Water SA 51(2) 78-89 / Apr 2025
https://doi.org/10.17159/wsa/2025.v51.i2.4152

Research paper

The state of wastewater management in South Africa: data gaps, missing wastewater,

and Green Drop reporting

P Mark Graham"? (2}, Nicholas B Pattinson"? () and David Still>*

'GroundTruth, Pietermaritzburg, KwaZulu-Natal, South Africa

2Centre for Water Resources Research, University of KwaZulu-Natal (UKZN), Pietermaritzburg, KwaZulu-Natal, South Africa

3Partners in Development (PID), Pietermaritzburg, KwaZulu-Natal, South Africa
*Duzi-uMngeni Conservation Trust (DUCT), Pietermaritzburg, KwaZulu-Natal, South Africa

Untreated or poorly treated wastewater is a major contributor to freshwater pollution. In South Africa, the
Green Drop (GD) assessments report the national status of wastewater management. However, GD reporting
was halted between 2013 and 2022. We aimed to determine the consequences of the lengthy cessation in GD
monitoring, isolate issues not highlighted in GD reporting, and interrogate the current status of wastewater
management in South Africa. The GD reports showcase the dire state of South Africa’s wastewater treatment
works (WWTW). However, we found that the biggest problem not emphasised in GD reporting is ineffective
management of sewage reticulation (i.e., collection and distribution), with evidence that large amounts of
wastewaterare going missing (i.e., notreaching WWTW for treatment). There was adecrease in the daily volume
of wastewater treated (DVT) across South Africa between 2013 and 2021, despite the population increasing
by ~5.52 million (10%) during that period. We highlight the severity of this issue through a case study on the
city of Pietermaritzburg: we estimated a ~19.66 ML:day' deficit between predicted and measured DVT at the
Pietermaritzburg Darvill WWTW in 2022, with the deficit correlating to high Escherichia coli concentrations
(indicative of raw sewage pollution) in the rivers within the Pietermaritzburg area. If reticulation failures
are not addressed, then even if the dismal performance of WWTW in South Africa is remedied, wastewater
pollution impacts will persist. The wastewater crisis is creating water scarcity, increasing the difficulty of using
and re-using water resources, and poses a substantial health risk. Addressing the crisis requires adequate
data. Though the current GD assessments are essential to identifying problematic WWTW, serious data gaps
remain that necessitate improved monitoring, potentially augmented by citizen science. Mitigating the
wastewater crisis is critical to safeguarding freshwater ecosystems, securing safe and resilient water supplies,
and achieving the Sustainable Development Goals (SDGs).

INTRODUCTION

Freshwater is one of Earth’s most critical resources. However, unsustainable use and pollution, among
other factors such as climate change, are threatening global water security (M Wang et al., 2024).
Poorly treated or untreated wastewater is one of the largest contributors to freshwater pollution, a
problem that is being aggravated by increasing populations and migration to urban centres (Jones
et al., 2022; Mema, 2010). People are becoming increasingly reliant on water systems receiving a
growing volume of wastewater that originates from diverse anthropogenic sources and comprises
an increasingly complex suite of pollutants (Bakare and Adeyinka, 2022; Brooks et al., 2006; Naidoo
and Olaniran, 2014; Villarin and Merel, 2020). Influent and effluent from wastewater treatment
works (WWTW) can have significant pathogen loads (many of which show antimicrobial-resistant
traits) and various other contaminants of emerging concern such as antibiotics, antiretrovirals, heavy
metals, plastics and microplastics, and pesticides (Abia et al., 2023; Archer et al., 2021; Deblonde
etal., 2011; Edokpayi et al., 2017; Ibangha et al., 2023; H Wang et al., 2014).

Depending on the composition, wastewater pollution in aquatic environments can have a variety of
negative effects on humans, biodiversity, and ecosystem function (Edokpayi et al., 2017). These are
non-mutually exclusive, and can range from more benign effects such as reducing aesthetic appeal,
through to more severe consequences such as causing disease outbreaks (Jones et al., 2022; Keshaviah
etal., 2023), eutrophication (Tong et al., 2022), or even full-scale ecological collapse (Dyer et al., 2003;
Naidoo and Olaniran, 2014). Considering the threat, it is critical that the production, collection,
treatment, discharge, and re-use of wastewater are managed effectively and efficiently (Bakare
and Adeyinka, 2022; Igbinosa and Okoh, 2009; Montwedi et al., 2021; Omohwovo, 2024). This is
acknowledged in Sustainable Development Goal (SDG) 6 “water and sanitation for all”, with specific
emphasis within SDG targets 6.2 and 6.3, as well as indicators 6.3.1 and 6.3.2, though improved
wastewater management would be central to achieving at least 11 of the SDGs (Obaideen et al., 2022;
Sadoff et al., 2020; UN Water, 2016; UNEP and UN Water, 2018; WHO and UNICEE, 2021).

Effective management requires monitoring to identify the problems present; where they are, how they
arise, how they change over time, and if remediation interventions are working (Keshaviah et al., 2023).
In South Africa, a country with a steadily growing population and severe freshwater stress (Adewumi
et al, 2010; Archer et al., 2021; Donnenfeld et al., 2018), the national governments Department of
Water and Sanitation (DWS) designed and implemented the Green Drop (GD) programme in 2008
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for assessing and monitoring the functionality of WWTW across
South Africa (Adewumi and Olanrewaju, 2011). The program
assigns a GD score to each WWTW based on an assessment of
‘the entire value chain; including aspects of physical infrastructure
performance (i.e., sewage collection network, pumping, treatment,
and discharge), as well as aspects of administrative and financial
performance. Contributing criteria are weighted differently in
the calculation of the GD score, with actual effluent quality and
compliance status contributing only 30% weight; 70% of the
score is dependent on various other criteria, including capacity,
environmental, financial, and technical management (DWS, 2022,
2023a). The concept is incentive-based, ideally rewarding WWTW
that achieved the GD certification of excellence (requiring a score
>90%). The programme ran for approximately 5 years, consistently
indicating that the wastewater treatment systems countrywide
were in distressingly poor condition (Ntombela et al., 2016). After
the executive summary of the 2013 GD assessment was released,
the programme was scrapped for nearly a decade, before being
revived in 2021 (DWS, 2022).

In this study, we quantitatively compared the 2013 (DWS,
2013) and 2021 (DWS, 2022) GD assessments. We aimed to:
(i) investigate how the status and performance of WWTWs in
South Africa changed over the period when monitoring was halted,
(ii) identify where there are data gaps in the current monitoring and
reporting framework, and (iii) highlight issues within wastewater
monitoring and management that are not currently receiving
the requisite attention. To illustrate the issues and data gaps we
identified in the national GD data, we specifically interrogated GD
data for the Pietermaritzburg city Darvill WWTW and Escherichia
coli data from river monitoring sites in Pietermaritzburg as a case
study. We also reviewed the most recent 2023 (DWS, 2023a; b) GD
reports to contextualise the current status and trends, though we
did not perform a qualitative comparison with previous reports.
Overall, our objective was to review South Africa’s current status
regarding wastewater, assess the changes after nearly a decade
without reporting, and, based on the trends and issues identified,
develop brief recommendations for action going forward.

METHODS
Data availability: GD data

The GD data used in this study were publicly available within the
2013 (DWS, 2013), 2021 (DWS, 2022), and 2023 (DWS, 2023a)
GD reports. The datasets included at least partial data on the
designed daily capacity, the percentage of the designed daily
capacity used (DCU) - giving the daily volume of wastewater
treated (DVT), and GD scores for 876 WWTW in South Africa.
For discussion on how the GD reports function, see Adewumi
etal. (2011), Ntombela et al. (2016), and Kelly (2021).

Data availability: Pietermaritzburg case study

The Pietermaritzburg Darvill WWTW was selected given that
(i) it is a large and unusually well-documented site, with over
30 years of inflow history and history of the water quality in the
streams in the Darvill catchment, and (ii) it apparently performs
relatively well according to the latest GD assessment (DWS,
2023a,b), creating a good contrast between its GD status and the
reality of wastewater management in the catchment. Population
data for Pietermaritzburg, KwaZulu-Natal Province, South Africa
were openly available (www.worldpopulationreview.com). The
population estimates and projections are based on census data
(Stats SA, 2022) and the UN World Urbanization Prospects (UN,
2019). Inflow data for the Darvill WWTW and E. coli data from
the 18 river monitoring sites in Pietermaritzburg (see Appendix;
Fig. Al; Table Al) were publicly available within monthly
catchment management forum reports and used with permission
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from uMngeni-uThukela Water who collect the data as part of
DWS mandated monitoring. While E. coli counts of >200-400
colony forming units (CFU) per 100 mL are considered a potential
health risk in recreational freshwaters (DWAE, 1996; USEPA,
2012), we selected a >10 000 CFU-100 mL"! count threshold since
it unambiguously indicates sewage contamination, while counts
> 100 000 CFU-100 mL™' show extreme sewage pollution (Price
and Wildeboer, 2017). Not every site reported E. coli CFU counts
every week, though data were reported from =15 sites in 90% of
weeks, allowing for robust trend analyses.

Data analysis

Statistical analyses were conducted in R version 4.2.3 (R Core
Team, 2024) within the RStudio environment (RStudio Team,
2024). Graphing was done using the package ggplot2 (Wickham,
2016). Generalised additive models (GAM) in package mgcv
(Wood, 2011) were used to model (i) the estimated population
of Pietermaritzburg each year as a function of year, from 1990
to 2022, and (ii) the percentage of river monitoring sites in the
Pietermaritzburg area (Table Al) that recorded E. coli counts
> 10000 and > 100 000 CFU-100 mL™* during weekly monitoring,
as functions of weekly time intervals from 2006-2022. Linear
models (LMs, family Gaussian) were used to model the median
inflows at Darvill WWTW as a function of year between 1990 and
2010, and between 2011 and 2022. The time periods chosen for
each LM were selected because the transition from 2011 to 2012
represented the start of the decline in the median DVT at Darvill
WWTW, and hence a break-point in the trajectory prior to 2011.

RESULTS
South Africa GD status and trends

In the 2021 GD report, the nationwide average GD score was
41.6% + 28.3 standard deviation (SD), compared to 49.8% + 27.4
SD in 2013, showing an average 8.2% decrease nationwide (Figs 1
and 2; Table 1). There were 335 (40%) critically dysfunctional
WWTW (GD scores < 31%) in 2021, up 81 (9.1%) from 254
(30.9%) in 2013. In 2021, GD performance was worst in Limpopo,
the Northern Cape, Free State, and North-West provinces, which
had 52 (78.8%), 58 (78.4%), 67 (69.8%), and 29 (65.9%) of their
WWTW critically dysfunctional (Figs 1 and 2; Tables 1 and 2).
Only 59 (7%) WWTW across South Africa achieved GD certificates
of excellence (GD score > 90%), down from 67 (8.2%) in 2013. A
total of 38 WWTW across South Africa still lacked GD scores in
2021 (showing they were not fully assessed), though the number
had decreased compared to the 54 in 2013 (Figs 1 and 2; Table 1).

The average percentage of the DCU was similar in 2021 (79.4%
+ 59.8 SD) compared to 2013 (80.3% =+ 46.6 SD; Figs 2 and A2;
Table 1), though in both instances there was a wide range of DCUj;
for the 535 WWTW with DCU data in 2021, the daily volume of
wastewater treated (DVT) ranged from 1-500% of the designed
capacity, and of the 587 WWTW with data in 2013, the volume
treated ranged from 1.1-415% of the designed capacity. There
were 341 WWTW (38.9%) which reported no DCU data in
2021, compared to 289 (33.0%) in 2013, an increase of 52 (5.9%)
WWTW not reporting the DVT at the facility (Figs 2 and A2;
Table 1).

There were 431 (49.2%) of the 876 WWTW with data on their
DCU in 2013 and 2021, showing that >50% of WWTW did not
have continuous DCU monitoring. In total, 212 (49.2%) of the
431 WWTW with comparable data showed decreases in their
DVT between 2013 and 2021; 6 provinces recorded decreases in
the average percentage of their DCU, with average decreases in the
DVT of 0.78 million litres (ML)-day™" + 5.64 SD, 0.56 ML-day™
+ 3.52, and 0.76 ML-day! + 4.50, across KZN, Limpopo, and the
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Western Cape, respectively (Figs 2 and A2; Table 1). Overall, the
DVT across South Africa decreased by 0.11 ML-day! per WWTW
+11.73 SD between 2013 and 2021, though this was only based on
the 431 WWTW with comparable data, so the actual value may be
significantly different (Figs 2 and A2; Table 1).

Pietermaritzburg case study

The median inflow in the Darvill WWTW in Pietermaritzburg
increased steadily (LM estimate = 1.38 + 0.16 SE, t = 8.88, p < 0.001)
between 1990 (~47.47 ML-day™) and 2010 (~78.10 ML-day™),

Table 1. Comparison between 2013 and 2021 GD metrics

before declining (LM estimate = —0.57 + 0.28 SE, t = -2.00,
p = 0.073) annually between 2011 (~79.40 ML-day') and 2022
(~75.00 ML-day™) (Fig. 3). Over the period from 1990 to 2022,
Pietermaritzburg has shown a fairly stable trend of increasing
population at ~8 830 people-year! + 6 868 SD (Fig. 3). If the
correlation between the increasing median inflow and increasing
population had been maintained, Darvill would have been expected
to have a median inflow of ~94.66 ML-day™" in 2022, compared to
the actual median inflow of ~75.00 ML-day - a deficit of ~19.66
ML-day™' (Fig. 3).
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Figure 1. A map of South Africa showing wastewater treatment works (WWTW) ranked by colour (showing the Green Drop (GD) distinctions
for dysfunctional and excellent, with poor and moderate categories added) according to their 2021 GD scores (n = 838). The (i) percentage of

WWTW with no data on the daily volume of wastewater treated (DVT),

(ii) percentage of critically dysfunctional WWTW (GD scores < 31%), and

(iii) average GD scores (% out of 100), are summarised for each province and South Africa.
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Figure 2. The changes in the (A) percentage of the designed daily capacity used (DCU; 4 outliers with change in %DCU < —200% and 5 outliers
with this change > 200% are not shown), (B) daily volume of wastewater treated (DVT; 2 outliers with a change in DVT > —50 ML:day~' and one
with a change > 150 ML:day ™" are not shown), and (C) Green Drop (GD) scores, for the wastewater treatment works (WWTW) in each province in
South Africa, and for South Africa (highlighted green), in 2013 compared to 2021. Boxplots show the median, 25" and 75t percentiles, and 1.5 the
interquartile range; zero is shown as a dashed vertical line.
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Figure 3. Graphs of (A) the annual inflow into the Darvill Wastewater Treatment Works (WWTW) in Pietermaritzburg (KZN, South Africa), and (B) a
generalised additive model (GAM; solid line) of the estimated Pietermaritzburg population (dots), as functions of the year from 1990 up to 2022. In
(A), linear models (LMs) of the annual inflow medians as a function of year between 1990 and 2010, and between 2011 and 2022, are plotted (solid red
lines). The LM for the median inflows from 1990 to 2010 is extrapolated to 2022 to show the predicted trend in inflow if the trend prior to 2010 was
continued (dashed red line). Boxplots show the median, 25 and 75t percentiles, and 1.5 the interquartile range; outliers are excluded from the plot.

The percentage of the 18 water quality monitoring sites in the
Pietermaritzburg area that recorded E. coli counts > 10 000
CFU-100 mL™! each week increased over time (GAM estimate =
41.52 £ 0.67 SE, t = 62.37, p < 0.001), rising slowly from the start
of monitoring in 2006 until late 2007, where it stabilised until mid-
2010 before beginning to rise again (Fig. 4). In approximately 2016
the percentage begin to rise steeply, increasing from ~40% of sites
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to ~90% of sites recording E. coli counts > 10 000 CFU-100 mL™*
weekly by the end of 2022 (Fig. 4). This includes sites across the
Pietermaritzburg area, both up- and downstream of the Darvill
WWTW (Fig. Al). The pattern was similar with the percentage of
sites with E. coli counts > 100 000 CFU-100 mL! each week (GAM
estimate = 8.40 + 0.30 SE, t = 27.75, p < 0.001); there was a steady
slow increase (from ~1% on average in 2006 to ~5% of sites by 2012),
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Figure 4. The percentage of 18 river water quality monitoring sites in the Pietermaritzburg area (KZN, South Africa) that recorded Escherichia coli
colony forming unit (CFU) counts > 10 000 CFU-100 mL™" each week as a function (general additive model; GAM) of weekly time intervals between

2006 and 2022.

until approximately 2016, when it began to rise more rapidly
(Fig. A3). By 2022, ~30% of sites were recording E. coli counts
>100 000 CFU-100 mL™ each week (Fig. A3).

DISCUSSION

The generally poor GD scores in all GD assessments to date
demonstrate the dire state of wastewater infrastructure and
governance in South Africa. However, one of the most concerning
trends we show is that the volume of wastewater being treated
across South Africa decreased over time between 2013 and
2021, despite the South African population having increased by
~5.52 million (10%) during that period (World Bank, 2023). The
decrease most likely represents severely failing sewage reticulation
infrastructure, with large amounts of wastewater being produced
but going missing and not reaching WWTW, causing severe
sewage pollution throughout the system. This was exemplified by
our Pietermaritzburg case study, where we estimated a sizeable
~19.66 ML-day™ deficit between the predicted and measured
DVT at the Darvill WWTW in 2022. The deficit was matched
by a considerable increase in E. coli counts in the rivers within
the Pietermaritzburg area. These problems are often not reflected
in the GD scores, which can remain the same or even improve
despite clear issues with treatment deficits. For example, the
Green Drop score for the Pietermaritzburg’s Darvill WWTW was
essentially unchanged, decreasing marginally from 79% in 2013
to 78% in 2021, despite the evidence for declining performance in
the Darvill reticulation network. These serious reticulation issues,
leading to untreated sewage entering water systems directly, is
not adequately captured in the GD framework partly because
holistic site inspections of the ‘entire value chain; including the
reticulation network, are tedious and expensive (Ntombela
et al., 2016). This is exemplified by the fact that only 155 of the
876 WWTW underwent a technical site assessment in the 2022 GD
audit (with only 22 WWTW (14.2%) scoring the >80% required
to have an ‘acceptable level of operational control and functional
equipment’) (DWS 2023a). However, arguably the larger issue is
that reticulation performance is a small and neglected component
of the GD evaluation. This allows a WWTW to achieve a high GD
score through performing acceptably in facets such as financial
and administrative management, while completely neglecting the
infrastructure network. Furthermore, the most recent GD audit
saw a penalisation for poor effluent compliance and for operating
over design capacity, but no penalty for operating below expected
intake volume (DWS, 2022, 2023). Consequently, WWTW may
actually be motivated to not collect sewage if it would take them
over design capacity or create issues with treatment efficiency
resulting in a penalisation.
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The missing wastewater is potentially the most critical
information absent from the GD reports, but it is just one example
of the general problem with data gaps. In 2021, there remained
38 WWTW without sufficient data to generate a GD score at all;
341 (38.9%) WWTW, up from 289 (33.0%) in 2013, did not report
data on their DCU; and <50% of WWTW had DCU data in both
2013 and 2021. These are crucial failures, since management
and remediation interventions cannot begin without adequate
monitoring data, or, where the data are being collected locally,
without efficient systems in place to report on those data and
make them publicly accessible.

Wastewater not reaching WWTW

Based on the DWS (2023a) GD data, only 25% of WWTWs (for
which there are data) were reported to be operating at an acceptable
(50-100%) percentage of their design capacity. Exceeding design
capacity has its own suite of issues, such as poor treatment
efficiency and insufficient infrastructural capacity (DWS, 2023a).
However, WWTW operating far below their design capacity and
showing decreases in their DVT has the more ominous implication
that wastewater is not reaching the WWTW. Decreases in DVT
were common across South Africa. In some cases, such as in
the Western Cape Province, reductions in wastewater could
conceivably be partially related to water restrictions and drought
(Briihl and Visser, 2021; Millington and Scheba, 2021). However,
we suggest that the nationwide reductions are most likely largely
associated with sewage reticulation failures. This is supported by
an increasing national population not being matched by increasing
wastewater treatment volumes. The problem is epitomised by
Pietermaritzburg, where national census data show a 44% increase
in the number of homes with flush toilets connecting to sewers
between 2011 and 2022 (Stats SA, 2022), while Darvill WWTW
showed a decrease in treatment volumes over that period. The
E. coli counts in the watercourses within the Pietermaritzburg
area strongly indicate that large volumes of wastewater are directly
entering freshwater systems untreated, causing pervasive, severe
sewage pollution. This is cause for serious concern regarding the
health and safety of anyone coming into contact with streams and
rivers in the region, as well as imminent ecosystem collapse (Ishii
and Sadowsky, 2008; Price and Wildeboer, 2017; Some et al., 2021).

The problem is likely aggravated by mismanagement and a lack
of maintenance on ageing infrastructure or investment in new
infrastructure (Arumugam et al., 2023; Montwedi et al., 2021). As
stated, the serious issue of reticulation failures is often not captured
by GD scores. Other examples in addition to our Pietermaritzburg
Darvill WWTW case study include the Johannesburg Northern
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Works (South Africa’s largest WWTW by some distance, with a
design capacity of 405 ML-day') which was processing 18% less
sewage in 2021 compared with 2013, but which had an unchanged
GD score, and eThekwini’s Northern Works which was processing
50% less sewage in 2021 than it did in 2013, yet received a GD score
only 2% less than it did in 2013. This is the case at various WWTW
throughout the country, demonstrating a severe shortcoming
of the current GD scoring system for capturing the realities of
wastewater management at a catchment scale.

The consequences of inadequate wastewater monitoring
and management

Health and biodiversity

Poorly treated or untreated wastewater is one of the largest
contributors to disease burden (Jones et al., 2022; Mema, 2010).
Approximately 1.5 million people die annually because of
poor water, sanitation, and hygiene (WASH) (UN Habitat and
WHO, 2018; UNICEF, 2023). Traditionally disadvantaged and
marginalised communities are disproportionately affected because
they are the most likely to be exposed to, and reliant on, surface
water that can become contaminated by wastewater pollution.
However, they have the least access to education regarding, or
facilities to engage in, good hygiene practices (Amoah et al,
2018; Lee et al, 2023). Consequently, developing nations are
where the majority of the deaths, of which approximately 400 000
are children, occur annually because of water-borne diseases
(UNICEEF 2023; WHO, 2023).

Ultimately, if wastewater contamination of water resources
surpasses critical thresholds, it can cause ecosystem collapse,
jeopardising not just the natural biodiversity, but the human
socio-economic systems that depend on those ecosystems (Jones
et al., 2022). It was interesting that our data showed that E. coli
counts > 10 000 CFU-100 mL™" in Pietermaritzburg appeared to
increase several years before the sharp rise in counts > 100 000
CFU-100 mL™. This may provide empirical evidence for the
concept of thresholds for significant deterioration in ecosystem
function and self-regulation (Liu et al., 2015; Wagenhoft et al.,
2017). This warrants further study. However, generally the threat
of imminently crossing thresholds of ecosystem collapse makes
addressing wastewater issues a priority for just transitions and
environmental justice (Lee et al.,, 2023), as well as critical to
achieving the SDGs (Tortajada, 2020).

Water stress

Water stress in South Africa is growing because of climate change
and increasing demand (Rebelo et al., 2021). This is aggravated
by poor wastewater management, which makes wastewater
significantly more challenging to re-use and contributes towards
contamination of high-quality water sources and the associated
ecosystems (Montwedi et al., 2021; Tortajada, 2020; M. Wang
et al., 2024). Notably, while water scarcity is generally considered
from a quantity perspective, poor water quality can contribute
significantly to ‘clean-water scarcity’ as per SDG 6 (Liu et al., 2017;
M Wang et al., 2024). Reducing water stress requires efficiently
reticulating and treating wastewater. The most recent formal
estimate (2009) showed that approximately 14% of South Africa’s
potable water supply already comes from recycled wastewater
(Dungeni et al., 2010).

If properly treated, recycled wastewater can be used for drinking
supply (Tortajada and Van Rensburg, 2020). The requirements
for treatment to suitable standards for use in agriculture (which
accounts for >60% of annual freshwater use in South Africa) are
considerably less stringent, increasing potential utility (Edokpayi
etal,, 2020). There is also a case for using wastewater as a source of
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renewable energy (Zvimba et al,, 2021). Extracting energy during
processing could reduce the energy and cost burden of wastewater
management, a sector which accounts for up to a quarter of
municipal energy usage (Montwedi et al., 2021).

Financial burden

South Africa has reported that it has less than 50% of the financing
required to meet WASH targets, with WASH spending already
constituting 1.88% of the annual gross domestic product (GDP)
(WHO, 2023). However, the failure to invest in WASH ends up
costing more than it saves. The costs start, most importantly, with
the loss of human lives (Keshaviah et al., 2023). However, there
are also substantial financial costs. DeFlorio-Barker et al. (2018)
and Collier et al. (2021) conservatively estimated that in the
United States of America (USA) the direct health-related annual
economic burden of some waterborne diseases was 2.2-8.7
billion USD. This may be significantly higher if all WASH-related
illnesses and the associated missed work are accounted for.

Approximately 33% of South African government expenditure
is on the healthcare sector, the second highest expense after
education (Stats SA, 2020). It is likely that a considerable
portion of this money is being spent on preventable WASH-
related illnesses. The financial loss is also compounded by the
fact that the money spent on avoidable healthcare costs is being
taken away from investment in other sectors, slowing economic
growth (Naidoo and Olaniran, 2014). Beyond healthcare costs,
compromised freshwater threatens industry, commerce, domestic
populations, and agriculture reliant on access to safe water (Iloms
et al., 2020). Threats to agriculture are particularly important,
since agriculture contributes up to 30% of the South Africa’s GDP
(Bonthuys, 2018). Poor wastewater management also increases
the costs of treating and supplying clean water, a necessary cost
that would offer significant savings if minimised.

The 2023 GD Assessment Report

The most recent GD report (DWS, 2023a) highlighted that the
wastewater situation had deteriorated across almost all sectors
compared to 2021. Perceptions of water service delivery, including
sanitation, have also declined consistently over the past decade,
with dissatisfaction the highest it has been since monitoring
began (Slabbert, 2022). Approximately half of users in urban
areas in South Africa believe that their municipality rarely or
never attends to water and sanitation issues, including broken and
leaking pipes, or sewage spills (Slabbert, 2022). The GD statistics
showing the poor state, including some comparisons to previous
reports, are available in the latest publicly accessible report (DWS,
2023a). Some statistics on missing data and treatment volumes
are worth highlighting: (i) despite the fact that it is mandated,
30% (n = 263) of WWTW did not have registered information
on what wastewater treatment systems they use, (ii) only 25%
(n = 219) of WWTW were reported to be operating at an
acceptable hydraulic capacity (50-100% DCU), with 7% (n = 61)
providing no information on the design capacity of the facility,
and (iii) alarmingly, 43% (n = 377) of WWTW reported having
no maintenance teams in place whatsoever. Data gaps make it
impossible to determine if the treatment processes are appropriate
for the catchment being serviced, to estimate if the volume treated
(even if it were measured) is above or below the design capacity,
or to identify potential issues.

Addressing wastewater issues

Addressing the drastic wastewater problems requires a range
of remediation efforts, including investment in new WWTW
infrastructure (e.g., decentralised treatment closer to source such as
constructed wetlands) and maintenance of existing infrastructure

83



(Arumugam et al,, 2023), reducing waste production (Jones et al.,
2022), and implementing changes in governance and accountability
throughout the management hierarchy (DWS, 2023b; Lukat et
al,, 2022; Montwedi et al., 2021). The typically low-priority status
given to the wastewater management sector needs to change to get
the attention and resources it needs to avoid impending disaster
(Edokpayi et al., 2020; Omohwovo, 2024).

Reinstating the GD assessments is a critical step towards
addressing the wastewater crisis in South Africa. We now know
that there was considerable deterioration during the interim
period in which GD monitoring was halted - knowledge that
is imperative for developing solutions (Ighalo and Adeniyi,
2020; Keshaviah et al, 2023). However, there are still many
gaps in knowledge regarding design capacities, treatment
volumes, and the efficiency of the sewage reticulation networks.
Improving and upscaling the technical site assessments within
the GD framework, used to inform the new ‘very rough order
of measurement’ (VROOM) model for estimating maintenance
and refurbishment costs (DWS, 2023a), is essential for improving
wastewater management. This study clearly indicates that the
technical site assessments require a much stronger focus on sewage
reticulation. The performance of a WWTW is almost irrelevant if
the sewage does not reach it in the first place, demonstrated by the
unchanged GD scores for WWTW with severe reticulation issues
discussed here. It is essential that monitoring happens at a much
finer resolution, both temporally and spatially, than currently
conventionally possible. There is strong potential for citizen
science, or community-based monitoring, to aid in generating
the monitoring data required to begin improving wastewater
management (Quinlivan et al., 2020a,b; Warner et al., 2024). Tools
such as the mini stream assessment scoring system (miniSASS)
(Taylor et al., 2022), clarity or transparency tubes (Graham et al.,
2024), or smartphone applications (Pattinson et al., 2023) can be
invaluable augmentations to routine monitoring as first-order
indications of problems related to wastewater reticulation and the
performance of WWTW. Moreover, community involvement in
water resource monitoring, and science more broadly, assists with
environmental education and awareness, helping meet SDG 6
(Iroegbu et al., 2020; Quinlivan et al., 2020b).

CONCLUSIONS

Many countries, especially in the developing world, suffer
from dysfunctional or corrupt governance, poor or outdated
designs, inadequate monitoring, and a lack of well-maintained
infrastructure (Biittner et al., 2022; Edokpayi et al., 2020; Ighalo
and Adeniyi, 2020). It is estimated that 80-90% of wastewater in
the developing world enters natural waterbodies insufficiently
treated (AfDB et al., 2020; Jones et al., 2021; UN Habitat and
WHO, 2018). There is clearly a need for just transitions to a circular
economy and sustainable water resource management practices
(Swilling, 2020; UNEP et al., 2010). To uphold its Constitutional
right to sufficient and clean water, South Africa now finds itself
attempting to remedy a human and ecological disaster. Proactive
monitoring will enable an adaptive management response.
However, monitoring must reflect the adequacy of wastewater
treatment and whether wastewater reaches WWTWs, with
the latter overlooked in the current GD assessment system.
Turnaround will require significant political will and leadership.
Presently, the GD system is incentive based, which appears
inadequate to motivate proper performance. Penalties may be
required to get the responsible authorities to address wastewater
issues. Ultimately, improved wastewater management will save
money, conserve water, decrease water scarcity, enhance water
security, reduce disease burden, and improve the health of
South Africa’s people and freshwater ecosystems (Donnenfeld
et al,, 2018; Jones et al., 2022; Lukat et al., 2022). The same goes
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for countries worldwide: improving wastewater management is
necessary to achieve the SDGs, ensuring safe and secure access to
clean water and proper sanitation for all.
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APPENDIX

Supporting information: methods
Data availability: Pietermaritzburg case study

Inflow data for the Darvill WWTW and Escherichia coli data ~ management forum reports and used with permission from
from the 18 river monitoring sites in Pietermaritzburg (Fig. Al;  Umgeni Water who collect the data as part of DWS-mandated
Table A1) were publicly available within monthly catchment  monitoring.
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Figure A1. Map showing the Escherichia coli monitoring sites within the Pietermaritzburg city area, South Africa. Land use classes are shown to
indicate potential diffuse domestic sources of wastewater pollution within the system.

Table A1. Location data for the 18 river water quality monitoring sites monitored by Umgeni Water in the Pietermaritzburg area, KwaZulu-Natal
(KZN), South Africa

Site code Location Latitude (°S) Longitude (°E)
RMDO006 Duzi River: Caluza 29.645075° 30.310656°
RMD007 Duzi River: Below KwaPata 29.644242° 30.340752°
RMDO008 Duzi River: Edendale Weir 29.631200° 30.353087°
RSLOO3 Slangspruit: Weir 29.641555° 30.365416°
RMDO11 Duzi River: Camps Drift 29.621926° 30.376646°
RMDO013 Duzi River: Upstream of Dorpspruit / Boshoff St Bridge 29.606281° 30.391435°
RDS003 Dorpspruit: Polofields 29.588473° 30.380889°
RDS004 Townbush stream 29.588246° 30.381000°
RDS005 Dorpspruit: Alternate point 29.597505° 30.399977°
RMDO14 Duzi River: Upstream of refuse site on Woodhouse Rd 29.602258° 30.413293°
RMDO015 Duzi River: Upstream of Darvill WWTW 29.602980° 30.424991°
RMDO016 uMsunduzi River: Upstream of Baynespruit 29.596668° 30.434497°
RBS001 Baynespruit: Greytown Road 29.575267° 30.409972°
RBS002 Baynespruit 29.588647° 30.414107°
RBS003 Baynes: Sobantu 29.592850° 30.422222°
RMDO017 uMsunduzi River: Darvill downstream Baynespruit 29.596880° 30.439121°
RMDO018 Duzi River: Downstream of Darvill 29.599283° 30.443437°
RMDO019 Duzi at Motor-X weir 29.607553° 30.450130°
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Supporting information: results

The average percentage of the DCU was similar in 2021 (79.4% +
59.8 SD) compared to 2013 (80.3% + 46.6 SD; Fig. A2). In total,
212 (49.2%) of the 431 WWTW with comparable data showed
decreases in their DVT between 2013 and 2021 (Fig. A2). Overall,
the DVT across South Africa decreased by 0.11 ML-day™ per
WWTW + 11.73 SD between 2013 and 2021, though this was
only based on the 431 WWTW with comparable data, so the
actual value may be significantly different (Fig. A2).

The percentage of the 18 water quality monitoring sites in the
Pietermaritzburg area that recorded E. coli counts > 100 000
CFU'100 mL™' each week showed a steady slight increase
(from ~1% on average to ~5% of sites by 2012) from 2006 until
approximately 2016, where it began to rise more rapidly (estimate
8.40 £ 0.30 SE, t = 27.75, p < 0.001; Fig. A3). By 2022, ~30% of
sites were recording E. coli counts > 100 000 CFU-100 mL™" each
week (Fig. A3).
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Figure A2. A map of South Africa showing the (i) number of wastewater treatment works (WWTW), (ii) number of WWTW with comparable (2013
and 2021) designed daily capacity used (DCU) data, and (iii) number and percentage of WWTW with daily volume of wastewater treated (DVT)
reductions from 2013 to 2021, for each province in South Africa, and the whole of South Africa. Pie charts show the percentage of WWTW in each
province (highlighted grey) and in South Africa (highlighted green) with reductions in DCU from 2013 to 2021, compared to those that were

stable or increased their DCU over that period.
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Figure A3. The percentage of 18 river water quality monitoring sites in the Pietermaritzburg area (KZN, South Africa) that recorded Escherichia coli
(E. coli) counts > 100 000 CFU-100 mL™" each week as a function (general additive model; GAM) of weekly time intervals between 2006 and 2022
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