall duration, frequency and intensity
in the catchment (Rast et al., 1983). Phosphorus and nitrogen may be low during dry periods of
the season due to their retention from small farm ponds when they are partially filled. Filling up
of farm dams highly depends on the amount of rainfall received in an area. Hence, less rainfall
may result in lower nutrients entering streams. Similarly high streamflow may result in high
loads if concentrations for those months are high.

Furthermore, loads computed in this study, from the Lions and uMngeni Catchments may be
under or overestimated, since the Lions and uMngeni River weirs are more than 5 km away from
the dam. The overestimation may be as a result of the natural dilution effect that the river
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possesses as the pollutants move downstream and could also be as a result of in-stream
processes, which were not accounted for. On the other hand, the underestimation may be a result
of additional nutrient inputs downstream were not accounted for.

It is also interesting to note that concentration results, which used in this study were obtained
from grab sampling approach, which is a relatively inefficient method for capturing nutrient
concentrations on rivers subjected to variable loads (Facchi et al., 2007). This hides the variation
and the inputs that take place at night and during the day, since the sampling campaigns take
place in the morning. Rainfall of high intensity generally occurs in the afternoon, hence any
flushing effects are often hidden (Terry, 2015). Furthermore, single monthly grab samples are
assumed to be representative of the entire month, as are the average monthly flow values derived
from the daily records available from DWS. According to Quilbe et al. (2006), averaging
methods may significantly underestimate the true loads.

The uMngeni River was found to be the main contributor of DIN loads for most years. This
could be as a result of higher streamflow in comparison to Lions River and Mthinzima Stream,
since the load is the product of flow and nutrients concentration. However, from the information
we have, nitrogen loading is the main nutrient of concern in the uMngeni River. The increased
percentage contribution of DIN in Mthinzima Stream during the period of 1994-1995 could be
strongly linked to relatively low Lions and uMngeni River load that was obtained in this period.
This could have been because of less agricultural inputs from these catchments. It may also have
been resulted from high NH3 that could have been picked up from direct inputs from raw sewage
or poor functioning of the WWTP. The latter shows that the Mpophomeni Settlement is a threat
to Midmar Dam’s water quality.
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5.

CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE
RESEARCH

In conclusion, the quality of water in the upper uMngeni Catchment is deteriorating, which is
may be putting Midmar Dam at risk of eutrophication and increased costs of water purification.

Hence, their sources and the amount of nutrients flowing to the dam need to be well understood
for proper water resource management. Detailed model development, calibration and
eutrophication modelling. However, the lack of water quality data and streamflow records at
Mthinzima Stream and the limited data since 1999 from the other rivers limit the extent to which
these results can be considered conclusive and recommendations for water resources
management can be mode. Therefore, an increased water quality monitoring frequency is needed
to increase confidence in nutrient load computation. Mthinzima Stream was found to contribute
very high levels of nutrients to the dam, even though it is the smallest catchment in terms of size
and with the lowest streamflow. The re-establishment of Mthinzima Stream weir is required to
ensure more reliable streamflow records and thus more accurate pollution load estimations.
Furthermore, It was also found that, even though Mthinzima Stream is the smallest of the three
tributaries, but it contributed the highest loads in some years, especially for nitrogen.

6.
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All broad level indicators available indicate that the quality of the water in the Karkloof River is of good
quality. However, monitoring by uMngeni Water has been reduced to a single site just upstream of Albert
Falls. Furthermore, access to this sites has been limited meaning that very few samples are available. Initial
results of monitoring at 6 sites undertaken by UKZN confirm that water quality in the Karkloof River is of good
quality. However, elevated nutrient levels are present at one site in the Kusane River, possibly linked to
effluent from a piggery in the area as illustrated in
Table 2 Nitrate values for monitoring sites on the Karkloof River (xref Figure 2 for sampling site locations)

0,3 *!%#$'&&$'&*
The Baynespruit River, in the province of KwaZulu-Natal, has come under the spotlight due to numerous
reports of water quality issues, which may impact on human health. It is important to consider the structure of
the Baynespruit catchment, as different portions consist of various developments, which may contribute to a
variety of water quality issues. The upper catchment of the Baynespruit consists of high-density formal
residential development, the middle reaches comprise of numerous effluent-regulated industries and located
downstream are high-density formal residential areas (Ramburran, 2014). The water quality of the
Baynespruit has been compromised by the illegal discharges of industrial effluent, illegal dumping and
littering by people who reside along the stream banks (Ramburran, 2014; Neysmith and Dent, 2010). This
pollution is exacerbated by poor storm water and sanitation infrastructure due to pipe misalignments, root
intrusions, silt deposits and the inappropriate disposal of litter and refuse through the sewer network
(Ramburran, 2014). Escherichia coli (commonly referred to as E. coli) is a popular parameter measured in
the Baynespruit River and consistently high levels are indicated i.e. 141400 E.coli/100 ml in January 2012,
more than 1000 times the recommended levels (Ramburran, 2014; Neysmith and Dent, 2010).
The Baynespruit has therefore been described as one of the most polluted streams in South Africa. The
Sobantu community, located in the area downstream of the Baynespruit, previously utilised the stream for
irrigation, fishing and swimming purposes (Neysmith and Dent, 2010). However, the current condition of the
water seems unusable for such purposes and possibly poses health risks to the community (Gemmell and
Schmidt, 2011). Nevertheless, the community is still using river water for irrigation, due to the lack of other
alternatives. Thus, water quality monitoring, as well as the maintenance and conservation of the Baynespruit
River is essential, not only for legal compliance but especially for the health and food security of the Sobantu
community (Luyt et al., 2012; Gemmell and Schmidt, 2011).
An MSc level study has bee initiated to gain further insight into the pollution existing in the Baynespruit River.
Unfortunately, no student was available for this aspect in 2014, hence the project is at an early stage. In
addition, a better understanding of the present impact of the river on the soil and crops in the Sobantu
community will most likely be acquired and lastly, a possible link between the water quality of the river and
the health of the Sobantu community may be established. Firstly, a comprehensive literature review has
been produced, which investigates the effects of natural and anthropogenic processes on water quality, the
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link between water quality and crop irrigation, as well as the link between wastewater for crop irrigation and
human health.
Secondly, a water quality assessment of a portion of the Baynespruit River will be conducted, using
techniques as prescribed by Umgeni Water. Thereafter, the relationship between the consumption of crops,
irrigated with polluted water from the Baynespruit River, and the health of the Sobantu community will be
assessed. Lastly, a workshop will be conducted to determine how the Sobantu community are currently
linked, or exposed, to the water of the Baynespruit River and thus the health status of the community can be
linked to this resource and its pollution.

0,4 &+!!"$ #$"(& !&&$'&*
Whilst an understanding of the biophysical template and drivers of water quality in the catchment is
imperative, it is equally important that the society in the catchment is aware and engaged in water quality
related issues in the catchment. In this regard, a citizen science approach, i.e. “partnerships between
scientists and non-scientists where data are collected, shared and analysed”, to encourage community
involvement is being applied. The focus of this aspect of the study is on the Mpophomeni Sanitation
Education Project (MSEP) and miniSASS outreach programs. Participant observation and key informant
interviews have been conducted and are being analysed to assess the extent and benefits of participation in
the MSEP. In addition miniSASS surveys have been conducted at all UKZN monitoring sites (Figure 5) at the
same time that water quality grab samples were taken. Mini-SASS and results for some parameters are
shown in Figure 6.

Figure 5 Mini-SASS scores for the upper-uMngeni Catchment from June 2014 to June 2015.
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Figure 6 Mini-SASS scores in comparison with NH4 (Ammonia) at selected sampling sites.

Further analysis of the relationship between mini-SASS scores and water quality parameters is on going.
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The report provides a basis for further research planned as part of this project and Deliverables to follow. In
particular, we now have a good understanding of the status of water quality in the upper catchment. We have
highlighted that nutrient loads to the Albert Falls and Midmar Dams have increased over the past twenty
years, and shown a strong relationship between this increase and LULC in the catchment. This is particularly
important as we strive to understand the role that healthy Ecological Infrastructure can play in mitigating this
trend.
Associated studies, which will form part of future Deliverables, include the hydrological modelling of the
catchment, including nutrients and an assessment (through the linked DBSA Green Fund project) of where in
the catchment investments in EI should be made. This assessment will ultimately include both aspects of
water quantity and quality, economic benefits and benefits to society and human well being.
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3.

The concept of citizen science
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4.
Land use change as a major driver of water quality deterioration in the
uMngeni catchment
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5.

Solutions to an emerging water quality crisis

%"/",2/2&)1"+3&/,+*"+1&0#&)&+$1,!")&3"/02##& &"+1$,,!.2)&1641"/+!4%&)"1%"+""!#,/
1/!&1&,+)&+#/01/2 12/"&0#2))6/" ,$+&0"!1%"/"&0$/"1+""!1,&+3"01&+-/,1" 1&+$+!/"01,/&+$
1%"0"+12/)#"12/"01, ,*-)"*"+1*+*!"01/2 12/"0?%&0--/, %-/,3&!"0,--,/12+&1&"0#,/
-/1& &-1&,+ 6 1%" ,**2+&1&"0 4%& % 02//,2+! +! 21&)&0" 41"/ /"0,2/ "0? %&0 &0 &*-,/1+1 +,1
,+)6 1, "+02/" 1%" /"0&)&"+ " ,# 1%" +12/) "+3&/,+*"+1 21 1, -/,1" 1 *+(&+! #/,*  %")1% +!
0#"16 -"/0-" 1&3"? &+!&+$  )+ " "14""+ 1" %+,),$6 " ,+,*6 " ,),$6 +! ,**2+&16 &0
" ,*&+$*,/"+!*,/"3&1)#,/0201&+)"#212/"?

1 ,2)! " 0&! 1%"/"#,/" 1%1 1%"/" /" 14, *"1%,!0 #,/ 0,)3&+$ 41"//")1"! "+3&/,+*"+1)
-/,)"*0? %"0" &+ )2!" "+$&+""/&+$ 0,)21&,+0 02 % 0 1%" ,+01/2 1&,+ ,# 41"/ ,+3"6+ "
&+#/01/2 12/" +! 401"41"/ 1/"1*"+1 -)+10 +! +,+"+$&+""/&+$ 0,)21&,+0 02 % 0 1%,0" 4%& %
*("20",#+12/)-/, "00"01, %&"3""+3&/,+*"+1)$,)0?201&+&+$+!/"01,/&+$1%"+12/)
")"*"+104%& %-/,3&!"1%"-/, "00"0+!*" %+&0*0#,/1%"0"+,+"+$&+""/&+$0,)21&,+0/"("6
1, 1%" ? 4, "5*-)"0 ,#  /" /&-/&+ 7,+"0 +! 4"1)+!0 4%& % /" )" 1, -/,3&!" 1%"
" ,0601"* 0"/3& "0 ,# #),,! 11"+21&,+ `0),4&+$ !,4+ ,# #),,! 41"/0 1, -/"3"+1 !*$"~
00&*&)1&,+ ,# %/*#2) +21/&"+10 1%/,2$%  1"/&) +! -)+1 -/, "00"0 +! -/,3&0&,+ ,# /"#2$& #,/
3/&,20-)+10+!+&*)0+!002 %*&+1"++ ",#1%"" ,0601"*:0&,!&3"/0&16+!/"0&)&"+ "?
"1)+!0 /" + &*-,/1+1 ")"*"+1 &+ 1%" 2+$"+& 1 %*"+1 +! /" #2/1%"/ !&0 200"! &+ 1%&0
0" 1&,+0,+",#,2/-/,'" 10#, 20"0,+1%&00-" 1,#" ,),$& )&+#/01/2 12/"?%"0"-/,'" 10)0,
&* 1, "*-),6 &++,31&3" ,**2+&16,/&"+11"! 0,)21&,+0 02 % 0 1%" 20" ,# &1&7"+ 0 &"+ " +!
,**2+&16*,+&1,/&+$+! +" ,*&+"!4&1% ,+3"+1&,+)*"1%,!0,#41"/.2)&16 ,+1/,)?

5.1
The Role of Wetlands
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5.2

Landscape Restoration
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5.3
Citizen science: Midmar Dam and the Mpophomeni Sanitation Education Project
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5.3.2 Engineered and conventional solutions to the
deteriorating water quality in the catchment
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5.3.3 The Mpophomeni Sanitation Education
Project (Box 1)
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Box 1: Community-based water
quality education programmes
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5.4
Conventional water quality monitoring vs community-based water quality monitoring
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5.5
Gaps in water quality monitoring in the uMngeni catchment
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6.

CONCLUSION
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