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Appendix 1: Reviewer 2's comments on manuscript (Round 1)

THE ECONOMIC VALUE OF NUTRIENT CYCLING IN THE SWARTKOPS AND SUNDAYS
RIVER ESTUARIES

Abstract

Nutrient cycling, a fundamental ecological process, impasts-direstly-en-directly impacts the
health and functionality of marine environments and plays a pivotal role in maintaining water
quality and supporting diverse marine life and human health. To date, there has been no
ecosystem service valuation assessment for nutrient cycling in South Africa, mainly due to
scarcity of nutrient cycling capacity measurements. This necessitates reliance on data transfer
valuation techniques that can produce misleading valuations. Given the similarity between
estuary nutrient cycling processes and wastewater treatment works processes, as well as the
relative abundance of published data on the cests-ef-the-latterlatter's costs, the latter can be
used as a proxy for the former. Cost and efficiency data for wastewater treatment works in
Algoa Bay is-are sourced along with the published dissolved inorganic nutrient concentrations
measurements in the Sundays River and Swartkops estuaries. The value of nutrient cycling in
the Swartkops estuary has increased by about 1330% from US$433 559 in 1994 to US$6.66
million in 2022, but declined in the Sundays River estuary from US$1.57 million to about
US$433 559 over the same period. This translates to US$10 625/ha for the Swartkops estuary
when using the smallest area denominator and US$7 049.57 for the Sundays River estuary.
These estuaries are—offsettingoffset the need for capital investment of these magnitudes,
reflecting their importance and need for continued restoration and conservation.

5 Few published valuations of the benefit
of nutrient cycling in South African estuaries exist. An estimate is provided using the
Sundays River and Swartkops estuaries as examples.

Significance:

Keywords: ecosystem services, nutrient cycling, Swartkops estuary, Sundays River estuary,
waste water treatment works
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Introduction

Estuaries are dynamic environments characterised by fluctuating water levels, tidal flows and
seasonal variations in temperature and salinity. They are located at the interface between
freshwater and marine environments." This makes estuaries unique and highly productive,
sustaining life while providing valuable goods and services.? Estuaries are among coastal
ecosystems with the highest economic values en—a-per-hectare-basis,—in-seocial-ecological
systems,—providing—beth—on a per-hectare basis, in social-ecological systems, providing
intrinsic and extrinsic values.®> The global average value of coastal systems, including
estuaries, was estimated to be R251 065/ha (US$36 026/ha) in 2020 prices.* These high
values can be attributed to ecosystem services such as nutrient cycling, recreation, food
production and storm protection.*®

Given the vibrant and dynamic nature of estuaries;—aleng-with_and their scenic beauty and
productivity, it is no surprise that they attract tourism, settlement and economic activities.
Consequently, human activities have a significant impact on the ability of estuaries to provide
ecosystem services, both globally and in South Africa.'®"! Population growth, urbanisation and
industrial expansion near estuaries generate wastewater, often leading to contamination with
raw sewage.'® Despite the presence of wastewater treatment works (WWTWSs), these facilities
are often overwhelmed, resulting in inadequately treated effluents being discharged into
estuaries and coastal waters.?

INCreases the-teveis-o+d oivea+Hno phospha B and-d SRLoenoras g
{DIN)dissolved inorganic phosphates (DIP) and dissolved inorganic nitrogen (DIN) levels.™
Elevated concentrations of DIP and DIN, along with factors including elevated temperature
and water column stratification, contribute to the growth of harmful algal blooms (HABs) and
worsen hypoxic conditions.'® These blooms, often involving cyanobacteria, produce toxins
that are harmful to humans.'? High levels of these inorganic nutrients in estuaries can lead to
oxygen depletion in coastal waters, causing marine life die-offs.'®'” This environmental
damage negatively impacts the economic value of these ecosystems, ' as illustrated in Figure
1.

Waste stream
Human activity DIP & DIN
? &
N\
Economicvalue &— — — — l

ﬁ Nutrient cycling

Figure 1: An illustration of the interaction between effluent waste streams, nutrient
levels, nutrient cycling and economic value in an estuary: 1) Increased human activity
leads to an increase in effluent waste streams, which 2) leads to an increase in DIP and
DIN concentration levels, which 3) has a detrimental impact on the economic value of
the other ecosystem services humans enjoy from an estuary, but 4) the DIP and DIN
levels are ameliorated through the process of nutrient cycling, which 5) increases the
economic value of the ecosystem and the services it renders. The net effect of the waste
stream on the prolonged level and type of human activity depends on the balance
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between the waste stream and the ability of the system to render the DIP and DIN
concentrations harmless.

In an estuary, nutrient cycling removes constantly high, dangerous and unsustainable nutrient
loads. It refers to the transfer of organic and inorganic matter into an estuary and their
conversion into the production of living biota. The cycling of nitrogen and phosphorus
facilitates primary productivity, which forms the base of the food web. This process ensures
that essential nutrients are available for various trophic levels, from phytoplankton to higher
marine organisms. A balanced concentration of nutrients is required to sustain the estuary and
will ensure the health of coastal ecosystems.?

human—weu—bemg—ﬁ—essenfealReqular assessments of the|r contnbutlon to human WeII belnq
are essential to appreciate the importance of nutrient cycling. Sadly, assessments are rare as
they are complex and require, among others, analyses of plants, soil and animals in an estuary
and their response to these nutrients.?® Nutrient cycling in—cembination—with—economic
valuation—is—even—more—rarecombined with economic valuation is even rarer due to the

obscured relatlonshlp between |ndustry and estuary nutrlent cycllng Ihemurs—feeexampl&

whe—For example very few people who studv the resplrat|on rates of micro-organisms in
estuary mud deposits would consider the economic value of these rates. Conversely, those
who conduct economic valuation assessmenrt-assessments of ecosystem services typically do
not possess the skill to measure nutrient cycling.

This paper seeks to address this knowledge gap of the economic value of nutrient cycling of
estuaries by combining various forms of data that-is-available for two estuaries in Algoa Bay,
South Africa. This is because nutrient cycling in estuaries fulfils much the same function as
WWTWs. Both seek to reduce DIP and DIN concentrations of the body of water itcentainsthey
contain. From an economic perspective, cost and efficiency data for WWTWs are much more
readily available than biological measurements of nutrient cycling capacity. Based on these
costs, it is possible to present an estimate of the economic value of nutrient cycling in
estuaries.

Background

Ecosystem service valuations for estuaries

The economic valuation of estuarine ecosystem services has garnered significant attention
due to the critical role these ecosystems play in providing recreational opportunities,
supporting biodiversity and offering other ecological benefits. In South Africa, there is a deficit
of published studies on the economic value of estuaries compared to elsewhere in the world.®
Most of the studies that have been conducted have focused on water quality, water inflows,
and recreational or recreation-related services.

Du Preez and Hosking?' valued the Klein and Kwelerha estuaries, using the travel cost
method, and found an increase in recreational value of freshwater |nflow for both estuarles

Magobiane?? revealed that recreational users :

onhighly valued improvements in water quality at the Swartkops estuary. Sale et al.®
documented the economic value of recreational services at the Kowie and Kromme estuaries
for increased freshwater inputs. Lee et al.?* used questionnaires on the Sundays River estuary
to determine the-willinghess-to-pay-(\WTFP)-of recreational-usersrecreational users' willingness
to pay (WTP) for various ecosystem services. In a related study, Lee and Du Preez?® explored
the issue of boat congestion at the Sundays River estuary. Further emphasising the impact of
congestion, more studies by Lee et al.?%" reported that users were prepared to pay more per
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year during peak hours to mitigate overcrowding effects. However, Turpie and Clark?® provide
the most comprehensive valuation of South African estuaries. They valued various ecosystem
services such as subsistence, property, tourism, nursery, and existence services, with the
notable exception being nutrient cycling.

Globally, various studies concerning the economic value of nutrient cycling have been
conducted, but mostly in developed countries. The socio-ecological factors influencing
estuaries are completely different in those countries te-that-of-a-developing-countrythan in
developing countries like South Africa. Within the legal, institutional and social context of the
UK, for example, the value of nutrient cycling is estimated to be R4 039 455/ha (US$579
632/ha).?° Within the Dutch context, it is estimated to be R18 545/ha (US$2 661/ha).?’ These
European studies were conducted in two geographically proximate countries. This revealed a
substantial disparity of over R4 million (more than US$216 000 using an average 2023
exchange rate of 1 USD = 18.4519 ZAR) in the valuation of nitrogen and phosphorus removal
services.?2?° This discrepancy underscores the nuanced nature of ecosystem service
assessments and emphasises the need for meticulous consideration of regional variations
and methodological intricacies.

Despite the vast contextual differences, these global assessments are, unfortunately, all we
have to date with-respecttoconcerning this important ecosystem service. Data transfer is the
technique of importing values from elsewhere into a local context. The wide range of values
derived from data transfer for ecosystem services presents significant challenges, particularly
for crucial services such as nutrient cycling, where economic valuation studies are scarce.
Limited data availability can lead to uncertainty and variability in the estimated value of
ecosystem services, hindering decision-making processes. Without comprehensive studies,
there is a risk of oversimplifying complex ecological processes or overlooking critical factors
that—influenceinfluencing nutrient cycling dynamics. Such findings highlight the inherent
challenges in deriving accurate and comparable values for ecosystem services, even in
seemingly similar contexts. Therefore, addressing the challenge of insufficient data in areas
like nutrient cycling is essential for improving the accuracy and reliability of ecosystem service
assessments.

The Swartkops and Sunday River estuaries

Table 1 provides—a-deseription-efdescribes the Swartkops and Sundays River estuaries in
terms of habitat types. Each ecotype will facilitate nutrient cycling to a different extent. To
measure the capacity of an estuary for nutrient cycling from first prineipals—principles will
require extensive study and data collection from each ecotype, interactions between habitat
types and the contribution of each ecotype to nutrient cycling. Within an ecotype, capacity for
nutrient cycling will be further differentiated based on the resident flora and fauna, climate and
ecosystem condition. Consequently, comparing values across different studies, areas, and
ecotype classification often results in a wide range of estimates (Table 2). For example, using
area 1 and based on Bonhke-Hendricks and De Groot? the estimated economic value of an
estuary is R27 million (US$4.1 million), but using Watson et al.?® the value is R375 million
(US$55.9 million). This highlights the need for estuary studies to be conducted at a local level
to accurately account for site-specific characteristics and complexities.

Table 1: Combined areas of Swartkops and Sundays River estuaries for different habitat types

Area | Total | Swartkops | Sundays Habitat types included
area (ha) (ha)
(ha)
1 603 358 245 Open water
2 691 630 61 Salt marshes, reeds and sedges, submerged
macrophytes




3 1294 988 306 Areas 1 and 2 combined

4 845 750 95 Salt marshes, reed & sedges, submerged macrophytes,
sand- and mudbanks

5 1908 1245 663 Open water, salt marshes, reeds and sedges, sand- and
mudbanks, terrestrial vegetation, flood plain, and beach
and dunes

6 2 168 1460 708 Open water, salt marshes, reeds and sedges, sand- and
mudbanks, terrestrial vegetation, flood plain, beach and
dunes

173  Source: Based on the classification of Algoa Bay Project®

174




175
176
177
178

179
180
181

182
183
184
185
186
187
188
189
190

191

192

193
194
195
196
197
198
199

00
201
k02
203
ko4

Table 2: The range of values for estuarine ecosystem services based on data transfer,
demonstrating how different classifications and uses of areas can influence the value of these

services

Study Turpie & Clark?® Bo6hnke- Watson et al.?®
Henrichs & de
Groot?
Area 1 ha 603 603 603 603
Value R51 452 551 R77 178 826 R27 428 592 R104 325 358
1 (US$2 788 756) | (USS$4 183 134) | (US$1 486 644) | (US$5 654 490)
Area 2 ha 691 691 (61+630) 691 (61+630) 691 (61+630)
Value R35 360 000* R53 040 000* R31 415 333 R119 489 033
2 (US$1916 333) | (US$2874500) | (US$1702552) | (US$6 475 703)
Area 3 ha 1294 1294 1294 1294
Value R86 810 192 R130 215 288 R58 844 783 R223 817 657
3 (US$4 704 674) (US$7 057 012) | (US$3 189 090) | (US$12 129 789)
Area 4 ha 845 845 845 845
Value R45 392 544 R68 088 816 R38 436 950 R146 195 936
4 (US$24 600 477) | (US$3 690 070) (US$2 083 089) | (US$7 923 083)
Area 5 ha 1908 1908 1908 1908
Value R150 825 484 R226 238 226 R86 793 065* R330 119 672*
5 (US$8 173 981) | (US$12 260 971) | (USS$4 730 746) | (US$17 890 822)
Area 6 ha 2168 2168 2168 2168
Value R166 549 212 R249 823 818 R98 628 005 R375 134 171
6 (US$9 026 128) | (US$13 539 192) | (US$5 345 140) | (US$20 330 381)

* The underlined and highlighted values indicated the value in the database.®'
*1 USD = 18.4519 ZAR

Reliance on data transfer is preferable to no-valuation;-but-always-less-desirable-to-valuation

locally sourced data. However, severe limitations in research capacity, funding, and data
availability make a detailed measurement of nutrient cycling in the Swartkops and Sundays
River estuaries unfeasible. This study, therefore, seeks to address the gap in knowledge
regarding the economic value of nutrient cycling in estuaries by combining various forms of
available data. We turn to this next,

Methods

Measure of nutrient cycling

A database is constructed from studies between 1994 and 2022 reporting average dissolved
inorganic phosphorus (DIP) and dissolved inorganic nitrogen (DIN) concentrations in the
Swartkops and Sundays River estuary heads and mouths. Average concentrations are
preferred to median concentrations only because ioRsmore
average concentrations are reported than median concentrations. In total, 12 average DIP and
DIN cencentrations-concentration values were sourced for the Swartkops River estuary head,
and 5| for the Sundays River estuary head (Annexure 1). Over time, 3-three observations for

the average DIP and DIN concentrations were sourced for the Swartkops River estuary mouth,
and 4-four for the Sundays River estuary mouth (Annexure 2). The resulting dataset is

incomplete (missing years) and reported in different units (e.g. uM, mg/litre, kg/annum). The

exact sampling locations at estuary heads and mouths also differ among these studies. The
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number of samples over which averages are calculated, and the time of the year in which
sampling was completed, also differ.

The database consists of eight time| series, namely: i) DIP Swartkops head, ii) DIP Swartkops

mouth, iii) DIN Swartkops head, iv) DIN Swartkops mouth, v) DIP Sundays River head, vi) DIP
Sundays River mouth, vii) DIN Sundays River head, and viii) DIN Sundays River mouth. For
each time series, annual nutrient loads in kg of DIN (NOs” + NOz and NH4*) and DIP were
calculated with assumptions of average molar mass and mean annual runoff data (see
Equation 1 with respect to DIP; a similar equation applies with respect to DIN). This requires
converting all reported average concentrations into the same unit, namely yM — the commonly
reported unit of average concentrations. Once converted, the difference between the
concentration measured at the head and that measured at the mouth is calculated. By applying
the average molar mass (per nutrient type), we calculated the g/litre, which is subsequently
converted to kg/litre (-by dividing by 1 000), removed between the estuary head and its mouth
for DIP and DIN and-per estuary. By multiplying this bywith the mean annual runoff (MAR) in
litre, WT estimated the kg nutrient passing into the estuary and towards its interface with the
ocean.

(DIP% Heud—DIP#Mouth) Molar Mass P
*
106 1000

Kg DIP removed = * MAR(D) ..... 1

Each of the eight series is plotted-and-the-bestfit-curves-were-estimated-through, and the
best-fit curves were estimated using the available data points (Annexure 3). These curves are
used to simulate the calculated flow of nutrient concentrations over the past 18 years based
on the reported averages.

Economic valuation of nutrient cycling

Algoa Bay has several wastewater treatment works (WWTW) with information about their
operating (OPEX) and capital (CAPEX) costs, their treatment capacities and the
concentrations of DIP and DIN found at their in-andin- and outlets.'® %% Data on the
concentration of DIP and DIN of wastewater entering a particular WWTW, the amount of
wastewater treated, and the concentrations of DIP and DIN of treated wastewater at outlets
are also available. These concentrations and treated amounts vary over time based on the
efficiency of the WWTW as well as the socio-economic development trajectories of its location
(how many housing units are connected vs. unconnected to sewage system, how many people
per housing unit, how many housing units per square km, how many industries, etc.).

In Annexure 4, the average kg/ml nutrient removed as reported by Lemley et al."® fell from 37
kg/ml pre-2013 to 26 g/ml post-2013 for data observed between 2009 and 2017. Alinear curve
was fitted to the pre-2013 and post-2013 average values. The OPEX and CAPEX costs®
(reported in R/Kkl) are converted to R/ml and divided by the average nutrient removed. This
gives a time series of the cost of removing a kg of DIP and DIN using WWTW in Algoa Bay.
By subtracting the concentration of wastewater leaving the WWTW from that entering,
multiplying this concentration by molar mass and total annual water treated figure, a kg
phosphate or nitrate removal value is calculated; it is a similar calculation to Equation 1, only
using the total water treated instead of MAR. Since it is known how much it cost to treat a
kilolitre of water, how much water is treated by a typical WWTW and how much nutrient is
removed, it is possible to calculate the unit cost for removing a kg of pollutant (see Equation
2 with-respest-tofor DIP, but the same applies for DIN).

R R

= /G

KG DIP removed | treated

KGDIPin  KG DIP out
ltreated ltreated
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By applying this cost to remove a kg of pollutant via WWTW to the kg of pollutant removed by
the estuary, a value for the work done by the nutrient cycling ecosystem service of the
Swartkops and Sundays River estuaries was constructed. This

ofestimate uses the operational costs of WWTWs to calculate how much it would cost society
to do the amount of work the estuary is doing regardlng nutnent cyclmg—hew—mueh—n—wealel

The value of nutrient cycling has been estimated by applying the change in the DIP and DIN
concentration levels given in Annexures 1-3 and illustrated in Figure 1 using the cost of
treatment as per Annexure 4 in-accordance-withfollowing Equation 2. If manufactured capital
had to be used to remove the nutrients from the estuary, it would have cost society
approximately R38.4 million (US$2.08 million using an exchange rate of 1 USD = R18.4519)
in 1994 and increased to R131.4 million (US$7.12 million using an exchange rate of 1 USD =
R18.45.19) in 2022 (Table 3; Figure 2). This is abeut-approximately the same as the upper-
bound estimate for Area 3 according to Turpie and Clarke?® (see Table 2).

The increase over time, however, is not uniform between the two estuaries. The value of
nutrient cycling in the Swartkops estuary has increased considerably from R8.6 million
(US$433 559) to R123.4 million (US$6.66 million) but declined in the Sundays River estuary
from R29.9 million (US$ 1.57 million) to about R7.9 million (US$ 433 559) using an exchange
rate of 1 USD = 18.4519 ZAR.

Table 3: The economic value of nutrient cycling by the Swartkops and Sundays Rivers
estuaries

Year Swartkops River Sundays River estuary Total
estuary R mill R mill
R mill
1994 8.6 29.9 38.5
2001 3.5 29.2 32.6
2002 3.9 26.1 30.1
2003 4.8 234 28.2
2013 36.1 8.8 44.9
2018 74.2 7.2 814
2019 84.7 7.2 91.9
2020 96.1 7.3 103.4
2021 109.5 7.6 117.2
2022 123.4 7.9 131.4
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286  Figure 1: The Swartkops and Sundays River estuaries (highlighted in blue) and box and

|287 whisper-whisker diagrams indicating the spread of DIP and DIN concentrations over time.

288  The whisker indicates the spread between the minimum and maximum values, the top of the
89  box indicates the guartile-3-value-whereas-the-bottom-of the-bexreflects-third quartile value;
90  whereas-the. In contrast, the bottom of the box reflects the first quartile-+. The mean-s

91  indicated-by-the horizontal line through the box_indicates the mean.
292  Sources: Annexures 1 and 2
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Discussion

Changes in the concentration levels of DIP and DIN

There is a rich history of reporting DIP and DIN concentrations in the Sundays River and
Swartkops estuaries. By viewing a time series of these reported values, both estuaries provide
essential ecosystem services by lowering nutrient concentrations and contributing to nutrient
cycling (Annexures 1 and 2). Given a constant value for mean annual runoff, the resulting
nutrient load of DIP at the Swartkops estuary head grew by about 1_400% between 2022
(101.4 pM/l) and 1994 (6.8 uM/l). The—recorded—DIP—atthe—estuary—mouth—was;
hewever,However, the recorded DIP at the estuary mouth was only marginally higher (1.2 uM/I
compared to 0.8 uM/I). The recorded DIN at the head has likewise increased by about 750%
from 30.9 uM/I to 262.1 uM/I, while the load recorded at the mouth has decreased from 27.6
puM/I to 2.97 uM/I. For the Sundays River estuary, the DIN at the head has fallen from 72.7
MM/lin 1994 to 7.1 uM/l, and the concentration present at the mouth declined from 29.6 uM/I
to 5.4 uM/I. DIP increased by 400% at the head from 0.6_uM/I to 3_uM/l, while at the mouth it
increased by almost 590% from 0.4 pM/I to 2.754 puM/l (Annexures 1 and 2). Considered
together, these changes in the DIP and DIN concentrations suggest that both estuaries are
cycling much more nutrients. Changes in DIP indicates changes in industrial processes,
notably affecting the Swartkops estuary severely with an increase of 1.400%, while changes
in DIN indicates changes in agricultural processes. Notably, the DIN for the Sundays River
have declined by 90%.

There are three possible non-mutually exclusive explanations for the reduction in nitrate
nutrient loads in the Sundays River estuary since 1994. The first is that agricultural legislation
became stricter, and its enforcement caused tess-fewer agricultural pollutants to find their way
into the river. The second is that the Orange-Fish-Sundays River water scheme is affecting
the amount of water flowing in the river, which may lower the pollutants and thus, the value.
The increases in DIP concentrations in the Swartkops estuary is-are mest-probably due to the
expansion of industry and informal settlements in Ggeberha. The third and final explanation is
that the growth in conservation activities, particularly the continual expansion of Addo Elephant
National Park andas-well-as- the declaration in 2018 of a Marine Protected Area, ¢ has affected
the extent to which pollutants enter these river systems and subsequently, the marine
environment.

The economic value of nutrient cycling

Under ideal circumstances, the valuation of nutrient cycling in estuaries would require multi-
year median concentrations of DIP and DIN derived from many annual samplings at locations
in the estuary head and mouth that would be regarded as ecologically equal (estuaries change
and move over time). In addition, the change in the cost of removing nutrients from wastewater
(R/kg removed) due to expanding populations, changes in industry and management vectors,
regular wastewater concentrations of DIP and DIN entering WWTW and leaving WWTW at
outlets, along with fluctuating WWTW throughput volumes, would also be needed. Due to
resource and capacity constraints, these estimates, properly sourced and archived in an easy-
to--access central and open database, are not available. We thus must revert to alternative
methods. These methods are either the use of data transfer, importing values from other
studies, or the use of limited data pertaining to DIP and DIN concentrations as is.

In the valuation presented in the paper, a ha of Swartkops estuary (area 1 as per Table 1)

gives society an annual benefit of R196 068 (US$10 625) and a ha of Sundays River estuary
(area 1 as per Table 1) provides society with an annual benefit of R130 078 (US$ 7049.57)
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using an exchange rate of 1 USD = 18.4519 ZAR. The change in valuation over time is
dramatic, reflecting changes in WWTW efficiency, economic development and population
growth, but includes conservation efforts, the adoption of environmentally-friendly agricultural
practices and regulation upstream, as-well-asand water transfer schemes.* Irrespective of
these changes, the available data indicate the sizable contribution of the estuaries pertaining
teof nutrient cycling services. In 2022, it would have cost society R131.4 million to remove the
nutrient load through WWTWs.

Conclusion

Ecosystems render services that-havewith economic value, such as nutrient cycling, that are
often underappreciated because their economic contributions are not made explicit due to
significant complexities. Making these values explicit; is important to mobilise resources
towards the protection, conservation and restoration of ecosystems to enhance the
capabilities—thereoftheir capabilities to perform their functions. Robust nutrient cycling
valuations can support the development of evidence-based policies {o aimed-at reduceing
nutrient pollution and enhancing ecosystem services. Policymakers can use these valuations
to justify the implementingatien-ef regulations and initiatives that protect and restore estuarine
environments.

According to the data transfer method the range of nutrient cycling is very large, ranging
between R27 million (US$1.46million) and R375 million (US$20.32 million) (both using an
exchange rate of 1 USD = 18.4519 ZAR) pending the source, the valuation method and the
area over which the unit values are applied. This broad range, while useful, introduces too
much uncertainty and have-has little value from a planning perspective. Even within a data-
poor and resource--constraint context, it is possible to use the data available to estimate the
budget required if WWTWSs were used to remove the same amount of nutrients. This estimate,
albeit net-imperfect, is considered more reliable since it usesis-using locally sourced data.
Also, since the cost and efficiency data for WWTW is-are more readily available and nutrient
concentrations at estuary heads and mouths are more easily measured, additional estimates
in other estuaries are feasible. Within this case, the value of the nutrient cycling services of
the Swartkops and Sundays River estuaries has been estimated to increase from
approximately R38.4 million (US$2.08 million using an exchange rate of 1 USD = 18.4519
ZAR) in 1994 and-inereased-to R131.4 million (US$7.12 million) in 2022.

These estuaries are offsetting the need for capital investment of these magnitudes, reflecting
their importance and need for continued restoration and conservation.
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522  Annexure 1: DIP and DIN concentrations at the head of the Swartkops and Sundays River estuaries
Swartkops River estuary head Sundays River estuary head ‘
Year Reference Unit Avg. IKgNIyﬂ Avg. KgP/yr | Year Reference Unit Avg. KgN/yr Avg. | KgP/ commented [A6]: N and P units in this table differ from
DIN DIP DIN DIP those indicated in the text (see line 190). | suggest
1994 | Scharler and UM/ 30.9 34 279 6.8 16 681 | 1994 | Scharler and uM/I 72.7 264 0.6 4 83 changing these for consistency/uniformity.
Baird*® Baird®® 760
2001 | Human et al.®® mg/| 0.3 23 760 0.6 47 520 | 2006 | Potgieter*' mmol.m® | 171.35 190 9.27 22 741
088
2002 | Snow*° UM/ 394 43709 30.4 74 575 | 2018 | Lemley et al.™ uM/I 13.39 | 48764 3.47 27 945
2006 | Potgieter*! mmol.m® | 122.57 135974 73.09 179 2021 | SAEON# uM/I 24.06 | 87632 3.01 24 200
300
2013 | Human et al.*® mg/| 1.0 79 200 0.6 47 520 | 2022 | SAEON* uM/I 7.06 25692 3.03 24 382
2019 | Whitfield*? UM/ 123.33 136 819 61.35 150
489
2019 | Human et al.*® mg/| 2.9 229 680 3.4 269
280
2020 | Whitfield*? uM/I 164.55 182 543 70.48 172
902
2020 | Human et al.*® mg/| 3.2 253 440 29 229
680
2021 | SAEON* UM/ 199.21 220 995 111.99 274
724
2022 | Lemley et al." UM/ 161.7 179 383 127.5 312
775
2022 | SAEON# uM/I 262.14 290 802 101.43 248
829
523
524
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525

526 Annexure 2: DIP and DIN concentrations at the mouth of the Swartkops and Sundays River estuaries
Swartkops River estuary mouth Sundays River estuary mouth
Year | Reference Unit Avg. DIN IKgleﬂ Avg. KgP/yr | Year | Reference Unit Avg. KgN/yr Avg. KgP/yr-| commented [A7]: See the comment in Annexure 1
DIP DIN DIP regarding the units used in the table.
1994 | Scharler and uM/I 27,6 30618 0,8 1963 1994 | Scharler and puM/ 29,6 107 798 0,4 3 221
Baird*® Baird*®
2019 | SAEON“® pM/ 0,73 811 4,73 | 11614 | 2021 | SAEON* M/ 3,82 13917 0,89 7 205
2020 | SAEON# pM/I 3,07 3401 8,59 |[21078 |2022 | SAEON* puM/I 5,37 19 569 2,75 22131
2021 | SAEON® M/ 5,35 5938 543 | 13325
2022 | SAEON* pM/I 2,97 3295 1,17 | 2881
527
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Annexure 3: Estimate of the nutrient loads over time of the Swartkops and Sundays River
estuaries

Swartkops River estuary
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Annexure 4: Cost of removing nutrients

Year CAPEX&OPEX Kg/ML removal estimate R/Kg removal
R/ML cost
1994 6 890 44 157
2001 6 050 39 156
2002 6 000 38 158
2003 5970 37 160
2013 5800 30 193
2018 5780 26 219
2019 5800 26 227
2020 5800 25 233
2021 5850 24 242
2022 5850 23 250

Sources: Based on Naidoo et al.;*? Li et al.;*® Lemly et al.™
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THE ECONOMIC VALUE OF NUTRIENT CYCLING IN THE
SWARTKOPS AND SUNDAYS RIVER ESTUARIES

Abstract

Nutrient cycling, a fundamental ecological process, directly impacts the health and functionality of
marine environments and plays a pivotal role in maintaining water quality and supporting diverse
marine life and human health. To date, there has been no ecosystem service valuation assessment for
nutrient cycling in South Africa, mainly due to scarcity of nutrient cycling capacity measurements. This
necessitates reliance on data transfer valuation techniques that can produce misleading valuations.
Given the similarity between estuary nutrient cycling processes and wastewater treatment works
processes, as well as the relative abundance of published data on the latter’s cost, the latter can be
used as a proxy for the former.

Cost and efficiency data for wastewater treatment works in Algoa Bay is-are sourced along with the
published dissolved inorganic nutrient concentrations measurements in the Swartkops and Sundays
River estuaries. The value of nutrient cycling in the Swartkops estuary has increased by about 1,330%
from US$466,076 in 1994 to US$6.7 million in 2022 but2022, but declined in the Sundays River estuary
from US$1.6 million to about US$428,140 over the same period. This translates to US$18,681/ha for
the Swartkops estuary when using the smallest area denominator and US$1,747/ha for the Sundays
River estuary (1USS = ZAR18.4519). These estuaries offset the need for capital investment of these
magnitudesreflecting theirimportance-and-this magnitude, reflecting their importance and the need

for continued restoration and conservation.

Significance: Few published valuations of the benefits of nutrient cycling in South African estuaries
exist. An estimate is provided using the Swartkops and Sundays River estuaries as examples.

Keywords: ecosystem services, nutrient cycling, Swartkops estuary, Sundays River estuary,
wastewater treatment works
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Introduction

Estuaries are dynamic environments characterised by fluctuating water levels, tidal flows and seasonal
variations in temperature and salinity. They are located at the interface between freshwater and
marine environments® and are highly productive, providing valuable goods and services.? However,
population growth, urbanisation and industrial expansion near estuaries generate wastewater, often
leading to contamination with raw sewage.? The introduction of untreated or inadequately treated
wastewater into estuaries increases the levels of dissolved inorganic phosphates (DIP) and dissolved
inorganic nitrogen (DIN).* Elevated concentrations of DIP and DIN, along with factors including elevated
temperature and water column stratification, contribute to the growth of harmful algal blooms (HABs)
and worsen hypoxic conditions.>® These blooms, often involving cyanobacteria, produce toxins that
are harmful to humans.” High levels of these inorganic nutrients in estuaries can lead to oxygen
depletion in coastal waters, causing marine life die-offs.%°

3 v Wa W YYAV.YalY e-mitigate the risks to people
and losses that industries could incur due to die-offs, society builds, operates, and maintains
wastewater treatment works (WWTWs) that reduce DIP and DIN concentrations before discharging
wastewater into estuaries and coastal waters. In South Africa, annual municipal operation, expansion,
and maintenance costs for WWTWSs can exceed ZAR1.2 billion!®!! and still these facilities are often
overwhelmed, resulting in inadequately treated effluents.

In estuaries, nutrient cycling removes constantly high, dangerous, and unsustainable nutrient loads.
Nutrient cycling refers to the transfer of organic and inorganic matter into an estuary and their
conversion into the production of living biota. The cycling of nitrogen and phosphorus facilitates
primary productivity, which forms the base of the food web. This process ensures that essential
nutrients are available for various trophic levels, from phytoplankton to higher marine organisms. A
balanced concentration of nutrients is required to sustain the estuary and will ensure the health of
coastal ecosystems.*?

Nutrient cycling is an important ecosystem service of estuaries that greatly benefits marine industries
by reducing the environmental impacts of human wastewater. As society allocates money for WWTWs
due to their important function in preppingdpsupporting the marine economy, a strong case can be
made for estuarine conservation as nutrient cycling has the same function. Some estuaries might
contribute more to mitigating human waste than their municipal WWTW counterparts. However, the
assessment of the value of estuarine nutrient cycling are-is rare, with no known valuations existing for
the South African case.!® Without knowing the extent to which a particular estuary treats wastewater
as well as its efficacy relative to local WWTW in doing so, sub-optimal investment in estuary
conservation or WWTW maintenance, construction and operation occurs.

This paper seeks to address the knowledge gap of the economic value of nutrient cycling of estuaries
by combining available data for two estuaries in Algoa Bay, South Africa, namely the Swartkops and
Sundays River estuaries. Cost and efficiency data from WWTWs is-are used along with all available
biological measurements of water quality in estuaries to present an estimate of the economic value of
nutrient cycling in estuaries.
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Background

Ecosystem service valuations for estuaries

Economic valuations of ecosystem services help prioritise conservation investments by identifying
high-value ecosystems and justifying restoration costs through quantified benefits.** Estuaries are
among coastal ecosystems with the highest economic values on a per hectare basis, in social-ecological
systems, providing both intrinsic and extrinsic values.?® The global average value of coastal systems,
including estuaries, was estimated to US$36,026/ha in 2020 prices.® These high values can be
attributed to ecosystem services such as nutrient cycling, recreation, food production and storm
protection.’®2! In South Africa, there is a deficit of published studies on the economic value of estuaries
compared to elsewhere in the world.?° Most of the studies that have been conducted have focused on
water quality, water inflows, and recreational or recreation-related services.

Du Preez and Hosking?? valued the Klein and Kwelerha estuaries, using the travel cost method, and
found an increase in recreational value of freshwater inflow for both estuaries. Magobiane? revealed
that recreational users highly valued improvements in water quality at the Swartkops River estuary.
Sale et al.?* documented the economic value of recreational services at the Kowie and Kromme
estuaries for increased freshwater inputs. Lee et al.? used questionnaires on the Sundays River estuary
to determine recreational users’ willingness to pay (WTP) for various ecosystem services. In a related
study, Lee and Du Preez?® explored the issue of boat congestion at the Sundays River estuary. Further
emphasising the impact of congestion, more studies by Lee et al.’?® reported that users were
prepared to pay more per year during peak hours to mitigate overcrowding effects. However, Turpie
and Clark? provide the most comprehensive valuation of South African estuaries. They valued various
ecosystem services such as subsistence, property, tourism, nursery, and existence services, with the
notable exception being nutrient cycling.

Globally, studies concerning the economic value of nutrient cycling have been conducted, but mostly
in developed countries (see Table 1). The socio-ecological factors influencing estuaries are completely
different in those countries than in developing countries like South Africa. Within the legal,
institutional, and social context of the UK, for example, the value of nutrient cycling is estimated to be
USS$579,632/ha,*® while within the Dutch context, it is estimated to be US$2,661/ha.! While these two
European studies were conducted in two geographically proximate countries, they revealed a
substantial disparity of US$576,971/ha in the valuation of nitrogen and phosphorus removal services.
This discrepancy underscores the nuanced nature of ecosystem service assessments and emphasises
the need for meticulous consideration of regional variations and methodological intricacies.

Table 1: Known estimates for nutrient cycling in estuaries

Country Method Value

United Kingdom?*° Ecological network analysis using Ecopath with USS$579,632/ha
Ecosim software

Netherlands3! Benefit transfer method (from water purification USS$2,661/ha
services and infrastructure) combined with
scenario analysis

Difference | (US$576,971/ha)

Despite the vast contextual differences, these global assessments are, unfortunately, all we have
concerning this important ecosystem service. Data transfer is the technique of importing values from
elsewhere into a local context. The wide range of values derived from data transfer for ecosystem
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services presents significant challenges, particularly for crucial services such as nutrient cycling, where
economic valuation studies are scarce. Limited data availability can lead to uncertainty and variability
in the estimated value of ecosystem services, hindering decision-making processes. Without
comprehensive studies, there is a risk of oversimplifying complex ecological processes or overlooking
critical factors influencing nutrient cycling dynamics. Such findings highlight the inherent challenges in
deriving accurate and comparable values for ecosystem services, even in seemingly similar contexts.
Therefore, addressing the challenge of insufficient data in areas like-such as nutrient cycling is essential
for improving the accuracy and reliability of ecosystem service assessments.

Study area

The Swartkops and Sundays River estuaries

Both the Swartkops and Sundays River estuaries are permanently open, wave-dominated estuaries
that are in the Eastern Cape province of South Africa. The Swartkops River estuary lies at approximately
33°50'S, 25°36'E, where the Swartkops River meets Algoa Bay near Port Elizabeth (Ggeberha). The
Sundays River estuary is situated near the town of Colchester at approximately 33°42'53"S, 25°50'54"E.
The Swartkops River estuary supports a rich mosaic of habitats, including salt marshes, intertidal
mudflats, and sandbanks. The Sundays River estuary is known for its scenic beauty and recreational
value, particularly for boating and angling.

Table 2: Combined areas of Swartkops and Sundays River estuaries for different habitat types

Area | Total area | Swartkops River | Sundays River Habitat types included
(ha) (ha) (ha)

1 603 358 245 Open water

2 691 630 61 Salt marshes, reeds and sedges,
submerged macrophytes

3 1,294 988 306 Areas 1 and 2 combined

4 845 750 95 Salt marshes, reed & sedges, submerged
macrophytes, sand- and mudbanks

5 1,908 1,245 663 Open water, salt marshes, reeds and

sedges, sand- and mudbanks, terrestrial
vegetation, flood plain, and beach and
dunes

6 2,168 1,460 708 Open water, salt marshes, reeds and
sedges, sand- and mudbanks, terrestrial
vegetation, flood plain, beach and dunes

Source: Based on the classification of Algoa Bay Project™
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Figure 1: Map of the Swartkops and Swartkops River estuaries showing the proximities relative to
Gqgeberha and surroundings

Table 2 and Figure 1 provide—a-deseripton-ofdescribe the Swartkops and Sundays River estuaries in
terms of habitat types, an important consideration when measuring and valuing nutrient cycling. Each
ecotype facilitates nutrient cycling to a-different-extentvarying extents. To measure the capacity of an
estuary for nutrient cycling from ﬁrst[principals\ requires extensive study and data collection from each

ecotype, interactions between habitat types and the contribution of each ecotype to nutrient cycling.
Within an ecotype, capacity for nutrient cycling will be further differentiated based on the resident
flora and fauna, climate and ecosystem condition. Consequently, comparing values for nutrient cycling
in the Swartkops and Sundays River estuaries, completed with data transfer from different existing
valuations, results in a wide range of estimates (ZAR27 million — ZAR375 million) (see Annexure 1).

While the reliance on data transfer is preferable to no-valuation, it is always less desirable te-than
valuation based on locally sourced data. However, there are severe limitations in terms of research
capacity, funding and data availability that make a detailed measurement of nutrient cycling in the
Swartkops and Sundays River estuaries unfeasible. This study, therefore, seeks-teaddressthegap-in
kneowledgeaims to address the knowledge gap regarding the economic value of nutrient cycling in
estuaries by combining various forms of available data.

[ Commented [Reviewer1]: Principals or principles?
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Methods

Measure of nutrient cycling

The overview of the process and data sources is presented in Figure 2. Three datasets are used to
estimate the value of nutrient cycling. A dataset for cost data for WWTW is sourced from the available
literature. A dataset for the kg/year pollutant removed by the estuary, as well as a dataset for the
kg/year pollutant removed by five WWTW in Algoa Bay, are constructed from available data in the
literature.

To construct the database for the nutrients removed by the estuaries, studies between 1994 and 2022
reporting average dissolved inorganic phosphorus (DIP) and dissolved inorganic nitrogen (DIN)
concentrations in the Swartkops and Sundays River estuary heads and mouths were sourced. Average
concentrations are preferred to median concentrations only because there are more average
concentrations reported than median concentrations. In total, 12 average DIP and DIN eercentrations
concentration values were sourced for the Swartkops River estuary head, and five (5) for the Sundays
River estuary head (Annexure 2). Over time, five (5) observations for the average DIP and DIN
concentrations were sourced for the Swartkops River estuary mouth, and three (3) for the Sundays
River estuary mouth (Annexure 3). The resulting dataset is incomplete (missing years) and reported in
different units (e.g. uM, mg/litre, kg/annum). The exact sampling locations at estuary heads and
mouths also differ among the studies. The number of samples over which averages are calculated and
the time of the year in which sampling was completed, also differ.

Economic value of nutrient
cycling in estuary

Cost to remove a kg of
pollutant via WWTW

Charges for Nitrates and Phosphates Nitrates and Phosphates
Wastewater KG/year WWTW removal KG/year estuary removal

Management

Treatment WWTW intake WWTW outlet DIN& DIN Mean
volumes DIN &DIP DIN &DIP measurements annual
measurements | measurements Head and Mouth Runoff

Naidoo et al. Keirungi Lietal. Lemley et al. Scharler and Baird
(2016) (2006), (2017) (2019) (2003) Van Niekerk et
NMBM (2009) Snow (2007) al. (2015)
Potgieter (2008)
Human etal. (2022)
Lemley et al. (2022)
Whitfield (2022)
SAEON (2019, 2020,
2021, 2022)

Figure 2: A diagram explaining the process and data sources®334°

Source: Own analytical framework
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The database therefore consists of eight (8) time series varying in number of observations, namely: i)
DIP Swartkops head, ii) DIP Swartkops mouth, iii) DIN Swartkops head, iv) DIN Swartkops mouth, v) DIP
Sundays River head, vi) DIP Sundays River mouth, vii) DIN Sundays River head, and viii) DIN Sundays
River mouth. For each time series, annual nutrient loads in kg of DIN (NOs" + NO,  and NH4*) and DIP
were calculated with assumptions of average molar mass and mean annual runoff data (see Equation
1 with respect to DIP; a similar equation applies with respect to DIN). This requires converting all
reported average concentrations into the same unit, namely uM — the commonly reported unit of
average concentrations. Once converted, the difference between the concentration measured at the
head and that measured at the mouth is calculated. To calculate the g/litre of nutrient removed
between the estuary head and its mouth for DIP and DIN per estuary, we applied the average molar
mass (per nutrient type) and divided by 1,000 (to convert to kg/l). We then multiplied this by the mean
annual runoff (MAR) in litres to estimate the kg nutrient passing into the estuary and towards its
interface with the ocean.

(p1P4 Head—DIP X Mouth)  molar Mass P
106 1000

Kg DIP removed = * MAR(D) ....1

Each of the eight series is plotted, and the best-best-fit curves were estimated through the available
data points (Annexure 4). These curves are used to simulate the calculated flow of nutrient
concentrations over the past 18 years based on the reported averages.

Economic valuation of nutrient cycling

Algoa Bay has several wastewater treatment works (WWTW) with information about their operating
(OPEX) and capital (CAPEX) costs, their treatment capacities and the concentrations of DIP and DIN
found at their in- and outlets.® 333¢ Data on the concentration of DIP and DIN of wastewater entering
a particular WWTW, the amount of wastewater treated and the concentrations of DIP and DIN of
treated wastewater at outlets are also available. These concentrations and treated amounts vary over
time based on the efficiency of the WWTW as well as the socio-economic development trajectories of
its location (how many housing units are connected vs. unconnected to sewage system, how many
people per housing unit, how many housing units per square km, how many industries, etc.).

In Annexure 5, the average kg/ml nutrient removed as reported by Lemley et al.® fell from 37 kg/ml
pre-2013 to 26 g/ml post-2013 for data observed between 2009 and 2017. A linear curve was fitted to
the pre-2013 and post-2013 average values. The OPEX and CAPEX costs® (reported in R/kl) are
converted to R/ml and divided by the average nutrient removed. This gives a time series of the cost of
removing a kg of DIP and DIN using WWTW in Algoa Bay. By subtracting the concentration of
wastewater leaving the WWTW from that entering, multiplying this concentration by molar mass and
total annual water treated figure, a kg phosphate or nitrate removal value is calculated; it is a similar
calculation to Equation 1, only using the total water treated instead of MAR. Since it is known how
much it eest-costs to treat a kilolitre of water, how much water is treated by a typical WWTW and how
much nutrient is removed, it is possible to calculate the unit cost for removing a kg of pollutant (see
Equation 2 with respect to DIP, but the same applies for DIN).
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By applying this cost to remove a kg of pollutant via WWTW to the kg of pollutant removed by the
estuary, a value for the work done by the nutrient cycling ecosystem service of the Swartkops and
Sundays River estuaries was eenstructedcalculated. Thls prowdes an estlmate of heraneh-izeaald
v othe cost to society of the
amount of work the estuarv performs in terms of nutrlent cycImgL using the operational costs of
WWTWs.

Results

Table 3 is a summary of total value of nutrient cycling estimated. If manufactured capital had to be
used to remove the nutrients from the estuary, it would have cost society approximately ZAR38.4
million (US$2.08 million using an exchange rate of 1 USD = ZAR18.4519) in 1994 and increased to
ZAR131.4 million (US$7.12 million) in 2022 (Table 3). The volume of wastewater treated by WWTW
has increased over time, but the estimated kg/ml pollutant removed is declining, while available data
indicate estuaries are removing more pollutants over time. The relative efficiencies of WWTW in Algoa
Bay compared to the efficiency of the Swartkops and Sundays River estuaries in reducing DIP and DIN
concentration is-are therefore moving in opposite directions (see Table 4). The efficiencies of the
WWTW have declined by 47% from 43.9 and 23.4 kg of nutrient removal per ml, and that of the
estuaries have increased by 650%, albeit from a very low base, from 0.2 and 1.5 kg of nutrient removal
per ml.

Table 3: The economic value of nutrient cycling by the Swartkops and Sundays Rivers estuaries

Year Swartkops River estuary Sundays River estuary Total
R million R million R million
1994 8.6 29.9 38.5
2001 35 29.2 32.6
2002 3.9 26.1 30.1
2003 4.8 234 28.2
2013 36.1 8.8 44.9
2018 74.2 7.2 81.4
2019 84.7 7.2 919
2020 96.1 7.3 103.4
2021 109.5 7.6 117.2
2022 123.4 7.9 131.4
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Table 4: Comparing the efficacy of WWTW and estuary at-in removing pollutants over time

Treated water Kg/ml removal Combined MAR Kg/ml removal estimate
WWTW (ml/year) | estimate WWTW (ml/year)*® for both estuaries
1994 10,950 43.9 339,200 0.2
2001 25,550 38.8 339,200 0.1
2002 29,200 38.1 339,200 01
2003 32,850 37.3 339,200 01
2013 58,400 30.0 339,200 06
2018 60,225 26.3 339,200 10
2019 59,495 25.6 339,200 11
2020 58,217 249 339,200 12
2021 57,670 24.1 339,200 13
2022 56,575 23.4 339,200 15
Discussion

Changes in the concentration levels of DIP and DIN

There is a rich history of reporting DIP and DIN concentrations in the Swartkops and Sundays River
estuaries. By viewing a time series of these reported values, both estuaries provide essential
ecosystem services by lowering nutrient concentrations and contributing to nutrient cycling
(Annexures 2 and 3). While the absence of time series data on MAR in both estuaries is regrettable in
this analysis, the method is still demonstrated and valuable; given a constant value for mean annual
runoff, the resulting nutrient load of DIP at the Swartkops estuary head grew by about 1,400% from
6.8 uM/I (1994) to 101.4 uM/I (2022). The recorded DIP at the estuary mouth was, however, only
marginally higher (1.2 uM/I compared to 0.8 uM/l). The recorded DIN at the head has likewise
increased by about 750% from 30.9 uM/I to 262.1 uM/I, while the load recorded at the mouth has
decreased from 27.6 uM/I to 2.97 uM/I. For the Sundays River estuary, the DIN at the head has fallen
from 72.7 uM/I in 1994 to 7.1 uM/I, and the concentration present at the mouth declined from 29.6
UM/l to 5.4 uM/I. DIP increased by 400% at the head from 0.6_uM/I to 3_uM/I, while at the mouth it
increased by almost 590% from 0.4 uM/I to 2.754 uM/I (Annexures 2 and 3).

As seen in Table 3, the increase over time is not uniform between the two estuaries. The value of
nutrient cycling in the Swartkops River estuary has increased considerably from ZAR8.6 million
(US$466,076) to ZAR123.4 million (US$6.7 million), but declined in the Sundays River estuary from
ZAR29.9 million (US$1.6 million) to about ZAR7.9 million (USS$ 428,140) using an exchange rate of 1
USD = ZAR18.4519. Table 4 compares the volume of water (kg/ml) treated by WWTW, as well as
pollutant (kg/ml) removed, to the volume of water treated by estuaries, as well as the pollutant
removed. Considered together, these changes in the DIP and DIN concentrations suggest that both
estuaries are cycling much more nutrients while the efficacy of WWTW is declining. Changes in DIP
indicates changes in industrial processes, notably affecting the Swartkops River estuary severely with
an increase of 1,330%, while changes in DIN indicates changes in agricultural processes. Notably, the
DIN for the Sundays River have declined by 90%.

There are three possible non-mutually exclusive explanations for reduction in nitrate nutrient loads in
the Sundays River estuary since 1994. The first is that agricultural legislation became stricter, and its
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enforcement caused tess-fewer agricultural pollutants to find their way into the river. The second is
that the Orange-Fish-Sundays River water scheme is affecting the amount of water flowing in the river,
which may lower the pollutants and thus the value. The increases in DIP concentrations in the
Swartkops River estuary is—are most probably due to the expansion of industry and informal
settlements in Ggeberha. The final explanation is that the growth in conservation activities,
particularly the continual expansion of Addo Elephant National Park as well as the declaration in 2018
of a Marine Protected Area,* has affected the extent to which pollutants enter these river systems
and subsequently the marine environment.

The economic value of nutrient cycling

Under ideal circumstances, the valuation of nutrient cycling in estuaries would require multi-year
median concentrations of DIP and DIN derived from many annual samplings at locations in the estuary
head and mouth that would be regarded as ecologically equal (estuaries change and move over time).
In addition, the change in the cost of removing nutrients from wastewater (ZAR/kg removed) due to
expanding populations, changes in industry and management vectors, regular wastewater
concentrations of DIP and DIN entering and leaving WWTW and-eaving WAAMTALat outlets, along with
fluctuating WWTW throughput volumes, would also be necessaryneeded. Due to resource and
capacity constraints, these estimates, properly sourced and archived in an easy-to-access central and
open database, are not available. We thus must revert to alternative methods. These methods are
either the use of data transfer, importing values from other studies, or the use of limited data
pertaining to DIP and DIN concentrations as is.

In the valuation presented, a ha-hectare of Swartkops River estuary gives society an annual benefit of
ZAR344,692/ha (US$18,681/ha) when using area 1 (Table 2) and the unit value of the Sundays River
estuary is ZAR32,245/ha (US$1,747/ha). The range of US$1,747/ha to US$18,681/ha congregates
converges towards the lower-bound value of US$2,661/ha rather than the upper-bound of US$579,632
as reported in of the international studies listed in Table 1.

The change in valuation over time is dramatic, reflecting changes in WWTW efficiency, economic
development and population growth, but includes conservation efforts, the adoption of
environmentally friendly agricultural practices and regulation upstream as well as water transfer
schemes.*® Irrespective of these changes, the available data indicate the sizable contribution of the
estuaries pertaining to nutrient cycling services. In 2022, estuaries with little cost to society removed
nutrient loads valued at ZAR131.4 million, when the cost to remove this additional pollutant with
WWTWs would need to be larger to rectify the loss of plant efficiency and capacity shortages.

Conclusion

Ecosystems render services that have economic value, such as nutrient cycling, that are often
underappreciated because their economic contributions are not made explicit due to significant
complexities. Making these values explicit is important to mobilise resources towards the protection,
conservation, and restoration of ecosystems to enhance the capabilities thereof to perform their
functions. Robust nutrient cycling valuations can support the development of evidence-based policies
aimed at reducing nutrient pollution and enhancing ecosystem services. Policymakers can use these
valuations to justify the implementation of regulations and initiatives that protect and restore
estuarine environments.

According to the data transfer method, the range of nutrient cycling is very large, ranging between
ZAR27 million (US$1.4million) and ZAR375 million (US$20.32 million), pending the source, the
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valuation method and the area over which the unit values are applied. This broad range, while useful,
introduces too much uncertainty and have-has little value from a planning perspective. Even within a
data poor and resource constraint context it is possible to use the data available to estimate the budget
required if WWTWSs were used to remove the same amount of nutrients. This estimate, albeit not
perfect, is considered more reliable since it is-usinguses locally sourced data. Also, since the cost and
efficiency data for WWTW is-are more readily available and nutrient concentrations at estuary heads
and mouths are more easily measured, additional estimates in other estuaries are feasible. Within this
case, the value of the nutrient cycling services of the Swartkops and Sundays River estuaries has been
estimated to increase from approximately ZAR38.5 million (US$2.09 million) in 1994 and increased to
ZAR131.4 million (US$7.12 million) in 2022.

These estuaries are offsetting the need for capital investment of these magnitudes, reflecting their
importance and need for continued restoration and conservation.
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Annexure 1:

The range of values for estuarine ecosystem services based on data transfer,

demonstrating how different classifications and uses of areas can influence the value of these

services

The areas are described in Table 2 and Figure 1. Using area 1 and based on value data transfer from
Bénhke-Hendricks and De Groot?®! the estimated economic value of an estuary is ZAR27 million (US$1.4
million) but using Watson et al.*° the value is ZAR375 million (US$20.3 million). This highlights the need
for estuary studies to be conducted at a local level to accurately account for site-specific characteristics
and complexities (1 USD = ZAR18.4519).

Study Turpie & Clark® Bohnke-Henrichs & | Watson et al.®°
de Groot™
Area 1l ha 603 603 603 603
Value 1 R51,452,551 R77,178,826 R27,428,592 R104,325,358
(USS$2,788,756) (US$4,183,134) (US$1,486,644) (USS5,654,490)
Area 2 ha 691 691 (61+630) 691 (61+630) 691 (61+630)
Value 2 R35,360,000* R53,040,000* R31,415,333 R119,489,033
(US$1,916,333) (US$2,874,500) (US$1,702,552) (US$6,475,703)
Area 3 ha 1294 1,294 1,294 1,294
Value 3 R86,810,192 R130,215,288 R58,844,783 R223,817,657
(US$4,704,674) (US$7,057,012) (US$3,189,090) | (US$12,129,789)
Area 4 ha 845 845 845 845
Value 4 R45,392,544 R68,088,816 R38,436,950 R146,195,936
(USS$24,600,477) (US$3,690,070) (USS$2,083,089) (USS$7,923,083)
Area 5 ha 1,908 1,908 1,908 1,908
Value 5 R150,825,484 R226,238,226 R86,793,065* R330,119,672*
(US$8,173,981) (US$12,260,971) | (US$4,730,746) | (US$17,890,822)
Area 6 ha 2,168 2,168 2,168 2,168
Value 6 R166,549,212 R249,823,818 R98,628,005 R375,134,171
(US$9,026,128) (US$13,539,192) (US$5,345,140) (US$20,330,381)

* The underlined and highlighted values indicated the value in the database.*®
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501 Annexure 2: DIP and DIN concentrations at the head of the Swartkops and Sundays River estuaries

Swartkops River estuary head ‘ Sundays River estuary head
Year Reference Unit Avg. Kg/annum | Avg. Kg/annum Year | Reference Unit Avg. Kg/annum | Avg. Kg/annum
DIN (Nitrogen) | DIP | (Phosphorous) DIN (Nitrogen) | DIP | (Phosphorous)
1994 | Scharler and um/I 30.9 34279 6.8 16 681 1994 | Scharler uM/I 72.7 264 760 0.6 4832
Baird®’ and Baird*’
2001 | Human et al.*° mg/I 0.3 23760 0.6 47 520 2006 | Potgieter® ’mm0|.m3‘ 171.35 190 088 9.27 1 Commented [Reviewer2]: The formatting of this unit
2002 | Snow* um/I 39.4 43709 30.4 74 575 2018 | Lemley et um/I 13.39 48 764 3.47 differs from the rest in the table. Please revise all
als instances for uniformity.
2006 | Potgieter™ mmol.m? | 122.57 135974 73.09 179 300 2021 | SAEON* uM/I 24.06 87 632 3.01 24200
2013 | Human et al.*° mg/| 1.0 79 200 0.6 47 520 2022 | SAEON* uM/I 7.06 25692 3.03 24 382
2019 | Whitfield* UM/l 123.33 136 819 61.35 150 489
2019 | Human et al.*° mg/| 2.9 229 680 34 269 280
2020 | Whitfield* um/I 164.55 182543 70.48 172 902
2020 | Human et al.*° mg/| 3.2 253 440 2.9 229 680
2021 | SAEON* um/I 199.21 220995 | 111.99 274724
2022 | Lemley et al.! UM/l 161.7 179 383 127.5 312775
2022 | SAEON*® um/I 262.14 290802 | 101.43 248 829
502
503
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504

505  Annexure 3: DIP and DIN concentrations at the mouth of the Swartkops and Sundays River estuaries
Swartkops River estuary mouth Sundays River estuary mouth
Year | Reference Unit | Avg.DIN | Kg/annum | Avg. DIP Kg/annum Year | Reference Unit | Avg. DIN | Kg/annum | Avg. DIP Kg/annum
(Nitrogen) (Phosphorous) (Nitrogen) (Phosphorous)
1994 | Scharler and UM/l 27,6 30618 0,8 1963 1994 | Scharler and um/I 29,6 107 798 0,4 3221
Baird™ Baird*

2019 | SAEON* um/I 0,73 811 4,73 11614 2021 | SAEON* um/I 3,82 13917 0,89 7 205
2020 | SAEON*® um/I 3,07 3401 8,59 21078 2022 | SAEON* uM/I 5,37 19 569 2,75 22131
2021 | SAEON* UM/l 5,35 5938 5,43 13325
2022 | SAEON*® pum/I 2,97 3295 1,17 2881

506
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507  Annexure 4: Estimate of the nutrient loads over time of the Swartkops and Sundays River estuaries

Swartkops River estuary
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Annexure 5: Cost of removing nutrients

Year CAPEX & OPEX Kg/ml removal estimate R/kg removal cost
ZAR/ml
1994 6 890 44 157
2001 6 050 39 156
2002 6 000 38 158
2003 5970 37 160
2013 5800 30 193
2018 5780 26 219
2019 5800 26 227
2020 5800 25 233
2021 5850 24 242
2022 5850 23 250

Sources: Based on Naidoo et al.;® Li et al.;*® Lemly et al.®
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