
Vol.:(0123456789)1 3

Sustainable Water Resources Management (2022) 8:27 
https://doi.org/10.1007/s40899-022-00629-w

ORIGINAL ARTICLE

The impact of informal settlement on water quality of Diep River 
in Dunoon

Babalwa Gqomfa1  · Thabang Maphanga1 · Karabo Shale1

Received: 28 March 2021 / Accepted: 9 January 2022 / Published online: 21 January 2022 
© The Author(s) 2022

Abstract
Water quality is declining due to the rise of urbanization, overpopulation, industrial production, climate change, non-com-
pliance of wastewater treatment plants, and agricultural waste. The mushrooming of informal settlements along the bank 
of the Diep River due to population growth in Dunoon compromises the quality of water. Inadequate sanitation and waste 
disposal practices in the Dunoon informal settlement are a major problem, leading to the contamination of water resources. 
This research aimed to investigate the impact of Dunoon informal settlement on the Diep River water quality. Water samples 
were collected for 4 months from four sites of the river to cover the spatial distribution. The laboratory determined the con-
centrations of nitrates, phosphates, dissolved oxygen, chemical oxygen demand, total suspended solids, and E. coli, while 
the field study used a multiparameter reader to determine turbidity, temperature, electrical conductivity, pH, salinity, and 
dissolved oxygen. The results were compared with the South African water quality guidelines for irrigation, recreation, and 
aquatic ecosystems, and South African National Standards. The study revealed that the average concentrations of E. coli, 
dissolved oxygen, electrical conductivity, salinity, turbidity, chemical oxygen demand, and ammonia exceeded the recom-
mended limits in both the wet and dry seasons. Based on the findings, the water quality in Diep River is poor and the Dunoon 
informal settlement has contributed to this to some extent. The pollution of the river may be linked to health problems and 
environmental degradation. Considering this, the waste discharged into the neighbouring aquatic environments needs to be 
monitored and managed frequently.

Keywords Informal settlements · Water quality · Water pollution · Environmental impacts · Health impacts · Water 
legislation

Introduction

South Africa has limited water resources as it is a semi-
arid country, and poor management of water quality could 
result in water being unavailable to several users. Water is an 
essential component in the existence of every living organ-
ism; hence the protection of water resources is of utmost 
importance. Major contributors to water quality deteriora-
tion in South Africa’s water resources are agricultural run-
off, management of wastewater treatment infrastructure, 
industrial activities combined with a general decline in 
the operation, and household waste both solid and liquid 

which gets disposed of in an improper way (Xue et al. 2015). 
Water resources of good quality provide a precondition for 
economic development and ecological integrity (Cao et al. 
2019).

These wastes have hazardous chemicals and toxins that 
poison the water, harming aquatic plants and animals. The 
alteration of land use due to urbanization and agriculture 
causes precipitation to run off quickly, resulting in severe 
erosion, flash flooding, reduced groundwater, recharge, and 
wildly fluctuating streamflow. One of the major challenges 
that emanate from informal settlements that exist along 
riverbanks is that people tend to do laundry in the river, 
as was the case with one of the Alexandra informal settle-
ments called Stjwetla closest to the Jukskei River (Mawela 
2008). Urbanization is a major cause of the rapid spread of 
informal settlements. Many people moving from rural areas 
cannot afford houses, and so build shacks in the most vulner-
able areas such as wetlands, riverbanks, and so on. Informal 
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settlements are sometimes located in the most unfavorable 
conditions such as those that are close to water bodies (Tsen-
kova 2010). The Nairobi River in Kenya, for example, is 
largely used by populations of low income, especially those 
living in informal settlements, as a source of water for wash-
ing, cleaning, and watering crops (Mbui 2019). Furthermore, 
it is also used to dump domestic and human waste as several 
homes lack toilet facilities. Industrial waste is also regularly 
discarded in the river (Mbui 2019).

The contamination of water bodies is associated with 
substantial negative health issues and mortality. Given this, 
there is a need for frequent monitoring and managing or 
controlling waste products discharged into the neighboring 
aquatic environments. This study seeks to investigate the 
causes of the decline in the Diep River water quality and 
whether the Dunoon informal settlement contributes to this 
decline. It also seeks to determine the environmental and 
health impacts resulting from pollution.

Methodology

The study looked at the impact of informal settlements on 
the surface water, as there are few studies in South Africa 
that have focused on the impact of informal settlements on 
water quality. Qualitative and quantitative methodologies 
were used for this study. The qualitative approach was cho-
sen because it reinforces the understanding and interpre-
tation of meaning as well as the motives and attitudes of 
humans, while the quantitative approach is chosen because 
it is more measurable and can be tested, and results are more 
precise and accurate. Primary data were collected by the 
researcher from first-hand sources using questionnaires, 
observations through a checklist, and lab tests. The purpose 
of the questionnaires was to assess the Dunoon community's 
level of awareness and to assess their knowledge, attitudes, 
and practices towards river water pollution, waste manage-
ment, as well as what they thought needed to be done to 
prevent the problems arising from pollution. The sample 
size was 249 people residing in Dunoon informal settle-
ment. Samples of water from the Diep River were collected 
to test the quality of water. These tests were done over 4 
months (two tests in winter, and two in summer) at differ-
ent strategic points of the river. One point was close to the 
Dunoon informal settlement (ISD), the second point was 
close to the farm opposite the Dunoon informal settlement 
(MAL), the third point was the part of Diep River close to 
where the wastewater treatment plant discharges its treated 
water (PWP), and the fourth point was where there are no 
informal settlements, industries, or farms (MGC). The pH, 
dissolved oxygen, conductivity, and temperature of the river 
were measured on-site using a portable HANNA—HI 9829 
multiparameter reader. The water was also tested for E. coli, 

total suspended solids, chemical oxygen demand, ammonia, 
phosphates, and nitrates in an accredited lab. To analyze the 
data, the SPSS software version 25 was used. Permission 
to use the Outa sampling results report for the Diep River 
area was also requested and the raw data were analyzed. The 
Outa results were for samples that were taken from January 
to April of 2020. The averages shown in the bar charts were 
calculated using SPSS, by dividing the sum of a set of quan-
tities by the number of quantities in the set.

Study area

Dunoon is a township situated in Milnerton, a suburb in 
Cape Town (Western Cape, South Africa). It is located 
around relatively affluent areas such as Parklands, Table 
View, Killarney Gardens, and Richwood. Although water 
supply is a problem in other informal settlements, the natural 
resource (Diep River) that runs through Dunoon is highly 
polluted mainly due to poor sanitation, inadequate waste 
collection, and other factors. According to a South African 
Government Gazette promulgated on the 6th of November 
2020, the Diep River is one of the sub-catchments under the 
Berg Catchment area (DWS 2020). It is classified as Class 
III, which indicates sustainable minimal environmental pro-
tection and high utilization. The Diep River water is mainly 
used for irrigation and recreational purposes, however, the 
quality of water in the river has been declining (Western 
Cape Government 2020). The river is surrounded by infor-
mal settlements, wastewater treatment plants, factories, 
industries, and farms. Figure 1 shows the sampling sites of 
this study within the Diep River.

OUTA sampling sites

The Outa sampling sites (see below) were different from the 
sites shown in Fig. 1, and they were:

M14—Located in the Diep River at Blaauwberg Road in 
the M14 Road.

PDA—Pond is located at the Potsdam Waterworks where 
the water is discharged into the river after treatment.

PDB—After Potsdam water treatment works.
TMS—Theo Marais Canal close to the Koeberg pump 

station.
MCC—Milnerton lagoon at Woodbridge.
PDD—After Potsdam sewage works close to Theo 

Marais.
PDC—Potsdam water treatment plant temporary dis-

charge into the river (Greggorr 2020).
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Results and discussion

Water temperature in all four sampling sites

Figure 2a shows the results of water temperature at the four 
collection points. PWP had the highest average water tem-
perature of 19.5 °C, while ISD had the lowest average water 
temperature of 15.8 °C. The results show that the average 
water temperatures of the different sites were around the 
same mean. The average temperature reading for all the sites 
during the wet season was 12.1 °C. This is because the wet 
season was in winter, while the dry season was in summer. 
The temperature results were slightly different from those 
in a previous study of the Diep River conducted by Awe in 
which, for the four seasons, the average temperature range 
was 14.0 and 24.2 °C (Awe et al. 2020), while the range in 
this study was between 15.8 and 19.5 °C. The slight tem-
perature difference could be attributed to the fact that the 
samples were taken on different days and times. Both studies 
indicated that temperatures were generally lowest in winter 
and highest in summer.

Various factors affect water temperature, and these 
include air temperature, groundwater inflows, stormwater 
runoffs, turbidity, and sunlight exposure. It is essential to 
consider both maximum and optimum temperatures when 
it comes to the health of organisms. The tastiness, viscos-
ity, solubility, smell, and chemical reactions are affected 
by temperature (SDWF 2018). The variation in river water 

temperature generally depends on the season, physical loca-
tion, time of sampling, and temperature of effluents entering 
the stream. Sometimes the temperature variations may be the 
reason for an increase of alien species and a decrease in the 
diversity of native species (Wolf et al. 2014). High tempera-
tures may increase the toxicity of the water for domestic use. 
The observed water temperature was also below the 25 °C 
acceptable limits for no risk, recommended by the World 
Health Organization.

The pH results in all four sampling sites

Figure 2b shows the analysis of pH results from the four 
sampled sites of this study. MGC had the highest pH aver-
age of 8.4, while the lowest was at ISD with a pH of 7.4. 
The pH of all the sites was clustered around the mean of 
7.9. The South African water guidelines indicate that water 
should have a pH range of 6.5–8.4 for irrigation purposes 
and 6.5–8.5 for recreational use (DWAF 1996). The average 
pH of all the sites fell within these ranges. Only PWP and 
MGC recorded pH levels greater than 9. The average pH 
during the dry season was 8.2, compared to 7.2 during the 
wet season.

The pH measures the concentration of hydrogen ions and 
indicates the relative acidity or alkalinity of water. For drink-
ing water, the ideal pH range is 6.5–8.5, as defined within 
the WHO standards). When the values of pH are high, it 
signifies that there is a high level of chloride, bicarbonate, 

Fig. 1  Study sampling sites
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or carbonate, to name a few. That means the water is alkaline 
(Uddin et al. 2014). For domestic water use, the permissible 
pH range in South Africa is 6–9 and, based on the results, 
the average of all sites fell within this range (DWAF 1996).

The pH results in this study were slightly higher than 
those obtained by Awe in a previous study conducted in 
Diep River, even though they were both within the recom-
mended limits for domestic, recreational, and agricultural 
water use. The average water pH range recorded in Awe’s 
study was 7.16–7.98 (Awe et al. 2020), whereas the pH 
range in this study was 7.4–8.4.

Electrical conductivity (EC) in all four sampling sites

Electrical Conductivity refers to the measure of a solution’s 
capability, such as water in a stream, to pass an electric 

current. It indicates the concentration of dissolved electro-
lyte ions in the water. An indication of an increase in con-
ductivity may signify that polluting discharges have entered 
the water. In the ideal world, freshwater streams should 
have a conductivity between 150 and 500 µS/cm to support 
diverse aquatic life (Mathur 2015).

Figure 2c shows the EC results for the four sampling sites. 
MAL had the highest EC levels at 4657.7 µS/cm, while ISD 
had the lowest, recording 2157 µS/cm. The MAL EC lev-
els were twice as high as that of ISD. MAL was an outlier 
with high levels of EC, whereas the rest of the sites were 
clustered around the same mean. The EC levels during the 
dry season were over 1000 µS/cm higher than those of the 
wet season. According to South African National Standards, 
the conductivity at 25 °C should be ≤ 170 mS/m, whereas 
the South African water guidelines limits for irrigation are 

(a) (b)

(c) (d)

Fig. 2  Temperature, pH, electrical conductivity, salinity results
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0–40 mS/m (equivalent to 0–400 µS/cm). Both these lim-
its were exceeded at all the points, especially MAL. Both 
MAL and ISD are upstream and close to each other and 
are located in a farming area. Since Dunoon is in a farm-
ing area, the high EC in MAL may be attributed to runoffs 
from the higher input of salts from agriculture, and in ISD 
may be due to domestic waste. This view is supported by 
Korkanç, who has indicated that an increase in conductiv-
ity can be attributed to anthropogenic discharges and runoff 
of wastewater into water bodies, thereby making the water 
unsuitable for domestic use and irrigation purposes (Islam 
and Islam 2020).

MGC downstream is far from agricultural activities and 
very close to Lagoon beach. The high EC at this point may 
be attributed to seawater intrusion, as Kumar and Libchaber 
(2013) have indicated that the intrusion of seawater into riv-
ers in delta regions and coastal lines may also alter the EC, 
pH, and TDS. In a study that was conducted in the Benue 
River in Nigeria, the results indicated lower conductivity 
during the dry season (Kumar and Libchaber 2013). This 
trend may be attributed to an increase in the concentration 
of organic and inorganic materials and salts because of run-
off from domestic and other human activities into the river 
during the wet season, discharges by the feeder streams, 
and industrial effluents (Anhwange et al. 2012). A similar 
study by Awe showed that electrical conductivity values at 
the Milnerton Woodbridge (DC) site were higher than the 
acceptable range of 0–1500 µS/cm set by the Department 
of Water and Sanitation of South Africa, whereas the Table 
Bay Nature Reserve (DA) and Theo Marais (DB) sites were 
below 1500 µS/cm in all seasons except spring (Awe et al. 
2020). The possible contributing factors to the high EC val-
ues were wastewater runoff into the rivers, river flows, and 
tidal waves.

Salinity concentration on all four sampling sites

Figure 2d shows the analysis of salinity results for the four 
sites. MGC had the highest level of salinity with an average 
of 9.2 psu. PWP upstream had the lowest level at 1.3 psu. 
There was a huge difference between the highest and the 
lowest levels of salinity recorded. MGC was an outlier, and 
the other three sites were centered around the same mean. 
MGC in this analysis recorded the highest level of salinity on 
all the different days on which the measurements were taken. 
MGC is downstream and close to the sea and high salinity 
may be due to seawater intrusions. The level of salinity in 
the dry season was 4.1 times higher than that of the wet sea-
son because the river was not diluted b rainwater.

Salinity is used to describe the total concentration of dis-
solved salts in water (Hussain et al. 2017). Naturally, the 
river or lake water with a salinity of about 70 mg/L will have 
a specific conductivity of between 80 and 13 μS/cm at 25 °C. 

The real ratio depends on the existing ions (Van Niekerk 
et al. 2014). An increase in the volume or concentration of 
salinity in streams destroys town water supplies, affects agri-
culture and horticulture, and adversely impacts river eco-
systems. Salinity can cause a decline in plant growth and 
water quality, resulting in lower crop yields and degradation 
of water supplies. Excessive salt has an impact on total soil 
health, decreasing productivity. It destroys plants, leaving 
bare soil that is susceptible to erosion (Minhas et al. 2020). 
MGC is close to the Lagoon beach and has more levels of 
salinity, and this may be because of seawater intrusion.

In a study conducted by Awe, the seasonal salinity values 
recorded at the different Diep River study sites ranged from 
915 to 5231 mg/L, while the seasonal range in this study 
was from 1.3 to 9.2 psu (equivalent to 1300–5300 mg/L) 
(Awe et al. 2020). In Awe’s study, most of the seasonal 
salinity values recorded at the studied Diep River sites were 
higher than the recommended acceptable value of less than 
1000 mg/L for the protection of freshwater life. In this study, 
the Diep River exceeded the acceptable limit at all sites, with 
the dry season showing a higher average than the wet sea-
son. Awe’s study recorded the highest salinity levels during 
spring (Awe et al. 2020).

Increased salinity in freshwater ecosystems can have 
an impact on community composition. The EC levels are 
affected by both geogenic and anthropogenic factors. The 
levels of salinity in water vary greatly and are related to 
natural processes such as rock weathering, rainfall, seawater 
intrusion, and aerosol deposits (Hien Le et al. 2021), as well 
as anthropogenic activities within the catchment including 
land development, solid waste, agricultural and industrial 
discharges, intensive fertilization and irrigation, and min-
ing (Kaushal et al. 2018; Cañedo-Argüelles et al. 2013). In 
Germany, the potash industry is the primary anthropogenic 
source of salts in the river (Bäthe and Coring 2011; Schulz 
and Cañedo-Argüelles 2019). According to recent studies, 
geogenic and climatic factors are the primary natural driv-
ers of ECs in surface water in Central Europe and North-
ern America (Olson and Hawkins 2012; Le et al. 2019). 
Increased salinity can have a variety of effects on aquatic 
organisms, including changes in chemical processes in the 
stream and direct harmful effects (Hien Le et al. 2021).

Total suspended solids (TSS) concentration in all 
four sampling sites

Figure 3b shows the analysis of TSS results from the four 
collection points. The results show that PWP had the highest 
average with 148.3 mg/L, while MGC had the lowest with 
30.8 mg/L. According to the South African water guidelines, 
the TSS levels for aquatic ecosystems should not exceed 
the limit of 100 mg/L. The analysis shows that only PWP 
had an average that exceeded the limit. The other three sites 
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had TSS levels below the threshold but there was a major 
fluctuation in terms of the levels. This may be attributed to 
informal houses developed close to the river and runoffs that 
carry sediments from the development into the river.

The suspended material contains silt, clay, fine particles 
of organic and inorganic matter, soluble organic compounds, 
plankton, and other microscopic organisms. The existence 
of suspended solids is normally related to a reduction in the 
clarity of water; for example, light penetration or visibility 
(DEA 2018). Total suspended solids (TSS) carried by rain 
runoff water are recognized as one of the main sources of 
polluted sediments from urban settlements (Wakida et al. 
2014). Torres and Bertrand-Krajewski (2008) also agree that 
several pollutants in urban rainy-weather discharges are con-
nected to particles carried in suspension.

The seasonal averages in this study were below the 
100 mg/L limits. TSS levels were high during the dry sea-
son, which had 79.4 mg/L, compared to 72.1 mg/L in the 

wet season. These results contradicted those obtained in the 
study conducted in the Jukskei River, Alexandra by Matow-
anyika (2010), where the total suspended solids increased 
during the wet season and were low during the dry season. 
However, the results were similar to those obtained from 
the Chobe River in Botswana in a study by Fox and Alexan-
der, which showed higher TSS levels during the dry season 
and lower TSS during the wet season (Torres and Bertrand-
Krajewski 2008). This may be due to the different climatic 
regions, but it remains to be investigated by future studies.

Chemical oxygen demand (COD) concentration in all 
four sampling sites

Figure 3c shows the results of COD for samples that were 
collected in four different sites. MGC had the highest levels 
of COD with an average of 348.3 mg/L. The lowest recorded 
levels were at MAL with an average of 125.6 mg/L. This 

 (c) (d)

 (a) (b)

Fig. 3  Dissolved oxygen, total suspended solids, chemical oxygen demand, turbidity results
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shows that the COD recorded at MGC was 2.5 times higher 
than that of MAL. The average level of COD recorded for 
the four locations over 4 months was 218.7 mg/L. The 
results show that the levels of COD are not centered around 
the mean, indicating some fluctuations. The dry season had 
a lower average than the wet season.

High levels of COD indicate the existence of all kinds of 
biodegradable and nonbiodegradable organic matter, caus-
ing high levels of pollution (Islam et al. 2019). COD may 
also increase because of the death of bacteria cells. As the 
cells decompose, they release dissolved organic carbon, thus 
increasing COD. Low levels of COD in river systems indi-
cate good water quality, while high levels indicate pollution 
and may cause harm to aquatic life, especially fish (Edokpayi 
et al. 2017). Surface water should have low COD to sustain 
human beings and fish. The South African water guidelines 
for wastewater recommend that COD levels should not 
exceed 75 mg/L. The average COD results at all individual 
sites exceeded this limit, indicating that the river was highly 
polluted. The high concentration of COD in this study may 
be attributed to sewage and fertilizer that enters the river 
through runoffs, industrial effluents, and the Potsdam waste-
water plant outfalls that are in proximity.

Dissolved oxygen (DO) concentration in all four 
sampling sites

Figure 3a shows the results of DO for the four collection 
points. MGC had the highest DO average at 7.4 ppm while 
ISD had the lowest at 1.4 ppm. The difference between the 
MGC and ISD DO levels is very high, with the MGC aver-
age being five times higher than that at ISD. There is not 
much difference between the wet and dry season DO lev-
els. The dry season average is slightly high with 4.5 ppm, 
compared to 3.9 ppm during the wet season. Dissolved 
oxygen measures the amount of oxygen that is dissolved in 
water (USGS 2009). Some of the human issues that have an 
impact on dissolved oxygen in streams involve the addition 
of oxygen-consuming organic wastes; for example, sewage, 
changing the river flow, increasing the water temperature, 
and the adding of chemicals.

The low dissolved oxygen in ISD can be attributed to 
the slow-moving water at the point because of many reeds. 
Other contributing factors may be pollution through solid 
waste, sewage, and fertilizer that enter the river through run-
offs. The PWP levels of dissolved oxygen may be attributed 
to the wastewater plant and other diffused sources. MAL is 
the closest point to ISD, but there is a huge variation in the 
levels of dissolved oxygen. The level of dissolved oxygen is 
mostly attributed to fertilizer, plastics, and solid waste enter-
ing the river. Of the four points, MGC downstream had the 
highest dissolved oxygen levels. This may be attributed to 
the rapid movement of water at that point.

Dissolved oxygen is one of the major elements that influ-
ence biochemical activities in water bodies. DO levels can 
be impacted by industrial, municipal, and agricultural waste 
discharges and sewer overflows into the river (Haider et al. 
2013). The low amount of dissolved oxygen may threaten 
the ecosystem. Plastic and solid waste in the river may also 
affect the levels of dissolved oxygen, thereby affecting the 
ecosystem (Kulkarni 2016). Slow-moving water tends to 
have low dissolved oxygen than rapid-moving water. Bac-
teria from sewage and fertilizers can affect oxygen levels 
in rivers as the organic matter decomposes. According to 
another study, DO levels less than 5 mg/L could harm the 
aquatic ecosystem (Edokpayi et al. 2017). In all sites except 
MGC, the levels were less than 5 mg/L, meaning that the 
aquatic life was compromised at the three sites. The average 
DO values during the wet and dry seasons were less than 
5 mg/L.

Turbidity in all four sampling sites

Figure 3d shows the results of turbidity in the river for the 
four different sites. The MAL had the highest average levels 
of turbidity at 625.07 FNU, while the lowest was 13.17 FNU 
at MGC. This means that the average turbidity level of MAL 
was 47 times higher than that of MGC. For recreational pur-
poses, the turbidity levels should not exceed 3 NTU, whereas 
for domestic purposes the accepted range is 0–1 NTU. (The 
NTU unit is equivalent to FNU). The turbidity levels at all 
four sampling sites exceeded this limit. The level of turbid-
ity in the dry season was four times higher than that of the 
wet season. The average population for turbidity was 191.42 
FNU.

Most studies show that during and after rainfalls, turbidity 
increases greatly because of sediments that are washed off 
into the stream. For example, in a study conducted by Eliku 
& Leta in the Awash River in Ethiopia, the highest recorded 
mean turbidity value was 139.61 NTU during the wet season 
due to surface runoff from nearby agricultural land, while the 
lowest recorded average turbidity value was 36.4 NTU dur-
ing the dry season (Eliku and Leta 2018). Similarly, in the 
Mvudi River in South Africa, the turbidity values recorded 
in winter during the dry season were 1.3–14.7 NTU, indi-
cating a decrease as expected, while those recorded in the 
wet season were high, ranging between 13.3 and 473 NTU. 
The high values can be due to high frequencies of rainfall, 
leading to erosion and surface runoff transporting suspended 
materials into the water bodies (Edokpayi et al. 2015).

However, the study results showed higher turbidity in dry 
seasons, and this may be attributed to the disturbance of land 
activities in and around the Diep River, such as the expan-
sion of the Dunoon informal settlement close to the river 
and the cleaning of the river (removing silt) during summer.
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Ammonia concentration in all four sampling sites

Table 1 shows the results for ammonia in all four sampled 
sites. The highest level of ammonia recorded in a single day 
was recorded at ISD, while the lowest was recorded at MAL. 
The highest average was recorded at PWP with 11.04 mg/L 
and the lowest was MAL which had 3.5 mg/L. The average 
ammonia for PWP was three times higher than the lowest 
average recorded. The level of ammonia fluctuates greatly 
along the river. On average, the wet season had the highest 
levels of ammonia.

According to the South African National Standards for 
drinking water, the ammonia content should be ≤ 1.5 mg/L 
(SANS 2015). During both the dry and wet seasons, the 
average levels of ammonia exceeded the recommended 
limit. The increase during wet seasons may be attributed to 
waste from farming activities and sewage entering the river 
through runoffs in all sites. Looking at the results of OUTA’s 
analysis of ammonia NH4 from the Diep River catchment, 
PDD recorded the highest levels of ammonia NH4 with 
an average of 25 mg/L. Theo Marais Storm Water Drain 
recorded the lowest levels of ammonia with an average of 
2.2 mg/L, which is a huge difference from PDD (Greggorr 
2020). There was a 22.8 mg/L difference between the highest 
average and the lowest average. There were major fluctua-
tions between the results of all sites. Most of the sites in the 
graph have exceeded the South African National Standards 
limit of ≤ 1.5 mg/L (SANS 2015).

Extreme levels of ammonia can change the aquatic eco-
system, causing extensive eutrophication. This may trigger 
other environmental problems, such as nitrous oxide emis-
sion and depleted oxygen in the water bodies (Canfield et al. 
2010). Literature has shown that excessive ammonia leads 
to eutrophication; for example, eutrophic conditions were 
observed in the Loloan River estuary in Bali, where high 
concentrations of ammonia were recorded (Suteja and Dir-
gayusa 2008).

Phosphate concentration in all four sampling sites

The results of phosphate are shown in Table 1. MAL had 
the lowest average phosphate level of 2.1 mg/L, while ISD 
had the highest average (3.8 mg/L). The average level of 
phosphate recorded for the four locations over 4 months of 
recording was 2.75 mg/L. This indicates that most of the 
results were centered around the mean. There was not much 
fluctuation of phosphate levels in the river. There were very 
few differences in the levels of phosphate recorded in all four 
locations. The dry season had a slightly higher average of 
2.9 mg/L compared to 2.6 mg/L in the wet season.

Phosphate originates from animal wastes, sewage, deter-
gents, fertilizers, disturbed land, and road salts used in the 
winter (Gautam et al. 2014). It is an essential nutrient for Ta
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the development of organisms, and it is not categorized as 
a harmful or toxic element for mankind at low concentra-
tions (Kumar and Puri 2012). The results obtained in this 
study were not in line with other similar studies which 
showed higher phosphate, especially during wet seasons. 
For example, the middle Umgeni River in KwaZulu-Natal 
experienced high levels of phosphate because of informal 
settlements lacking sanitation facilities, effluent from cattle 
feedlots, and poultry farms (DWAF 2011).

Despite all the activities in and around the Diep River, 
phosphate levels were within the limit of South African 
guidelines for aquatic ecosystems. This was in line with 
Griffin’s results that indicated a steady rise in phosphate 
levels in South African freshwater over a while but have 
decreased sharply in recent times; a trend which cannot sim-
ply be ascribed to a single phosphate source (Griffin 2017). 
This trend is supported by the pairwise comparison which 
confirmed that the levels of phosphate increased from 1985 
to 2008 (p < 0.001), then decreased until 2013 (p < 0.001) 
at sites across the country (Griffin 2017). Large amounts 
of phosphorus stimulate the growth of alga (eutrophication 
phenomenon), thereby limiting the penetration of sunlight 
and the circulation of carbon dioxide, leading to depleted 
dissolved oxygen levels in the aquatic ecosystem (Ngatia 
and Taylor 2018). As an example, the eutrophication phe-
nomenon was also experienced in one of the sites by the 
Hartbeespoort Dam in South Africa where there were high 
levels of phosphates (Atta et al. 2020). A similar incident 
had occurred in the Diep River in 2006, which led to the 
death of tons of fish (Jackson et al. 2011).

Nitrate concentration in all four sampling sites

The analysis of nitrate results is shown in Table 1. ISD 
had the highest average nitrate levels of 1.3 mg/L, while 
PWP had the lowest with 0.5 mg/L. The South African 
water guidelines state that the amount of nitrate should 
be in the range of 0–100 mg/L for agricultural purposes 
(DWAF 1996). Extreme levels of nitrate are normally due 
to improper disposal of human and animal waste or the 
extensive use of chemical fertilizers (Garzon-Vidueira et al. 
2020). The lack of sanitation facilities, effluent from cattle 
feedlots, and domestic waste may be the cause of high levels 
of nitrate in ISD. In the Dunoon informal settlement, there 
is also goat and pig farming, and animal waste may end up 
in the Diep River through runoffs. This is in line with the 
findings from a study conducted by Garzon-Vidueira et al. 
(2020).

Nitrates enter streams from natural sources such as 
decomposing plants, animal waste, and human causes like 
sewage or fertilizers. Concentrations of over 10 mg/L will 
affect the freshwater aquatic environment. The nitrate con-
centration in the river was within the South African water 

guidelines limit of 0–100  mg/L for agricultural use in 
both the dry and wet seasons and within the South Afri-
can National Standards limit of 12 mg/L. However, the wet 
season had higher concentrations than the dry season. The 
study results showed consistency with Nyamangara findings 
which indicated lower concentrations in the dry season and 
higher concentrations in the wet season (Nyamangara et al. 
2013). The study was also in line with another study of the 
Jukskei River in Alexandra, which showed a rise in nitrate 
concentration in the rainy season (Matowanyika 2010).

Freshwater ecosystems are impacted by a variety of 
stressors, many of which are tied to land development. 
Elevated nutrient concentrations are common among these 
stressors. According to a German study, nutrients are pre-
sent at levels over the risk limits for ecological damage 
at 85% of sites (Schäfer et al. 2016). Between 2005 and 
2015, phosphate concentrations in Thuringian streams 
ranged from less than (0.01–0.14 mg/L), but nitrates were 
higher (3.4–50.8 mg/L). Phosphate concentrations in North 
Rhine-Westphalia streams ranged from below detection to 
0.96 mg/L, while nitrate values were (2.3–60 mg/L) (Schäfer 
et al. 2016). Increased nutrient levels may have contributed 
to the decline in invertebrate richness (Alexander et al. 
2016). It was also noticed that a rise in nutrient concentra-
tion increased the abundance of the snail Physa acuta while 
having no effect on Viviparus georgianus (Lind et al. 2018).

Comparison of water quality results from three Outa 
points

Figure 4 shows a comparison between three Outa sites that 
had tests taken on most of the test days. Most of the OUTA 
points are in very close proximity. The reason for choosing 
the three points is that they are far apart and influenced by 
different land uses; for example, TMS, industries, and the 
waste treatment plant. M14 is mostly influenced by residen-
tial areas, both formal and informal, and MCC is a point 
close to the beach and downstream the waste treatment plant 
and Industries and informal residents and is used for recrea-
tional purposes. The quality of natural water differs from one 
place to another, subject to seasonal changes, soil and rock 
type, and the surface through which it flows. The quality of 
water is considerably changed by various human activities 
like mining and recreation, urban and industrial develop-
ment, and agriculture (Kretzmann 2019).

The results show that there was no correlation between 
variables. A large value of a particular variable did not 
influence the value of other variables under test. The only 
variables that seemed to be correlated were E. coli and fecal 
coliforms, where each site that had the highest levels of E. 
coli also had the highest fecal coliform levels.
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E. coli concentration in all four sampling sites

Figure 5 shows the E. coli results from four different points 
of the Diep River. The results show that PWP recorded the 
highest levels of E. coli. The water standard of South Africa 
states that the E. coli levels should not exceed 0 cfu/100 mL 
for irrigation and 0–130 cfu/100 mL for recreation purposes 
(DWAF 1996). All the average measurements exceeded 
these limits. MAL had the lowest average of E. coli with 
a value of 225 cfu/100 mL. PWP had the highest average 
with 23,225 cfu/100 mL, which is way above the prescribed 
limits. This high E. coli count could be attributed to the 
proximity of PWP to the Potsdam Wastewater Treatment 
Plant as the plant discharges its wastewater into the Diep 
River. The E. coli levels are higher during the dry season 
than the wet season.

All the points of the Diep River were contaminated by 
E. coli in summer, whereas the only ISD had E. coli levels 
undetected during the winter months. This could be because 
the E. coli levels were diluted by the rain and there were 
fewer shacks around the river. In most African countries, 
surface water is threatened by pollution caused by coliform 
bacteria and the situation poses risks to humans and the 
environment. Several cases of waterborne diseases have 
been attributed to E. coli as a contributing agent (Islam and 
Islam 2020).

Figure 5 shows that during both the wet and dry seasons, 
the average levels of E. coli exceeded the limits. This is 
in line with a study that was conducted in 2009 by Paulse 
et al. (2009), which also showed that the Diep River was 
highly contaminated with E. coli, exceeding the maximum 
limit for the river water throughout the study. The results in 
Paulse’s study showed that the Theo Marais Sports Club site, 
which is surrounded by industrial, waste plant, and residen-
tial areas, was the most contaminated because of the waste 
effluent from these areas. The presence of E. coli in water 
used for recreational purposes, irrigation, or drinking pur-
poses creates a possible risk for infections in animals and 
humans (Kümmerer 2009; Paulse et al. 2009).

Fecal coliforms results

Outa’s fecal coliform results showed that M14 recorded 
the lowest levels of fecal coliform with an average 
of 3500  cfu/100  mL. TMS had the highest level with 
300,000  cfu/100  mL, and the site had an average of 
75,967 cfu/100 mL. All the sites did not show any major 
fluctuations in terms of the test results, with most results 
being around the average of 75,967 cfu/100 mL (Greggorr 
2020).

Both the lowest average fecal coliform count 
(3500 cfu/100 mL) recorded in M14, and the highest aver-
age (75,967 cfu/100 mL) recorded in Theo Marais exceeded 

Fig. 4  Comparison of M14, 
TMS, and MCC on all attributes
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the 0–150 cfu/100 mL range set for full contact recreation 
uses (DWAF 1996). The average level of fecal coliform 
recorded in all sites also exceeded the South African limit of 
200 cfu/100 mL for water used for livestock watering. There-
fore, the river water is not suitable for drinking and recrea-
tional purposes because it may cause disease and illness.

The results of research to examine faecal contamina-
tion in Gabon's coastal zone, focusing on the most heavily 
populated region of Libreville, were frightening, with rivers 
and beaches contaminated by sewage discharge exceeding 
recreational water safety requirements (WHO 2018; Leb-
oulanger et al. 2021). According to Padovan et al. (2020), 
the report pattern recommended treatment to coastal marine 
water for the production of local fisheries via potentially 
harmful pathogens.

Diep River water uses

The majority of people indicated that they did not use the 
river water. Out of the 249 questionnaire responses, only 41 
indicated that they used river water mostly for irrigation of 
gardens. Only five people indicated that they used the river 
water for cooking and drinking. A few questionnaires had 
contradictions as people said that the river water was not 
valuable for them, yet they also indicated that they used the 
river water. As per observations, the river was highly pol-
luted and, according to the questionnaire responses, people 
who did not have tap water receive water from the munici-
pality water truck. However, the respondents also indicated 
that the water received from the truck was not sufficient to 
meet their daily needs. It was also observed that the river 
was generally used for irrigation and for recreational pur-
poses such as boating and fishing downstream Dunoon in 
Milnerton, even though signs were indicating that the river 
was polluted and should not be used for activities like boat-
ing, swimming, and so on.

Disposal of solid waste in Dunoon

Western Cape Government (2019) states that the waste 
produced should be stored correctly for easy collection 
and disposal by the relevant authority. On-site storage is 
of main importance due to public health concerns and aes-
thetic considerations. In the Dunoon informal settlement, the 
day-to-day waste generated through human activities is left 
to accumulate in dumpsites near the residential areas. The 
environment of Dunoon is highly polluted as the community 
lacks basic services and waste management services. Waste 
removal is a big problem in the Dunoon informal settlement 
and this, in turn, degrades the environment.

Most of the people dispose of waste (illegally) all around 
the place, in drains, wetlands, empty lands, Diep River, and 
around Diep River. A few of the people burn their waste in 

their yards. The burning of waste at dumpsites or individual 
dwellings causes air pollution. Various emissions from open 
burning are poisonous. Air pollutants can be a source of 
harmful health effects (Wiedinmyer et al. 2014). Burning 
trash can also result in particles finding their way into the 
river. Some of the problems in Dunoon informal settlement 
are sewage overspills and pollution due to solid waste that 
enters the stormwater drainage system (Fig. 6b, c). Several 
waste elements get carried away with the stormwater and 
gather into the Diep River. Though a portion of the waste is 
carried away with the stormwater, part of the waste blocks 
and clogs the stormwater drainage system. This can be dan-
gerous because of the risk of flooding and destruction of 
housing structures and lives and may also pose health risks.

Littering and dumping into and around the Diep River is a 
common activity in the Dunoon informal settlement built at 
the edges of the river as shown in Fig. 6a. In the same way as 
Dunoon, the residents of Alexandra informal settlement lit-
ter and dump waste into the Jukskei River due to the lack of 
urban drainage infrastructure and inadequate waste removal. 
This has an impact on water quality and the environment. 
In wet seasons, contaminants are also regularly washed into 
the Jukskei River (Fitchett 2017).

Disposal of greywater

Greywater is defined as wastewater that is generated from 
household activities such as bathing and washing laun-
dry and dishes (Sharaf and Liu 2021). The most common 
method to manage greywater in Dunoon informal settlement 
is to dispose of it onto the ground. A large amount of grey-
water is either discarded into the stormwater system, causing 
the pollution of downstream water bodies, or disposed of 
onto the ground in the settlement.

According to Carden et al. (2007a, b), the greywater pro-
duced in high-density informal mushrooming settlements 
across the major cities in South Africa is harmful from a 
pathogenic and salinity perspective and has to be handled as 
a sanitation problem and not as a drainage issue. An exam-
ple of this is Langrug informal settlement in Franschhoek, 
where residents largely collect water from the toilet blocks 
using buckets. The water is generally used for bathing, 
laundry, and household cleaning and this results in the pro-
duction of ‘greywater', which is disposed of outside their 
residences. The greywater forms streams in drainage chan-
nels and flows into the Stiebeuels River, Franschhoek River, 
and ultimately the Berg River. Pollution levels in the Berg 
River have been rising every year, and this can substantially 
have an impact on the quality of fruit grown using the river 
water for irrigation (Roberts 2018). This is a similar case to 
the congested Dunoon informal settlement, where residents 
also dispose of greywater in open spaces close to the river. 
The disposed of greywater enters the river through runoffs, 
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causing pollution. Carden et al. (2007a, b) state that it is 
important to ensure that residents in informal settlements are 
educated and empowered about managing greywater.

Sanitation in Dunoon informal settlement

Environmental hygiene plays an important part in preventing 
diseases. It also has a bearing on the natural environment 
and the protection of natural resources such as water. Ade-
quate sanitation is essential for improving the environment 
(Hutton and Chase 2017). Dunoon informal settlement has 
a challenge of poor sanitation as the community uses shared 
communal toilets that are generally blocked and unhygienic. 
According to the questionnaire responses, about 84.74% of 
the respondents use shared exterior unflushed toilets (see 
Fig. 7). People prefer to help themselves in open land. This 
is evident in that one finds human waste in the paths of 
Dunoon informal settlement. Most of the shared toilets are 
unclean and full to the point that they leak to the outside 
and have no taps close by for people to wash their hands. 
Literature shows that this is common in most informal settle-
ments within the African continent. Over 65% of the infor-
mal settlement residents lack access to adequate sanitation 

(UN-Habitat 2014), and this has been acknowledged as one 
of the major social issues of the post-apartheid period in 
South Africa (Masindi and Dunker 2016).

(a)  (b)

(c) (d)

Fig. 6  Illegal disposal of waste and floods in Dunoon (Gqomfa 2020)

Fig. 7  Toilets used in Dunoon informal settlement
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McFarlane (2008) observed that in India, women chose 
to excrete human waste in open spaces rather than to use 
messy restrooms. Poor sanitation forces informal settlement 
dwellers to use nearby open spaces or unhygienic pit latrines 
(Buttenheim 2008). This was also observed in the Jarim-
eri informal settlement in Mumbai. The state of communal 
toilets in Jarimeri is bad, unclean, and lacks maintenance. 
Several individuals have made alternative in-house toilets. 
Those who cannot afford in-house toilets use public toilets or 
defecate in the banks of the Mithi River (Biswas et al. 2020). 
Similarly, some of the residents in the Dunoon informal set-
tlement use open space and the riverbank as defecation zones 
due to dirty and blocked communal toilets. According to a 
Statistics SA (2016) media release, 45.6% of households in 
South Africa have no toilet inside their homes, and less than 
50% of households have a toilet outside of their residence. 
Of the remaining 75.5% of people with access to sanitation, 
12.2% have pit latrines, and 60.6% are connected to a sewer-
age system. In some informal settlements, toilets are shared; 
for example, in Ezindlovini in Khayelitsha, which is a set-
tlement of more than 20,000 people sharing 380 communal 
toilets, some of the residents do not have toilet facilities at 
all. There have been protests and cries to the local govern-
ment for help to address this problem (Anon 2016). Informal 
settlements lack centralized sewerage systems. According 
to WHO (2019), this lack of adequate sanitation in informal 
settlements is likely to cause diarrhoeal fatalities.

Environmental impact and contamination

The main causes of pollution in the Dunoon informal set-
tlement were domestic sewage, agricultural waste, indus-
trial waste, and solid waste. Based on the questionnaire 
responses, one of the major problems in Dunoon was solid 
waste management, although some sections of the informal 
settlement of Dunoon used bins to dispose of waste. Apart 
from the 57.9% who used bins, 52.5% used drains, 2.5% 
toilets, 49.6% open space, 32.2% burn waste, and 4.1% used 
other waste disposal methods. Some of the communities 
indicated that they burned their waste, causing air pollution. 
Many households admitted to disposing of human waste in 
harmful ways, which contributed to environmental degra-
dation and contaminated river water. Most of the Dunoon 
informal settlement dwellers used an exterior non-flush toi-
let, a few used the exterior flush, and the backyard dwellers 
used interior flush toilets from the houses.

Literature shows that migrants in several targeted cities 
worldwide are compelled to cluster in areas characterized 
by unsafe tenure, inadequate access to basic services and 
labour markets, and exposure to environmental dangers such 
as flooding (Tacoli et al. 2015). Some studies have also indi-
cated that there are vast environmental problems associated 
with informal settlements and low-income houses related 

to the location, drainage, and waste disposal. These studies 
argue that several low-income houses, including informal 
settlements, are located in unplanned land (French et al. 
2021). For example, infrastructure such as water supply 
pipelines and electricity poles are not placed in a controlled 
way and hence they can trigger environmental problems. 
The people of Dunoon informal settlement live in unsafe 
residences with inadequate basic services. In the wet season, 
the houses are destroyed by floods as some parts of the set-
tlement are located close to the river and other parts beneath 
the power lines (see Fig. 6d). This may result in fires and air 
pollution since the building material is highly flammable.

Environmental well-being could be adversely impacted 
by some contaminants. For instance, in some regions like 
Asia, the populations of vulture species have dropped sig-
nificantly. This decline has been attributed to the veterinary 
use of diclofenac, which is a human pharmaceutical used to 
treat anti-inflammations (Petrik et al. 2017). It has also been 
associated with one of the active ingredients in the contra-
ceptive pill associated with endocrine disruption and femini-
zation in fish, called the ethynylestradiol (Petrik et al. 2017).

Vaal River supplies about 50% of Gauteng’s water. 
Because of waste that gets dumped into the river stream, 
this river has been a target of water pollution. According to 
a News24 article written by Phakgadi (2019), vanadium and 
potassium carbonate were the chemicals found in the Vaal 
River (Phakgadi 2019). This affects the aquatic ecosystem 
and harms the environment.

Health impact in Dunoon informal settlement

In 2011, it was reported that diarrheal diseases accounted for 
deaths of more than 700,000 children below age 5 (Edokpayi 
et al. 2018). According to the World Health Organization 
(2017), water diseases are illnesses brought about by patho-
genic micro-organisms that are transmitted in water bodies 
and that may spread while washing, drinking water, or by 
consumption of food exposed to polluted water.

In Dunoon, some of the respondents have suffered dis-
eases like malaria, typhoid, cholera, asthma, diarrhoea, and 
skin disease due to the use or consumption of contaminated 
water. Skin diseases account for 57.3% of all the diseases 
suffered by the respondents as a result of using or consum-
ing contaminated water, followed by diarrhoea with 33.6%. 
Although some respondents indicated that they did not use 
river water, during flooding they are exposed to contami-
nated water. The contaminated water contains pathogens and 
chemicals that are a danger to human health and may result 
in skin diseases. Hence most respondents in the question-
naire indicated that they suffered from skin problems. Some 
of the problems related to diarrhoea may be due to poor 
water storage, poor sanitation, and poor waste disposal.
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Poor sanitation can result in exposure to faecal contami-
nation through various environmental pathways, leading 
to undesirable health consequences. Exposure to faecal-
polluted surface water has been confirmed to display an 
increased risk of helminth infections (Fuhrimann et  al. 
2017; Mather et al. 2020). The factors contributing to the 
urban sanitation crisis include insufficient water supply, poor 
drainage infrastructure, open defecation, poor faecal sludge 
management, and badly constructed or maintained sanita-
tion facilities. They are worsened by inadequate solid waste 
management, high population density, and climate change, 
which consequently can raise the exposure to faecal patho-
gens (Hawkins et al. 2013). Similar to the above-mentioned 
studies, Dunoon is highly populated, lacks adequate sanita-
tion, people defecate in open spaces, and dispose of waste on 
open land and drains. This poses high health risks amongst 
Dunoon informal settlement dwellers. See Table 2.

Conclusion

Rivers are sensitive and important ecosystems that have 
been extensively damaged globally. This study aimed to 
investigate the impact of informal settlement on the water 
quality of the Diep River in Dunoon. The literature revealed 
that there is a continual decline in the water quality in the 
Diep River. Human beings are often responsible for the main 
causes of water pollution in the Diep River. Results have 
also revealed that Diep River pollution is mostly due to non-
compliance of the Wastewater treatment plant to legislation. 
Other factors contributing to the decline in the quality of 
water are the rise of urbanization, population growth, indus-
trial production, and agricultural waste. The overcrowded 
informal settlements with inadequate sanitation are a major 
problem, coupled with the lack of other services such as 
waste collection. Due to a lack of such services, the health of 

human beings is being negatively impacted by water-related 
diseases as the water bodies are extensively polluted.

The South African water quality guidelines for aquatic 
ecosystems, recreation, and agriculture were used for analy-
sis. The average concentrations of E. coli, DO, electrical 
conductivity, salinity, turbidity, ammonia, and chemical 
oxygen demand exceeded the recommended limit in both 
the wet and dry seasons. The recommended limit for E. 
coli is 0 cfu/100 mL for irrigation and 0–130 cfu/100 mL 
for recreation purposes, but the average highest E. coli 
count was 1436.3  cfu/100  ml in the wet season and 
11,737.5 cfu/100 mL in the dry season. The average COD in 
the wet season was 250.5 and 186.8 mg/L in the dry season, 
higher than the recommended wastewater limit of ≤ 75 mg/L. 
The EC averages in the wet season (2453.3 µS/cm) and the 
dry season (32,208 µS/cm) were both higher than the recom-
mended limit of 0–40 mS/m (equivalent to 0–400 µS/cm), 
while the turbidity averages in the wet season (60.18 fnu) 
and the dry season (257.04 fnu) were also greater than the 
acceptable limit of 3 NTU for recreational purposes and 0–1 
NTU for domestic use. The average ammonia in the wet 
season was 9.2 and 6.1 mg/L in the dry season. Both the wet 
and dry season averages exceeded the recommended limit 
of ≤ 1.5 mg/L for drinking water.

Based on the results of this study, the water quality of 
Diep River, particularly close to the Dunoon informal set-
tlement (ISD) site, has declined. This was evidenced by the 
low average dissolved oxygen levels and the average E. coli 
levels that were higher than the acceptable limits. In a single 
day’s recording in December, the ISD site had the high-
est ammonia levels. The average ammonia was also high. 
Even though the phosphate levels were within the acceptable 
limit, the ISD site recorded the highest average levels of 
phosphate. The highest average nitrate levels were recorded 
at the ISD site. This can be attributed to the overcrowded 
Dunoon informal settlement with inadequate sanitation and 
a lack of waste collection services. It is, therefore, necessary 
to improve the management of waste and sewage issues in 
the Dunoon informal settlement.

Recommendations

The degradation of urban rivers is a major problem in South 
Africa and, for this reason, the combination of water quality 
monitoring with water resource protection is crucial. The 
rapid growth in informal settlements is also a major concern 
in urban areas. Based on the findings of this research, the 
following measures and practices can be implemented to 
reduce and monitor the level of water pollution in the Diep 
River, associated with Dunoon informal settlement:

Table 2  Diseases because of water usage in Dunoon

Diseases as a result of water usage in Dunoon

Responses Percent of cases

N Percent

Diseases resulting from use of water
 Malaria 1 0.4 0.5
 Typhoid 2 0.8 1.1
 Other diseases 2 0.8 1.1
 Cholera 8 3.2 4.4
 Asthma 10 4.0 5.5
 Diarrhoea 85 33.6 46.7
 Skin disease 145 57.3 79.7

Total 253 100.0 139.0



Sustainable Water Resources Management (2022) 8:27 

1 3

Page 15 of 18 27

• Basic services such as sanitation and waste collection 
need to be provided regularly in the Dunoon informal 
settlement to prevent river pollution.

• Constantly inspect and monitor water quality and runoff 
nearer to the cause of contamination within the Dunoon 
informal settlement

• The government should introduce programmes to edu-
cate the people in the informal settlements about river 
resources and about the importance of keeping the water 
clean.

• Apart from the different land use activities that degrade 
surface water, Dunoon informal settlements are located 
in a farming area with livestock and other animals, and 
there is a landfill just close these stressors, which may 
negatively impact the quality of groundwater in the long 
term. Currently, no studies have been conducted regard-
ing the impact of pollution on ground water in the area. 
Further research on this is also required.

• The local, provincial, and national government and 
the different departments (such as the Departments of 
Human Settlement, Agriculture, Minerals, Water and 
Sanitation, and so on) need to work in harmony regard-
ing water policies and governance as one activity in one 
department can affect the water resources.

• Continuously enforce and monitor legislation adherence 
by industries, water waste plants, farms, and all involved 
parties to prevent pollution.

• The growth of emerging river contaminants that are not 
commonly monitored requires proactive further research 
on the application of new techniques for better monitor-
ing of water in water bodies.

• The Potsdam Wastewater Treatment Plant needs to 
improve its wastewater treatment techniques and methods 
to minimize the number of pollutants discharged into the 
Diep River. Potsdam treatment plant is currently under-
going modification. This may improve the operations and 
performance of the plant in the future. However, there is 
a need for alternative emergency measures to improve 
how the water plant operates.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s40899- 022- 00629-w.
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