THE ESTABLISHMENT OF A KNOWLEDGE
HUB FOR CONTAMINANTS OF EMERGING
CONCERN IN SOUTH AFRICAN
WATER RESOURCES

Volume 1

Report to the
Water Research Commission

by

TL Botha'2, A Roopnarain3, Z Ncube?, G de Nysschen3, B Ndaba?3,
N Mokgalaka*5, M Bello-Akinosho®, E Bamuza-Pemu’, R Adeleke?,
A Mushwana3®, M van der Laan??, P Mphahlele®® and F Vilakazi®®2

'Department of Zoology, University of Johannesburg
2Water Research Group, Unit for Environmental Sciences and Management,
North-West University
3Agricultural Research Council (ARC) — Natural Resources and Engineering
4University of Pretoria, Mamelodi Campus
STshwane University of Technology, Faculty of Science, Department of Chemistry
8Pathogenic Yeast Research Group, Department of Microbiology and Biochemistry
Faculty of Natural and Agricultural Sciences, University of the Free State
"OptimalEnviro
8Unit for Environmental Sciences and Management, North-West University
°Department of Plant and Soil Sciences, University of Pretoria

WRC Report No. 3105/1/23
ISBN 978-0-6392-0562-5

December 2023

il

WATER
RESEARCH
COMMISSION



Obtainable from

Water Research Commission

Lynnwood Bridge Office Park, Bloukrans Building
4 Daventry Street

Lynnwood Manor

PRETORIA

orders@wrc.org.za or download from www.wrc.org.za

The publication of this report emanates from a project entitled The Establishment of a
Knowledge Hub for Contaminants of Emerging Concern in South African Water Resources
(WRC Project No. C2021/2022-00256)

This report forms part of a set of two reports. The other report is The Establishment of a
Knowledge Hub for Contaminants of Emerging Concern in South African Water Resources.
Volume 2 (WRC Report No. 3105/2/23)

DISCLAIMER

This report has been reviewed by the Water Research Commission (WRC) and approved
for publication. Approval does not signify that the contents necessarily reflect the views
and policies of the WRC, nor does mention of trade names or commercial products
constitute endorsement or recommendation for use.

© WATER RESEARCH COMMISSION


mailto:orders@wrc.org.za
http://www.wrc.org.za/

EXECUTIVE SUMMARY

BACKGROUND

The present Target Water Quality Guidelines only cover known contaminants; however, water
professionals are already discovering novel pollutants in our water bodies that were previously at levels
below detection limits. Some of these compounds are categorized as "emerging" pollutants or
contaminants since they are not typically included on the list of pollutants that are monitored and
regulated. These substances could have an adverse effect on the environment and human health.
Examples of these include nanomaterials, flame retardants, microplastics, agricultural waste, microbial
pollutants, heavy metals, and personal care products. Further environmental concerns could result from
the prolonged, unregulated usage of these items. Emerging contaminants are discharged into the
environment by a variety of human activities, and industrial effluent discharges. Some of these
pollutants may well be mutagens, carcinogens, endocrine disruptors, or detrimental to the reproductive
system. They may even persist in the environment and bioaccumulate. These suggest that the
classification of emerging contaminants is neither uniform or complete, and that many of them may
broadly fit into more than one classification type. A proper classification of the contaminant would only
be possible with a greater comprehension of its makeup and toxicity.

AIMS

We may significantly improve research efforts by allowing for research collaborations between scientists
in the same discipline by collecting research data. This would help uncover knowledge gaps and reduce
the likelihood of duplication of research efforts. The creation of an interactive knowledge hub with
databases for comprehensive information on growing pollutants of concern in South African surface
water sources was the project's primary goal. Additionally, it sought to develop a platform for citizen
science that would have fact sheets and brief videos that were supported by scientific evidence.

METHODOLOGY

The application developed can be found at https://www.ceckh.agric.za. The entire design was based
on a web GIS (spatial data viewer) system that consists of a geodatabase, a map server, and a web
viewer. Regular site visitors can view printable information sheets regarding Contaminants of Emerging
Concern (CEC), as well as information on how to avoid CEC contamination and identify a lab for
specialized CEC analyses. It is a web-based system with different modules that researchers use to
upload specific information regarding CECs. This data is then processed and uploaded to a PostgreSQL
instance running PostGIS extension and sent to an internal inbox for further approval by researchers.
Once approved internally, the data is then served to the public as a map after being processed in the
GeoServer. The Python script that is used to replicate this data from one DBMS to another also performs
secondary quality checks (formatting and referencing) on the data before it is loaded into PostgreSQL
as the data transfers from the MySQL instance to the PostgreSQL instance. Other considerations
included making sure that only open-source software was used to build the entire system. No
proprietary software or licenses would be necessary, making maintenance less expensive. Anyone with
coding skills could easily develop it, and it would be simple to use for anyone with basic computer
knowledge.



https://www.ceckh.agric.za/

RESULTS AND DISCUSSION

The CEC Knowledge Hub's most recent update (March 2023) has drawn attention to knowledge gaps,
including those in certain regions like the Northern Cape where no CEC data have been published. With
the exception of the Free State, all provinces have been found to contain organic pollutants. Currently,
only Limpopo, Mpumalanga, and KwaZulu-Natal have documented microbiological CECs. The majority
of the provinces in South Africa have microplastic statistical data. Currently, there are 1190 data inputs
in the compiled dataset, with 544 of them coming from pharmaceutical and personal care products,
followed by 176 from microplastics, and the remaining inputs for CECs ranging between 54 and 160,
with nanomaterials having the fewest at only five.
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GENERAL CONCLUSIONS & RECOMMENDATIONS

A digital specimen bank of collected pollution data in South Africa has been established by the
creation of a CEC Knowledge Hub. Even though the data already indicates where the majority of
research has been done and areas of concern have been highlighted in South Africa, its strength will
grow as more information is uploaded to the Hub. We anticipate that the Hub will be used more
frequently in disciplines relevant to CECs in the environment as it becomes more populated as a first
stop shop for CEC research efforts. Responsible scientific communication is vital and due to seasonal
variations in data and probable limitations in the detection methods used, skilled researchers are
required to interpret and understand the information collected from the hub.

To develop a categorization that is accurate and anchored in a high level of science, the toxicological
evaluation is a significant undertaking that necessitates collaboration among numerous stakeholders.
A proposed brief strategy for this project undertaking is included in the hub's current volume and is
based on ongoing emerging research, which is currently being pursued internationally. This would class
risk quotients into low, moderate and high risk by using measured or predicted concentrations to
monitoring trigger values of CECs detected in aquatic ecosystems. Once the toxicology classing has
been included, we will have a powerful tool to address emerging issues in water quality and is a major
recommendation for future development of this CEC Knowledge Hub of which provisions for the
inclusion have been made by adding an additional layer to the mapping points.

To our knowledge, neither South Africa nor the Southern African Development Community (SADC)
have an interactive knowledge hub for CECs. It is advised that the SADC region, which regularly shares



aquatic ecosystems, expand and create a regional knowledge hub to enhance regional data output and
environmental monitoring campaigns.
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CHAPTER 1: BACKGROUND

1.1.  INTRODUCTION

Numerous compounds of various classes are now produced as a result of rapid population increase,
urbanization, and industrialization and new ones are introduced on a daily basis. Unfortunately, our
water bodies serve as an ultimate sink for most of these products and their degradates through various
pathways with very serious adverse effects on ecological integrity and human health. Due to the fact
that some of these substances are not on the typical list of pollutants that are monitored and regulated,
they are classified as "emerging" pollutants or contaminants. Due to their great potential to enter the
environment and widespread distribution throughout environmental matrices, these substances may
have detrimental ecological and/or health effects on humans. (Necibi et. al., 2021; Daughton, 2005,
Gavrilescu et. al., 2015). Some believe that “emerging pollutants” or “emerging contaminants” can be
better described as “contaminants of emerging concern” (Sauvé and Desrosiers, 2014). Emerging
pollutants are not just chemical pollutants; anthropogenic activities also cause water resources to
become contaminated with biological micropollutants (bacteria and viruses). Waterborne diseases
continue to be a leading cause of death worldwide and some of these are potentially pathogenic
(Gavrilescu et. al., 2015) especially in developing and underdeveloped nations where there is a
shortage of basic sanitation and potable water. Complicating matters is the fact that due to these
compounds' chemical structural stability, traditional wastewater or drinking water treatment facilities are
typically not suited to remove them. Furthermore, many of the microbial species used in the treatment
train are sensitive to these chemicals (Gavrilescu et. al., 2015). Living systems have developed
protective, defensive, or adaptive mechanisms for minimizing toxicity and exposure to many of the
otherwise harmful, naturally occurring chemicals. The defence mechanisms of biological systems are
occasionally insufficient for substances of developing concern that they have never been exposed to.
(Daughton, 2005). There is an exceedingly significant variability in the quantities, complexity, and
toxicities of emerging compounds in the environment (Daughton, 2005, Gavrilescu et. al., 2015) and
pose problems for regulatory bodies (Sauvé and Desrosiers, 2014). Emerging contaminants are
discharged into the environment by a variety of human activities, including agricultural practices,
pharmaceutical and personal care product (PPCP) production, and industrial effluent discharges. Some
of these pollutants may be endocrine disruptors, carcinogens, mutagens, or disruptive to reproductive
systems. They may also bioaccumulate and/or persist in the environment. Based on these, emerging
contaminants are not universally or fully categorized, and many of them may fall broadly into more than
one classification type. Only with a deeper understanding of the nature and toxicity of the pollutant
would a proper classification of that pollutant be achievable.

South Africa is a semi-arid country with unpredictable rainfall pattern having an average rainfall of 52%
of the global average (DWAF, 1996). South Africa stands out as one of the most water scarce countries
in the southern Africa region — a region that is considered the second region in the world to be
confronted by a debilitating water deficit (Turton, 2000). As a consequence of its unpredictable rainfall
pattern South Africa sometimes is faced with serious droughts, the most recent being in 2016. Reports
from sources within the Department of Water and Sanitation (DWS) in South Africa indicate that the
current water use practices in the country will not be sustainable beyond 2026 (DWAF, 1999). South
Africa has no surplus water, and this would place some constrain on future economic growth and
development. About 63% of water in South Africa is consumed by the agricultural sector and farmers
will have to double their water use by 2050 if they are to meet growing food demands using current
farming practices. Protecting South Africa's water resources safe is a task that is key to realising the
vision and achieving the mission of both DWS and the UN Millennium Development Target 10 of Goal
7. Both of these goals rely on sufficient and high-quality water sources, and the water's quality ultimately



determines whether it is suitable for a given end use. Both of these goals rely on sufficient and high-
quality water sources, and the water's quality ultimately determines whether it is suitable for a given
end use. The term water quality describes the physical, chemical, biological and aesthetic properties of
water that determine its fitness for a variety of uses and for the protection of aquatic ecosystems. Many
of these properties are controlled or influenced by constituents which are either dissolved or suspended
in water (DWAF, 1996). It is appropriately stated in the National Water Act that “Recognizing that the
protection of the quality of water resources is necessary to ensure sustainability of the nation’s water
resources in the interest of all water users” (NWA, 1998). The negative impact of technological
advancement to the water industry is the presence of contaminants of emerging concern in surface
water resources. The current and future challenge is contaminant containment as well as reduction of
their occurrence in water resources. To achieve these a better understanding of their nature,
concentrations, fate in the environment and their toxic effects on organisms is required in order to adopt
better management programs to minimize the risks to human health and the environment. The United
States of America Environmental Protection Agency (US EPA) has 121 organic pollutants (US EPA,
2014) in its list of priority pollutants and the European Union (EU) has 45 organic compounds in its
priority pollutants watch list (Carvalho et. al., 2015). Both lists are continuously being reviewed, and the
inclusion of further compounds is being investigated. On the other hand, the South African Water Quality
Guidelines (SAWQ) included only atrazine, phenol, and trihalomethanes (DWAF, 1996) as organic
pollutants of concern. This indicates that presence of emerging chemical pollutants in our water
resources and the danger they pose is unrecognized and/or grossly underestimated especially in light
of the poor state of wastewater treatment facilities in South Africa and heavy agricultural activities in the
country. The efficiency of municipal wastewater treatment is vital to the reduction of chemical pollutants
in water as a number of these compounds emanate from domestic wastes that are channelled to
wastewater treatment plants. Wastewater treatment facilities nationally are assessed by the Green Drop
System (GDS) used to evaluate the entire value chain involved in the delivery of municipal wastewater
services. The Green Drop assessment of the municipal wastewater treatment sector reveals the low
compliance levels of Municipalities with the respective effluent quality standards. The Municipal
wastewater treatment plants (WWTPs) are currently considered to be in an unacceptable state (DWS,
2022). The national average compliance figures in the past 12 months (July 2017-June 2018) is
disturbing with a national average chemical compliance of 37.98% (Municipal Works), 34.12% (Public
Works) and 3.8% (Private Works). Individual province scores ranged from very low scores of 1.46% to
61.08%. A total of 7 out of 9 provinces scored below 50%, with only 2 provinces (Western Cape
(61.08%) and Gauteng (59.60%)) with compliance score above 50% (DWS, 2018). This is a far cry from
the expected 80% minimum compliance. The low compliance levels is an indication of a high possibility
of chemical pollutants of emerging concern passing through the treatment process and ultimately get
discharged into surface water. South Africa's Constitution and Bill of Rights enshrine the basic human
right to have access to sufficient water and a safe and healthy environment. Government fulfils these
rights through the DWS assisted by several legislation including the National Water Act (NWA, 1998),
the Water Service Act, 1997 (Act 108 of 1997), the Water Service Act, 1997 and more recently the
National Water resource Strategy (NWRS2). The security of the water supply, environmental
deterioration, and resource pollution are all addressed in the NWRS2, which also lays out the vision
and strategic actions for effective water management. A database of pollutants found in South African
water resources would serve as a central information hub, providing quick access to all known study
results and details on pollutants that have been identified. The pollutants would be listed, along with all
relevant scientific data, their prevalence, and their toxicity. There is currently no comprehensive
database of data on contaminants in water resources in Africa. As a result, information about studies
on CECs is not easily accessible, and it is challenging to pinpoint knowledge gaps as they emerge. This
can sometimes result in duplicated research efforts and a delay in responding to pollution crises
wherever they happen. Hence the need for a database containing information from all studies on CECs



in waterways. While in the long run, there is opportunity for the database to grow to include information
about the entire continent of Africa rather than just South Africa.

1.2

13

1.4

PROJECT AIMS

The main objective of the project is the establishment of an interactive knowledge hub with
databases for all-inclusive information on emerging contaminants of concern in South Africa
surface water sources. Six aims have been identified to achieve this objective. These include:
1.2.1  Assessment and collation of research conducted on emerging contaminants of
concern in South African water resources
1.2.2 Compilation of identified emerging contaminants of concern in water, their
occurrence including hotspots and their distribution in catchment areas in South Africa
1.2.3 Collation of available data on emerging contaminants of concern in South
African Water Resources — analytical methods of identification
1.2.4 Compilation of possible correlations and seasonal variations of CECs in South
African water resources
1.2.5 Identification of knowledge gaps
1.2.6  Establishment of an interactive knowledge hub with databases for all-inclusive
information on emerging contaminants of concern in South Africa surface water
sources

SCOPE AND LIMITATIONS

The main scope of the study was to create an interactive map with databases for emerging
contaminants of concern in South Africa surface water sources and excluded marine water,
estuarine and ground water. The aim would be supported by additional information related to
collated data including site information, instrumentation used, and concentrations detected in
the environment. This would allow for the identification of hotspots and areas of concern. A
limitation of this study was the ability to include the toxicological information for the detected
CECs present within the hub. A categorization strategy was established in the study based on
Sutton et al. (2022) who performed risk assessment funded by the US EPA.

SUMMARY OF WORK TO DATE

The work conducted to date was separated into several phases as outlined below:

Phase 1: Project planning — including recruitment of postgraduate research students (one
doctoral, and one Master’s student) and an intern (Computer Science/IT)

Phase 2: Literature survey — Assessment and collation of research conducted on emerging
contaminants of concern in South African water resources.

Phase 3: Website/Database design including logo design and design of several layers within
the database targeted at citizen, stakeholder and individuals in the agricultural sector.
Compilation of identified emerging contaminants of concern in water, their occurrence including
hotspots and their distribution in catchment areas in South Africa in a user-friendly online
database.

Phase 4: Inclusion of analytical methods of identification and levels of CECs in waterways.
Initiation of a study to establish the fate of selected CECs and persistence. Testing of
website/database.

Phase 5: Population of interactive knowledge hub and database, retesting and restructuring
based on feedback from experts in the reference group.

Phase 6: Validation of selected analytical methods and protocols for identification of CECs in
South Africa. Identification of knowledge gaps.



Phase 7: Update of interactive knowledge hub with databases for all-inclusive information on
emerging contaminants of concern in South Africa surface water sources. Publicity drive of the
knowledge hub.

Phase 8: Report writing and preparation of scientific and popular articles for publication.
Presentation of the knowledge hub at several workshops, scientific conferences, via. radio
interviews and at scientific publicity events/ roadshows.



CHAPTER 2: KNOWLEDGE HUB ACHITECTURE

2.1  LOGO DESIGN

The incorporation of a logo design for the CEC KH was seen as an extremely important output due to
the continued promotion and recognisability of the site. By designing a logo it will give the KH a
distinguishable look and feel and the aim is to grow the KH as a brand of its own (Foroudi et al., 2017).
A logo design can be literal or figurative and the concept was to include water and knowledge processes
within them in the design. To this end, three logos were designed and one was selected based on Team
member appeal, usability, versatility and a voting process.

The logo aims to combine contaminated and non-contaminated water sites and eludes to how we are
looking through water in order to find the answer. The theme is based on a corporate identity and can
be altered to include icons and infographics. These could be used in order to allow for versatility in
communication, i.e. bombs (bad quality), eye (loading), fish (target organism), this could be done by
altering the water icon shapes.

The option selected as the preferred candidate logo was due to its popularity (8/10 votes) and versatility
within the front-end website design. The logo was also decided as it was simple to use and could be
altered according to specific bounds to maintain the logo identity. Each nodule could be used in order
link different aspects to the website (Figure 1).

The colours used within the design are a blend of all five institutions (WRC, ARC, TUT, Unisa and NWU)
involved within the CEC KH and the incorporation of green and blue are meant to invoke a feeling of
calm rather than a panic or stress response. The imaging used which illustrates signal to brain shows
how intellect was applied to resources in water that leads to thought and action (light bulb). The full
image is not meant to resemble any specific contaminant but rather all of them: chemicals, contaminants
bound to plastic, nanomaterials with functional groups.
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Figure 1: Selected logo design for the Contaminants of Emerging Concern Knowledge Hub

2.2  KNOWLEDGE HUB LAYOUT

The CEC KH domain was registered as www.ceckh.agric.za/ (Figure 1). The domain can be updated
to a “.com” website at a later stage should this be necessary. The process was delayed by internal
reviews at the ARC due to risks associated with potential cyber-attack and was only released at the end
of June 2022. Now that this is approved the Team is allowed access off server. Security certificates are
in the process of acquisition by ICT at the ARC, this will allow for the site to be accessed without the
server being compromised.
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Figure 2: The new domain registered for the CEC Knowledge Hub

CITIZEN PAGE UPDATES

The citizen page has been updated to include a downloadable pdf document as well as a short video
clip, approximately three minutes long, which describes each contaminant class and how they are able
to enter the environment in layman’s terms to ensure that it is understandable to anyone accessing the
hub .
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Figure 3: The Citizen page for the CEC Knowledge Hub
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Figure 4: The Citizen page when clicked to show short video for the CEC Knowledge Hub

AGRICULTURAL PAGE UPDATES

The Agricultural Page has been finalized and focus was placed on how CECs enter the environment,
where the potential input could come from and when they would be deposited into aquatic ecosystems.
The page has been updated to reflect an agricultural scenario with various possible contaminant
sources to be aware of, it also shows where soil or water samples should be collected. All media used
was created in Canva pro. The idea is that this page could be expanded upon to reflect emerging issues,
such as how poor water quality affects precision agriculture, which uses various sensors prior to dosing.
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Figure 5: The landing page for the Agricultural page of the CEC Knowledge Hub

STAKEHOLDER PAGE UPDATES

The Stakeholder Page has been updated as suggested in the Reference group meetings. The data
when imported now includes a DOI checker, which ensures no data duplication takes place. Where



available CAS numbers are included per contaminant in the CEC Knowledge Hub. Bulk importing is
possible to ensure minimal time is used to upload data and the data can be exported in an excel format
for further processing by the user. The map interface remains unchanged but ICT is working on the best
way to include the number count of contaminants per class within the HUB. Currently we have 590 data
points, which are being updated by researchers within the project prior to the final reporting period, this
will ensure that the report is not misrepresented by not including all available literature. The data search
has therefore been expanded upon beyond SCOPUS to include other DHET accredited journals.
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Figure 6: The DOI precheck in Stakeholder page of the CEC Knowledge Hub
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View Name Of Contaminant Commonly Known ~ Sampling Site CECType  Data Reference
Data As
faecal coliforms Coliforms Stagnant greywater in the RR Section in Khayelitsha; Western Cape Microbial https://doi.org/10.2166/ws.2020.040
Escherichia col E. col Stagnant greywater in the RR Section in Khayelitsha; Western Cape Microbial https://doi.org/10.2166/ws.2020.040
Possible pathogenic Gram-negative Bacterial pathogens  Stagnant greywater in the RR Section in Khayelitsha; Western Cape Microbial https://doi.org/10.2166/ws.2020.040
microorganisms

Bacterial contaminants Bacteria The Plankenburg River which runs through the town of Stellenbosch (Western  Microbial DOL:€10.2166/wst. 2016.054

Cape Province)
Bacterial contaminants Bacteria The Diep River which is located in the South Western Cape Region; Northof ~ Microbial DOL:§10.2166/wst.2016.054

Cape Town
Titanium dioxide nanoparticles ntio2 NW Dam Nanomaterials ~https://doi.org/10.2166/ws.2019.185
Titanium dioxide nanoparticles nTio2 WC1 Dam Nanomaterials https://doi.org/10.2166/ws.2019.185
Titanium dioxide nanoparticles nTio2 FS Dam Nanomaterials ~https://doi.org/10.2166/ws.2019.185
Titanium dioxide nanoparticles nTio2 WC2 Dam Nanomaterials ~https://doi.org/10.2166/ws.2019.185
Titanium dioxide nanoparticles nTio2 NC Dam Nanomaterials  https://doi.org/10.2166/ws.2019.185
Triclosan TCs WWTP in the North-West; Potchefstroom Pesticides https://dlof.org/10.2166/wst.2019.300

Continue Data Capture

Figure 7: An example of the DOI precheck search results in Stakeholder page of the CEC Knowledge
Hub
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Figure 8: The bulk import function using the Excel template in the Stakeholder page of the CEC
Knowledge Hub
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ImportData NameOfContaminant CommonlyKnownAs  Sampling Site Feature At Sampling Site  CEC Type Date Captured

Erythromycin

and Personal Care Products 2022-12-13

hromyein (ERY) Inanda Dam inlet/ Umgeni River Pharmaceutica

Figure 9a: The bulk import precheck function in the Stakeholder page of the CEC Knowledge Hub
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AL - KNOWLEDGE HUB CEC DATA EXPORT N

1 |
2

3 Contaminant Name Commonly Known As Metabolites 1UPAC Name

4 |pesticides - Triclosan  TCS TCs-glucuronide 5-chloro-2-(2:4-dichlorophenoxy)phenol 2:4:4-Trichloro-2-hy
5 |pesticides ~ Tridosan  Tcs TCs-glucuronide 5-chloro-2-(24-dichorophena)phenol 244 Trichoro 2
6 [pesticides ~ Tridosan 1¢s Tcs-glucuronide chlorophenoxphenal Trichioro-2-hy
7 pesticides ~ Triclosan  TCS TCs-glucuronide ichlorophenoxy)phenol Trichloro-2-hy
8 pesticdes ~ Tridosan  Tcs Tes-glucuroride chlorophenoxphenal richloro-2-h
9 pesticdes - Tridosan  Tcs Tes-glucuroride chlorophenoxphenal richloro-2+h
10 [pestides - Tridosan  7cs TCs-glucuronide chlorophenoxyphenal Trichioro-2-h
11 [pesticdes - Tridosan 7cs Ts-guauronide chlorophenoxphenal Trichioro-2-hy
12 [pesticdes - Tridosan  7cs TCs-glucuronide chlorophenoxphenal Trichloro-2-hy
13 pesticdes - Tridosan  Tcs Tes-glucuroride chlorophenoxphenal richloro-2-h
14 pesticides - Tridosan  Tcs Tes-glucuroride chlorophenoxphenal 454 Tichoro-2-h
15 [pestcides ~ Pyrethroid  PYR (Permethrin: Pyrethins: Pyrthrum) Cis- and acid:3-PBA &-3-PBA; s-DCCA: trans-DCCA and s DBCA ( @2p 0 yethrins and Py
16 [pestcides - Pyrethroid _ PYR (Permethrin: Pyrethins: Pyrethrum) Cis- and « 3 ] Pyrthrins and Py
47 [pestcdes - Pyrethroid  PYR (Permethrin: yrethins: Pyrthrum) Cis- and ( o Pyrthrins and Py
18 pestcdes - pyrethroid  PYR (Permethrin; yrethins: pyrethrum) Cis- and a o pyrthrins and Py
19 pestcdes - pyrethroid  PYR (Permethrin; yrethins: pyrethrum) Ci- and a " yrthrins and Py
20 pesticides - yrethroid  PYR (Permethrin: pyrethins: Pyrethrum) Cis- and a (@2p 0 yrthrins and Py
21 |pestiides ~ Pyrethroid_ PYR (Permethiin: Pyrethrins: Pyrethrum) Cis- and o i perta-2: Pyrthrins and Py
22 pesticides ~ Cypermethin. CP: Alpha Cypermethrin  cis-and trans(141C : : Alpha-cypermethri
23 pesticices - Cypermetirin. CP; Alpha Cypermethrin s and trans(14)C : Alphs-cypermethri
24 pestcides - Cypermethrin. CP; Alph Cypermethrin is-and trans(14)C I : Alpha-cypermethir| |

26

KH_CEC Data

Figure 10: An example of the Excel template used for data export in the Stakeholder page of the CEC
Knowledge Hub
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Figure 11: The final map of the data on the Stakeholder page of the CEC Knowledge Hub, legends will
include the number of points per contaminant

2.3 APPLICATION DEVELOPMENT/KNOWLEDGE HUB FRAMEWORK

The framework of the knowledge hub is setup into three distinct areas.

1- Data Input
2- Data Processing
3- Visualization

DATA INPUT DATA VISUALIZATI
PROCESSING ON

The framework will stay the same but the underlying technologies used to make the system will be
modified or changed when the system is built to its final version. The idea is to keep it as simple as
possible whilst allowing scalability and modularity to allow the ease of plugging in or removing
technologies as newer and better possibilities are considered or found.

Core technologies used here are

- HTML — HTML is the abbreviation for Hypertext Mark-up Language. It is the standard mark-up
language for documents designed to be displayed in a web browser. It can be assisted by
technologies such as Cascading Style Sheets (CSS) and scripting languages such as PHP or
JavaScript

- CSS - CSS is the abbreviation for Cascading Style Sheets. It is a style sheet language used
for describing the presentation of a document written in a mark-up language such as HTML. It
is a cornerstone technology of the World Wide Web, alongside HTML and JavaScript.
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- PHP — PHP is the abbreviation for Hypertext Pre-Processor. It is downloadable freeware
software (http://www.php.net). It is a general-purpose scripting language especially suited to
web development

- MySQL — MySQL 8 is the latest version of the open-source relational database management
system and will be the primary DBMS used for the backend database. MySQL is especially
suited for internet/cloud based systems such as the knowledge hub. [https://www.mysql.com/
accessed 2021]

- Python 3.8 — Python is a programming language that lets you work more quickly and integrate
your systems more effectively. Its role in this project is mainly for systems integration.

- Windows server 2019 machine (which is a virtual machine on Microsoft Virtual Server)

- GeoServer 2.17 — GeoServer is an open source server for sharing geospatial data. Designed
for interoperability, it publishes data from any major spatial data source using open standards
[http://geoserver.org/ accessed 2021/01/05] (Figure 5).

Figure 12: The GeoServer start page

- Apache Tomcat 9 — is the open source implementation of the Java Servlet, JavaServer Pages,
Java Expression Language and Java WebSocket technologies. With Tomcat, you can power
large-scale, mission-critical web applications [https://www.techrepublic.com/article/how-to-
install-apache-tomcat-on-ubuntu-server-16-04/ accessed 2021/01/05] (Figure 6).
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Tomcat Web Application Manager

[Message: ok ]

[Manager |
|L\s\ Applications HTML Manager Help Manager Help Server S(a(usl

Path Version Display Name Running Sessions, Commands

Start [ Stop | [ Reload | [ Undeploy

Expire sessions | with idle 2[30____| minutes
Start [ Stop | Reload | [ Undeploy
[ Expire sessions |withidle 2[30 | minutes
Start [ Stop | [Reload | [Undeploy |

Expire sessions | with idle 2 [30 minutes.
Start | Stop | | Reload | [ Undeploy
[‘Expire sessions |withidle=[30 | minutes.
Start [ Stop | [Reload | [Undeploy |

Expire sessions | with dle 2 [30 minutes

Start_Stop_Reload_Undeploy

[Expir sessions | with dle 2 [30 minutes.

None specified Welcome to Tomeat true

ldocs None specified Tomcat Documentation true

/examples None specified Servlet and JSP Examples true Q

lgeaserver None specified GeoServer true

host-manager None specified Tomcat Host Manager Application true

Imanager Nore specified Tomcat Manager Application true

Deploy

Deploy directory or WAR file located on server

Comextpath [ ]
Version (for parallel deployment)
XML Configuaton lepath: |

Figure 13: The Tomcat Web Application Manager used for development of the Contaminant of Emerging Concern
Knowledge Hub

- Leaflet 1.7.1 — Leaflet is the leading open-source JavaScript library for mobile-friendly
interactive maps. [https://leafletjs.com/ accessed 2021/01/05]. The viewer itself uses HTML 5
and Leaflet, Ajax and plain old JavaScript.

The core of the system is built on a virtual machine hosted by the Agricultural Research Council ICT
infrastructure and service delivery division. Currently hosting of the system is done on a virtual server
only accessible from within the ARC network. On launch, once the system goes live, it will be hosted
on a virtual server accessible from outside the ARC as well.

2.3.1 Datainput

Technologies used in the beta version are Microsoft Excel Spreadsheets and scripts written in python
3.8, which at the time of writing was the most stable latest release of python, and MS Excel was being
used to test the whole build concept. The Spreadsheet sits in a shared directory on the ARC network
at SCW and the researchers can edit or change it at will. There are currently no checks and quality
checks built in as the system is still being developed. The idea is to move this into an online database
with quality checks and approval processes.

Currently data input into the system entails a network-based spreadsheet that the researchers edit, this
is replicated to another excel spreadsheet that sits on windows server on the virtual machine which is
then exported as a csv into the PostgreSQI database on the virtual machine (Figure 7).
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Figure 14: A screenshot of the PostgreSQL Database with test data

The production version, i.e. the next iteration of the system when the database backend is created will
be a MySQL database replicating to a PostgreSQL database. We have created the database schema
(Figure 8) and are well on our way to creating the database itself. MySQL is downloadable freeware
software (https://dev.mysqal.com/downloads/mysqgl/. It is an open-source relational database
management system

Excel-File-Field-Name MySQL-Field-Name Data Type C
KH_ID Bigint Primary key for the table
Solubility in water Sol_Water decimal(13,10)  |Solubility of contaminant in water
Sampling site Samp_Site varchar{255) Drop down field with options for different contaminants
Feature at sampling site Samp_Site_Feat varchar{255) Unique features recorded at sampling site
point_latitude Lat decimal(13,10)  |Sampling point latitude
point_longitude Long decimal(13,10) |Sampling point longitude
Coordinate-Status Coord_Status varchar(255) Differentiate between actual site coordinates or sampling site general coordinates
Sample collection notes Samp_Coll_Notes varchar{255) Other sample collection notes
Instrument used Inst_Used varchar(255) Details regarding the instruments used for the sampling
Concentration detected in sample Dect_Con_Samp varchar(255) Concentration detected in sample
Detection limit of machine Mac_Detect_Lim varchar{255) Detection limit of machine
Reference for analysis method Analysis_Meth_Ref varchar(255) Reference for analysis method
Replicates collected Rep_Coll varchar(255) Replicates collected
Unit of measure Meas_Unit varchar{255) Unit of measure
Unit of measure_full name Meas_Unit_full varchar(255) Unit of measure_full name
Data Reference / DOI Data_Ref varchar(255) Data Reference / DOI
Chemical abundance in the sample Samp_Chem_Abun varchar(25) Chemical abundance in the sample
Name of contaminant ContaName varchar{255) Name of contaminant
Contaminant-Type ContaType varchar(25) Contaminant-Type
Commonly known as AKA varchar(255) Commeanly known as
Metabolites Metabolites varchar(255) Metabolites
IUPAC Name IUPAC_Name varchar{255) IUPAC Name
Synonym Synonym varchar(255) Synonym
Formula Formula varchar(255) Formula
Molar mass Molar_Mass varchar{255) Molar mass
Density Density varchar(255) Density
Melting point Melt_Point decimal(3,5) Melting point
Boiling point Boil_Point decimal(3,5) Boiling point

Figure 15: The MySQL database table design information extracted from the developed excel spreadsheet

This database will consist mainly of data gathered and then used in the detection and monitoring of
contaminants of emerging concern (CEC’s) in South African water resources.
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2.3.2 Data processing

Currently to test the concepts that the developers implemented, python scripts have been written to
export the spreadsheet data into the PostgreSQL database that is then published on GeoServer as a
web mapping service (WMS) ready to be consumed by GIS internet technologies. GeoServer uses
PostgreSQL database with the PostGIS extension as its native database or database of choice for
spatial data.

The python script creates a copy of the spreadsheet on the virtual machine and copies all relevant data
from the network spreadsheet. It will then export all the data into the postgreSQI database (Figure 9).

Data Input Data Processing Visualization

Apache Tomcat
“ h “
@ H GeoServer Cloud/Internet
2

I.E aflet Web Mapping]
Viewer
7

Il Windo\'.us Se'rver

Virtual Machine Internet

Figure 16: An overall summary of the Contaminant of Emerging Concern Knowledge Hub Beta

This part of the system is set up to run the update scripts twice a day to check for new
edits/additions/changes on the original excel spreadsheet, these are then pushed to the shapefile to be
populated with these new updates.

The same methods are going to be used in the final version were the database that users interact with
will replicate to a posgreSQl database. Ultimately, what is envisaged is that the spreadsheets will be
replaced by a web-based database interface that will allow registered users to enter into the system.
The revised version (Figure 10) will not use spreadsheets but web pages for entering data into a MySQL
database which will replicate to an instance of PostgreSQL database running a PostGIS extension.
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Data Input Data Processing Visualization
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Figure 17: The envisaged final ICT system for the Contaminant of Emerging Concern Knowledge Hub

From the exported data in PostgreSQL database the latitude and longitude fields are used to plot each
record spatially/on a map and thus better visualize it for better decision making. The move from plain
database records to a map layer is managed in GeoServer.

2.4 Data visualization

Technically there are two visualization modules of the project but these are merged into one seamless
experience for the end user. The user interface and data entry is developed in HTML, CSS, JavaScript
and Php.

User interface

Development of the system’s user interface/front-end will be done using the latest versions of PHP in
combination with HTML, CSS, JavaScript and Php. The above-mentioned technologies will be used to
develop the different pages of the system. These include a page where researchers can upload certain
information regarding CECs. This info will be available on the system as soon as a quality control
process used to verify the info supplied, has completed

Geospatial Visualization

A SQLView layer is published on GeoServer as a WMS/WFS service. A SQL View layer is a dynamic
layer in GeoServer created from a SQL script to be executed on each request for data that queries the
Postgres database in our case. It utilizes the latitude and longitude data to create a point. A SQL View
layer can be used to perform complex database queries to derive content for a layer (Figure 11).
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Figure 18: SQLView Layer definition in GeoServer

Custom styling and custom icons, created by developers at ARC-SCW are then applied to the
layer before it is published as a service (Figure 12).
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Figure 19: Custom Layer Styling

Icons are created in GIMP (GNU Image Manipulation Program), an open source image editing
software. A color palette from the WRC logo is used in the creation of these icons (Figure 13).
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Figure 20: Creating custom icons in GIMP

The WMS is consumed using Leaflet. The leaflet web-mapping viewer shows some context
layers and sampling sites as points on a dynamic map (Figure 14).

Windhoek

Figure 21: Sample points in Leaflet viewer

Leaflet allows for dynamic map capabilities on the data, the ability to zoom in and out of points,
add different context layers, and turn layers on or off. It creates an environment with a myriad
of valuable options that can be used to further unlock the data and get more information from
it (Figure 15).

18



G samoe stes

Places
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CHAPTER 3: DATA MINING

Data input spreadsheets were developed by the Research Team. The spreadsheets were developed
in two sections as presented in Table 1 (i) Contaminant information table which inputs all available
information relating to each contaminant per group - this would include common names, official IUPAC
naming as well as it's metabolites. Furthermore, it includes basic breakdown and solubility information
(ii). The Environmental information table, which includes information mined from published manuscripts
- this included site information (co-ordinates or catchment), concentration detected, methods used for
extraction and quantification as well as the Digital Object Identifier (DOI) per method used as well as
the manuscript link itself. The data input sheets were used to extract data from published manuscripts
and will be used to develop the input sheets required on the front-end website design. The CEC table
exports can be found in Supplementary information (Supplementary Table 2).

Table 1: The contaminant information per selected contaminant within each group as extracted from
accredited online sources.

Contaminant information

E.g.
Knowledge Hub ID Unique identifier (To be confirmed)
Name of contaminant Dichlorodiphenyltrichloroethane
Commonly known as DDT
Metabolites DDE, DDD, p,p'-DDT, o0,p'-DDT, 0,0'-DDT

1,1'-(2,2,2-Trichloroethane-1,1-diyl)bis(4-
IUPAC Name chlorobenzene)
Synonym
Formula C14HoCls
Molar mass 354.48 g-mol
Density 0.99 g/cm?
Melting point 108.5°C (227.3°F; 381.6 K)
Boiling point 260°C (500°F; 533 K) (decomposes)
Solubility in water 25 pg/L (25°C)

Environmental information

E.g.

Sampling site ZWARTKOPJES
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Feature at sampling site Collected at dam wall

Point_latitude -26.3797
Point_longitude 28.0711
Origin of co-ordinate Exact co-ordinate/Catchment site

Collected by boat/edge of the bank/using a

Sample collection notes sample grabber

Instrument used GC-MS/GC/Q-TOF

Concentration detected in
sample/Detection limit of | <0.001 ng/L

machine

Reference for  analysis | , .. 1, 3390iemh14050456
method

Replicates collected n=3

Unit of measure mg/L

Unit of measure full name MILLIGRAM PER LITRE

Data Reference/DOI DOl of article used

3.1 SELECTION OF CECS

The selection of CECs was based on current information in literature as well as international databases
as outlined below. The following CECs were selected as the primary contaminants within the CEC-KH:
Perfluoroctane Sulfonate (PFOS), Alkylphenols (AP) and Alkylphenol Ethoxylates (APE),
Polybrominated Diphenyl Ethers (PBDEs) or Flame Retardants, Polychlorinated Biphenyls (PCB),
Polycyclic Aromatic Hydrocarbon (PAHs), Current Use Pesticides, Pyrethroid, Cypermethrin,
Chlorinated Paraffins, Pharmaceuticals and Personal Care Products (PPCP), Microbiological CECs,
Triclosan, Microplastics, Engineered Nanomaterials (ENM) and Heavy metals.

3.2.  CHEMICAL CLASSING

3.2.1. Globally Harmonized System of Classification and Labelling of Chemicals

The Globally Harmonized System of Classification and Labelling of Chemicals (GHS) aims to classify
chemicals by their hazard potential and propose a harmonized system to be used which would be
globally recognizable. Since chemicals pose a risk during all phases of the lifecycle (production,
transport, product usage and release) they could pose a danger to both humans and the environment.
If chemicals are classed into this system they become internationally applicable which would be useful
as the Knowledge Hub can be expanded upon to the rest of Africa.

The GHS system uses three classes of classification (i) Physical hazards group: These risks are
classified according to their physical or chemical features. Anyone who comes into contact with these
dangers may suffer physical injury. Examples include Flammable Liquids and Solids, Radioactive
Materials, and Corrosives. (ii) Health hazards group: Exposure to these dangers can result in negative
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health impacts in users. Examples include acute toxicity, carcinogenicity and respiratory sensitization.
(iii) Environmental hazards group: When released into air, water or land this group of hazards can have
a negative impact on biota. Examples include acute aquatic toxicity and rapid bioaccumulation potential.
Because it is not recognized or enforced as a hazard in the United States and Canada, this is the hazard
group that is most often overlooked. A challenge would be that manufactures would be required to
classify the products they manufacture which could lead to further issues with intellectual property
protection. There are already various classification systems in place and each are not without their
challenges.

3.2.2. Classification and categorization of emerging contaminants

Emerging contaminants are unregulated contaminants found in the environment and it is becoming
apparent that the vast majority of contaminants being produced are unregulated while a small amount
is regulated by governing bodies worldwide. As our detection tools have improved over the last 10-15
years we have begun to realize that there is a large chemical universe which is still unidentified
(Stefanakis and Becker, 2020). One of the major issues with classifying CECs is that their potential
risks on the aquatic environment and biota within it remains largely unknown.

Dey et al. (2019) make mention of the NORMAN list of classification, but this is still under development
as only the complete list of CECs is currently available (https://www.norman-
network.net/sites/default/files/files/Emerging_substances_list Feb_16/NORMAN%20list 2016_FINAL
XLSX). An example of the prioritized list of CEC classification can be seen outlined in Figure 23.
Stefanakis and Becker (2020) propose a three tier category system as follows: i) chemicals that have
only lately entered the environment (e.g. industrial additives), ii) substances that may have been present
in the environment for many years in the past, but whose presence was only recently discovered and
whose relevance began to pique curiosity (e.g. pharmaceuticals) and iii) chemicals that have been
known for a long time but whose potential for harm to humans and the environment has only lately been
discovered (e.g. hormones). An example of a pharmaceutical classification can be found in Figure 24.

Algal 1oxins

Biocides and their transformation products (imcludes agneuliural and plant
protection products)

Bioterrorism and sabotage agents (includes chemical and biclogical warfare
agenis)

) Disinfection by-products

Industrial chemicals (includes biocides, flame retardants, lubricants,
antimicrobial agents, pasoline, and food additives, plasticizers)

.Main categories/classes

Personal care products (includes domestic biocides, disinfectants, cosmetics,
food additives, surfactants)

Emerging contaminants

Pharmaceuticals (includes prescription drugs and drugs of abuse)

Figure 23: Classification and categorization of emerging contaminants as outlined by Dey et al. (2019)
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Emerging Contaminant groups Examples

Pharmaceuticals

Human antibiotics and veterinary Trimethoprim, erytromycine, amoxicillin, lincomycin, sulfamethaxozole, chloramphenicol

. .. Ibuprofene, diclofenac, paracetamol, codein, acetaminophen, acetylsalicilyc acid,
Analgesics, anti-inflammatory drugs P p ' phen, acely 4

fenoprofen
Psychiatric drugs Diazepam, carbamazepine, primidone, salbutamol
f-blockers Metoprolol, propanolol, timolol, atenolol, sotalol
Lipid regulators Bezafibrate, clofibric acid, fenofibric acid, etofibrate, gemfibrozil
X-ray contrasts lopromide, iopamidol, diatrizoate
Personal care products (PCPs)
Fragrances Nitro, polycyclic and macrocyclic musks, phthalates
Sun-screen agents Benzophenone, methylbenzylidene camphor
Insect repellents N,N-diethyltoluamide

Endocrine Disrupting Chemicals (EDCs) Octylphenols, nonylphenols, Di(2-ethylhexyl)phthalate (DEHP)

Hormones and steroids Estradiol, estrone, estriol, diethylstilbestrol (DES)

Perfluoronated compounds Perfluorotoctane sulfonates (PFOs), perfluoroctanoic acid (PFOA)

Alkylphenol ethoxylates, 4-nonylphnol,

Surfactants and surfactant metabolites 4-octylphenol, alkylphenol carboxylates

Polybrominated diphenyl ethers (PBDEs): polybromonated biphenyls (PBBs) -
polybromonated dibenzo-p-dioxins (PBDDs) — polybromonated dibenzofurans (PBDFs),
Tetrabromo bisphenol A, C10-C13 chloroalkanes, Tris (2-chloroethyljphosphate,
Hexabromocyclododecanes (HBCDs)

Flame retardants

Industrial additives and agents Chelating agents (EDTA), aromatic sulfonates
Gasoline additives Dialkyl ethers, Methyl-t-butyl ether (MTBE)
Antiseptics Triclosan, chlorophene

Figure 24: Classification and categorization of emerging contaminants as outlined by Stefanakis
and Becker (2020)
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3.3  DATAINPUT

The CEC Knowledge Hub currently has four main contaminant classes namely organic contaminants,
inorganic contaminants, particulate contaminants, and microbiological contaminants. Of these inputs
there are currently (December 2022) 590 data points present within the hub where the majority are
PPCPs followed by microplastics (Figure 25).

Alkylphenols and Polycyclic aromatic
Alkylphenol Ethoxylates hydrocarbon

Heavy metals

Microbiological

Microplastics

Pharmaceuticals
and Personal
Care Products

Nanomaterials

Current use
pesticides

n = 590

Figure 25: The frequency of terms of all Contaminants currently listed in the CEC Knowledge Hub

3.3.1. Organic contaminants
Alkylphenols and Alkylphenol Ethoxylates (APEs)

Since the 1940s, a series of synthetic compounds known as alkylphenols and their precursors, or APEs,
have mostly been employed as surfactants in detergents and cleaning solutions for home and industrial
purposes (Klosterhaus, Allen and Davis, 2012). APEs are also used as "inert ingredients" in pesticide
formulations as additives to enhance efficiency, in the manufacture of paper, leather and textiles,
metalworking, as chemicals in oil fields and for the cleanup of oil spills, and as components of paints,
adhesives, personal care products, and spermicidal lubricants. APEs are categorized as high
production volume (HPV) chemicals due to their global production volume of over a million tons. When
APs and ethylene oxide react, a molecule made up of the AP and the ethoxylate moiety is produced,
which is used to make APEs. APEs are water soluble owing to it structure, which also aids in removing
grease and debris from dirty surfaces. Nonylphenol ethoxylates (NPEs) the most common APEs are
produced in the U.S. and make up 80 to 85 percent of all APEs manufactured commercially (Acir and
Guenther, 2018).
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Very few studies conducted in South Africa report on the levels of APEs in surface waters (Figure 26).
The reported concentration range of the metabolites of APEs were as follows: Nonylphenol (NP) 0.38-
9.35 ug/L (Sibali, Okonkwo and McCrindle, 2010); NPEs 0.08-0.31 ug/L (Chokwe et al., 2015; Sibali,
Okonkwo and McCrindle, 2010), nonylphenol monoethoxylate (NP-1EO) 0.044-0.73 ug/L (Chokwe et
al., 2015), nonylphenol di-ethoxylates (NP-2EO) 0.13-0.94 pg/L (Chokwe et al., 2015), octylphenol
penta ethoxylates (OPPEs) 0.31-6.01 pg/L (Chokwe et al., 2015; Sibali, Okonkwo and McCrindle, 2010)
and octyl phenol ethoxylates (OPnEO3) 60.1-92.7 ug/L (Sibali, Okonkwo and McCrindle, 2010). The
two sites studied are the Vaal River and Jukskei River catchment areas, both in the Gauteng Province
of South Africa. Farounbi and Nggwala (2020) reported NPs and octylphenol (OP) in the range of 0.031-
2.55 pg/L and 0.0097-2.72 ug/L, respectively, in four major rivers of the Eastern Cape (Bloukrans,
Buffalo, Swartkops and Tyume). There is a pressing need for such investigations in the other provinces
around South Africa as evidenced by the paucity of published studies on the freshwater levels of APEs
and their metabolites in other provinces.

Nonylphenol monoethoxylate

Phenol

Octylphenol

Alkylphenol ethoxylates

Nonylphenol di-ethoxylates

Figure 26: The frequency of terms of all Alkylphenol ethoxylates currently listed in the CEC Knowledge Hub
Polychlorinated Biphenyls (PCB)

Polychlorinated biphenyls are not a single chemical, rather a group of related chemicals, belonging to
broad family of human-made organic chemicals known as chlorinated organic chemicals that have been
developed for a variety of industrial and commercial purposes. These chemicals were manufactured
worldwide from 1929 until the United States of America banned their manufacture in 1979. The ban on
PCBs was primarily due to mounting scientific evidence that PCBs accumulate in the environment and
at high, enough concentrations adversely affect humans and other biota — the ban took place under the
Toxic Substances Control Act (Piramoon et al., 2017). Although the ban stopped production, lipophilic
PCBs are able to bioaccumulate in lipid tissue of higher organisms including humans, and are still
present within the environment and remain an emerging concern at waste sites.
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Due to the chemical stability, ability to avoid inflammation, insulating properties and high boiling points
PCBs have been used to hundreds if not thousands of commercial products. Some of these products
include transformers and capacitors, oils used hydraulic equipment; as plasticizers in paints, rubber
products; in pigments, dyes, and carbonless copy paper and electrical equipment including voltage
regulators, switches, re-closers, bushings, and electromagnets (Bjurlid at al., 2017). Due to their wide
use and persistence in the environment they can be released and accumulate further by waste disposal,
vaporization from unenclosed uses, volatilization and runoff from landfills containing PCB waste,
accidental release of PCBs during the industrial process and as well as incineration of waste containing
PCBs (Kampire et al., 2017).

Current Use Pesticides

The term “pesticides” includes all insecticides, herbicides, fungicides, rodenticides, and antimicrobials.
Based on the literature reviewed with papers obtained from the key words “Current use of pesticides
AND South Africa AND water”, it can be concluded that the South African waterways are greatly
threatened by agrochemicals such as fertilizers and pesticides. While some pesticides are already
subject to regulation throughout the country, many more are not regulated nor monitored in our
waterways. For example, there is still a gap in studies that focus on interaction points in water systems
such as estuaries that are a link between fresh and saline water bodies. Furthermore, majority of the
surface studies are on WWTPs mainly in big cities such as Johannesburg but there is little focus on
rural communities and other provinces in the country. There is a great disproportionality between the
number of permitted-for-use pesticides and regulated pesticides in South African surface water sources.
Evidently, there are specific pesticide characteristics gaining increasing attention such as toxicity and
susceptibility tests of certain pesticides in various animals especially fish. There is undoubtedly a sizable
knowledge gap that has to be addressed and targeted for further study, but many pesticides also lack
regulatory guidelines. There should be more focus on first establishing standard limits as there still are
pesticides that have been permitted to be used for decades yet are not regulated even though they are
detected.

Pyrethroid, commonly known as PYR or Pyrethrin, is produced using pyrethrums flowers
(Chrysanthemum cinerariaefolium and C. coccineum) (Chrustek et al., 2018). It has been in use or
manufacturing since 1977 for uses in the commercial agricultural market, where it is frequently used as
a pesticide (Ensley, 2018). These substances are well known for targeting the voltage-gated calcium
and voltage-gated chloride channels in insects' nervous systems, which results in "hyperexcitation"
(Ensley, 2018). These pollutants are discharged into our water systems via irrigation runoff, storm-
related soil erosion, and airborne spraying (Mi et al., 2019). Since they normally do not enter the
groundwater table, once present, they can partially dissolve and bind to soil particles at shallow depths
(Zhu et al., 2020). Acute toxicity to aquatic life, such as fish and various invertebrates, is among the
dangers of exposure (Zhan et al., 2020).

A total of four studies — of which five sites were chosen — have been carried out based on the literature.
The ranges detected were between 0.00006 and 132.878 pg/L with majority of the studies focusing only
on water and its impact on human health but also included information on concentrations in human
breast milk (0.072 ug/L). Few studies have been published on PYR in water in South Africa.

Cypermethrin is commonly known as CP or Alpha-cypermethrin and is a synthetic pyrethroid known for
being fast-acting neurotoxin in pests but generally regarded as a moderately toxic pesticide that is very
toxic to fish and other aquatic organisms (Yilmaz and Erbaslh, 2004). CP has been in use/production
since 1974 for application in large scale agriculture initially in the cotton farms but later gained popularity
in fruit and vegetable pest control as well (World Health Organization, 1992). Once present, these
pollutants can rapidly breakdown in soil but remain "fairly immobile" in water due to low solubility. They
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are introduced into our water systems through runoff during rainstorms and air drift during spraying
(World Health Organisation, 2014). High fish toxicity, immobilization, and potential death of unintended
insects and terrestrial animals are some of the risks linked with exposure (Ylmaz and Erbasl, 2004).

According to the literature, three locations were chosen for a total of two CP studies that were conducted
in South Africa (Figure 27). The ranges detected were between 0.000 and 0.028 pg/L. Data found
prioritized the detection as well as impact of Cypermethrin persistence in humans with insufficient data
on the environmental and ecological impact.

2,4-Dichlorophenoxyacetic acid

Triclosan Azinphos-methyl

Cypermethrin

Deltamethrin

DDT

Pyrethroid

Current use pesticides

Endosulfan

Glyphosate

Polychlorinated Organochlorine
biphenyls n pesticides

Figure 27: The frequency of terms of all Current use pesticides currently listed in the CEC Knowledge Hub
Chlorinated Paraffins

Since the 1930s, chlorinated straight-chain hydrocarbons, known as chlorinated paraffins (CPs), have
been synthesized in high quantities. CPs are often employed as additives in cutting fluids, lubricants,
as well as flame retardants in sealants, leather, and plastics because of their thermal and chemical
resilience (Chen et al., 2011; Bayen et al., 2006). As a result, CPs have been found in trace amounts
in a variety of environmental compartments, including freshwater, ocean, air, freshwater sediments,
aquatic and terrestrial biota, marine mammals, human tissues, and breast milk. Its widespread
distribution is likely caused by both the variety of applications and the incorrect disposal of products
containing CP (Bayen et al., 2006). Studies have suggested that CPs may be carcinogenic to humans
and have identified target organs for toxicity, including the kidneys, liver, the parathyroid and thyroid
glands, despite the lack of information on the biological effects, fate, and concentrations of CPs in the
environment (Ali and Legler, 2010). When coupled to mammalian toxicity there have been hypotheses
that CPs are biomagnified and bioaccumulated in food webs in addition to mammalian toxicity (Chen et
al.,, 2011). This warrants further investigation into the mechanisms underlying CP toxicity as well as
environmental monitoring and management. Due to the CPs' propensity to persist in the environment
and their potential for long-range environmental transport, more emphasis on legislation to manage
CPs is also necessary (Ali and Legler, 2010).
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Pharmaceuticals and Personal Care Products (PPCP)

Pharmaceuticals and personal care products are essential to human daily existence. With global
population increase and lifestyle adaptations pharmaceuticals are being used and discarded more often
by people and in animal husbandry. Pharmaceuticals are created specifically to treat or eradicate
infection or disease by influencing the physiology of the species (human or animal) (Arnold et al., 2014).
However, they may well become potentially hazardous pollutants in environmental matrices. However,
there has been an increase in research into the environmental impact of pharmaceuticals over the past
decade. Their abundance and fate in the environment are still largely unknown. The extent of PPCP
pollution of environmental matrixes has been highlighted by this increasing study interest and
advancements in analytical equipment which can detect these contaminants, even at extremely low
levels. Policy makers would need information and data from the multiple research efforts in order to
establish regulation of PPCPs (Agunbiade and Moodley, 2015).

Considering the large range of potential contaminants in the category, research on the pollution of
environmental matrices by PPCPs and their degradation products is scarce in South Africa. According
to Wood et al. (2015), RSA is the country that uses the most antiretroviral drugs per capita globally in
the effort to combat HIV/AIDS, which is projected to result in an increase in the concentration of these
medications released through the sewage system. Waterways in RSA have a substantial amount of
pharmaceutical pollution, according to research conducted there over the last decade. Considering the
large range of potential contaminants in the category, research on the pollution of environmental
matrices by PPCPs and their degradation products is scarce in South Africa. According to Wood et al.
(2015), RSA is the country that uses the most antiretroviral drugs per capita globally in the effort to
combat HIV/AIDS, which is projected to result in an increase in the concentration of these medications
released through the sewage system. Waterways in RSA have a substantial amount of pharmaceutical
pollution, according to research conducted there over the last decade. These include nonsteroidal anti-
inflammatory drugs (NSAIDs) along Mgeni and Msunduzi river sediments in KwaZulu-Natal (Gumbi et
al., 2017), antiretroviral medications in surface water sources throughout RSA (Wood et al., 2015),
antibiotics and analgesics in river and sediment samples from the Umgeni river/sediments, and
Hartbeespoort Dam (Rimayi et al., 2018). Others include analgesics/anti-inflammatory medications in
wastewater treatment plant (WWTP) sludge, antipyretics and antibiotics in the Msunduzi river in KZN
(Agunbiade and Moodley, 2015; Matongo et al., 2014), and more (Ademoyegun et al., 2020).
Antibiotics, NSAIDs, antihistamines, stimulants, anti-epileptics, anti-depressants, analgesics,
medications for diabetics and hypertension, drug precursors, plasticizers, UV filters, parabens, x-ray
contrast media, and beta blockers were among the 40 pharmaceuticals and PPCPs that Archer et al.
(2017) found in a surface water source in Gauteng. A targeted analysis of samples taken from the
Buffalo, Bloukrans, Swartkops, and Tyhume rivers in the Eastern Cape found high levels of antibiotic,
antiepileptic, and anti-inflammatory drug residues (Vumazonke et al., 2020) (Figure 28).

The reality that these chemicals are present in South African surface waters suggests that WWTPs are
ineffective at eliminating them throughout the sewage treatment process (Ademoyegun et al., 2020;
Hlengwa and Mahlambi, 2020). To reduce the levels in the environment, regulations for the disposal of
PPCPs must be put in place.
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Venlafaxine (anti

anxiety) Acetaminophen

(Paracetamol- pain killer)

Acetylsalicylic acid
(aspirin- NSAID)

Nevirapine (HIV)

Naproxen (NSAIDs)

Nalidixic acid Bezafibrate (treat

(antibiotic) cholesterol)
Carbamazepine
(epilepsy)
Ketoprofen
(painkillers)
Diclofenac
(inflammation)

Ibuprofen (NSAIDs)
Efavirenz (HIV)

Erythromycin
(antibiotic)

Amphetamine (ICE, speed, crystal meth)
Atenolol (hypertension)

Atorvastatin (treat cholesterol)
Azithromycin (antibiotic)
Benzophenone-3 (UV protector)
Bisphenol-A (plastic packages)
Caffeine

Clarithromycin (bacterial infection)
Clozapine (mood disorders)
Codeine (pain killer)

Cotinine {metabolite of nicotine)
Desvenlafaxine (antidepressant)
Emtricitabine (HIV)
Ephedrine/pseudoephedrine (nasal
congestion)

Etilefrine (cardiac stimulant)
Fexofenadine (antihistamine)
Fluoxetine (antidepressant, OCD)
Gliclazide (Type 2 diabetes)
lopromide (iodinated contrast agent)
Irbesartan (hypertension)

Lamivudine (HIV)

Licarbazepine (seizures and bipolar disorders
Meclofenamic acid (NSAID)

Metformin (type 2 diabetes)

Methocarbamol (muscle relaxant)
Methylparaben (preservative)

Metronidazole (antibiotic)
N-desmethyltramadol (metabolite of tramadol)
Nicotine

O-desmethyltramadol  (tramadol)
Paraxanthine (metabolite of caffeine)
Phenacetin (NSAID)

Propylparaben (preservative)

Salicylic acid (skin treatment)

Sulfamethazine (antibacterial)

Sulfasalazine (inflammation)

Tenofovir disoproxil (HIV)

Tramadol (chronic pain)
Trimethoprim (antibiotic)
Valsartan (hypertension))

Figure 28: The frequency of terms of all Pharmaceuticals and personal care products currently listed in the CEC
Knowledge Hub

Perfluoroctane Sulfonate (PFOS)

The most studied class of polyfluoroalkyl compounds is perfluorooctane sulfonate (PFOS). For
application in the manufacturing of fabrics, these substances are mostly utilized as surfactants as well
as in oil- and water-repellent coatings. Additionally, they are utilized chemically in products like
firefighting foams and pesticides. They are therefore dispersed into the environment through industrial
uses and have become pollutants of rising concern (Ssebugere et al., 2020). Their entry into the market
was approved in the 1940s (Renner, 2001), and they eventually found their way into the environment
where they may potentially expose people, domestic animals, and wildlife all over the world. Despite
their rapid rate of environmental contamination, little is known about how widespread PFASs are
globally due to the severe lack of PFAS studies, particularly in Africa when compared to Asian,
European, and North American countries (Bangma et al., 2017). Since these compounds are
continuously released into the environment, in-depth analyses are required to fully understand the
implications that these substances may have. PFOA and PFOS levels in drinking water in Africa have
only been the subject of a few studies, and in certain cases, the levels were higher than those
recommended in EPA drinking water guidelines (Ssebugere et al., 2020).

Polybrominated Diphenyl Ethers (PBDEs)/Flame Retardants

Since the 1970s, when polychlorinated biphenyls (PCBs), the first flame retardants, were gradually
phased out due to their toxicity, polybrominated diphenyl ethers have been used to replace them. A
flame retardant made of bromine is called polybrominated diphenyl ethers (PBDEs). A functional class
of chemical compounds known as "flame retardants" is added to some manufactured products to lessen
the likelihood of fire occurring or to delay the spread of fire. These products include upholstery carpets,
drapes, wire insulation, foam padding for furniture, and plastic enclosures for televisions, laptops, and
other small appliances. The chemical components of flame retardants, such as whether they contain
boron, bromine, phosphorus, nitrogen, metals, or chlorine, are frequently used to categorize them. The
most widely used flame retardants are PBDEs. Due to their inability to chemically bond with the items
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they are added to, polybrominated diphenyl ethers can be released from these products into the air,
water, and soil during production, use, and disposal. Therefore, fresh streams that are close to highly
industrialized areas or that are contaminated by home and industrial trash are more likely to encounter
PBDEs. Although information is limited about the production of PBDEs in African countries, many export
products contain PBDEs (Olisah et al., 2020). The usage of PBDEs is currently under investigation, and
nations like the US and EU have banned or restricted certain of their use and environmental discharge
(Chokwe et al., 2019).

Polycyclic aromatic hydrocarbons (PAHS)

Polycyclic aromatic hydrocarbons are a class of ubiquitously distributed toxic organic compounds
possessing two or more fused aromatic rings and they are persistent in the environment because of
their hydrophobicity, low aqueous solubility, and stability of their aromatic ring structure. PAHs are
categorized as either low molecular weight (LMW), which have two or three aromatic rings, or high
molecular weight (HMW), which have four or more rings. Due to their greater environmental persistence
and resistance to biodegradation, HMW PAHs (Rimayi et al., 2018, Awe et al., 2020). Despite being
formed via the incomplete combustion of coal, coal tar, diesel exhaust, asphalt, and other fossil fuels
as well as occurring naturally in those fuels. While tobacco smoke contains a considerable amount of
PAHs, they are also typically created by the burning of organic substances including wood, waste,
smoked and barbecue foods (Mojiri et al., 2019; Adeniji et al., 2019).

They are usually introduced into freshwater systems by anthropogenic activities which include leakage
(run off) of mine wastewaters, industrial discharges, and domestic wastes (Rimayi et al., 2018; Adeniji
et al., 2019). Nitrated and oxygenated PAHSs are created when PAHs combine with oxidants such NOXx,
03, and OH. These compounds are drawn to air particulate matter and then enter aquatic habitats as
rain fallout (Mojiri et al., 2019). Once in the water system, the PAHs associate with dissolved organic
matter through several means of binding and adsorption, paving way for their subsequent deposition
and accumulation in water and its sediments (Adeniji et al., 2019A). In freshwater, PAHs pose risks
such as mutagenicity, teratogenicity, carcinogenicity, and disruption to the endocrine system. Their
reactive metabolites, such as epoxides and dihydrodiols are considered to have greater deleterious
effects, given their ease of binding to cellular proteins and DNA (Adeniji et al.. 2019B). As a result of
these toxicities, sixteen of the PAHs are prioritized and included in the European Union (EU) and United
States Environmental Protection Agency (US EPA) priority list of pollutants.

Although not enough data is available for PAHs in our water bodies, currently reported are findings from
six study sites in South Africa, spanning 4 provinces — Eastern Cape, Western Cape, Limpopo and
Mpumalanga provinces. Adeniji et al. (2019a and 2019b) determined PAH values in the Algoa Bay and
Buffalo River estuary, respectively, both in the Eastern Cape province. The concentrations detected for
individual PAHs ranged from no detection (below detection level, bdl) to a high of 24.91 ug/L (Adeniji et
al., 2019a and 2019b) while total for all 16 priority PAHs was up to 206 ug/L. In the Algoa Bay, samples
collected at bottom levels were found to contain higher concentrations of PAHs than the surface level
water samples (Adeniji et al., 2019A). Seasonal variations in concentrations were observed at both
sites, with summer concentrations generally greater. Some individual PAHs, such as Naphthalene,
Chrysene and Benzo(a)pyrene exceeded maximum allowable concentrations in fresh and marine
waters as per British Columbia report (1993) and mean total PAHs exceeded limit of 30 ug/L allowable
limit for marine water as per the Western Australia Department of Environment regulations (Adeniji et
al., 2019A and 2019B).

In the Western Cape province, Awe et al. (2020) reported on the levels of PAHs in the Diep River. They
detected concentrations for each individual PAHs ranging from below detection level to a high of 72.38
pg/L with Chrysene being consistently high. Total for all 16 PAHs reported was up to 310.52 pg/L at a
single sampling point (Awe et al., 2020) (Figure 29). Concentrations were also found to be season-
dependent with higher concentrations in summer and probable carcinogenic PAHs such as
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Benzo(a)antharcene, Chrysene, Benzo(b)fluoranthene, Benzo(k)fluoranthene, Benzo(a)pyrene, and
dibenzo(ah)anthracene were prevalent. The levels of some PAHs exceeded the threshold range
stipulated by the Canadian Council of Ministers of the Environment water quality guideline
recommended for the protection of aquatic life (CCME, 1999). The Diep River was therefore considered
highly polluted with PAHs capable of adversely impacting aquatic lives.

Two separate reports from the Limpopo province detected PAHs in the Nandoni dam (Nthunya et al.,
2019) and in both Blood and Mokolo rivers (Mogashane et al., 2022). In the three water bodies,
individual PAHs concentration ranged from 0.0001 pg/L in the Nandoni dam to 1.53 pg/L in the Mokolo
river. The Nandoni dam serves to provide a sustainable water-supply for domestic, irrigation as well as
forestry purposes and concentrations of individual PAHs (naphthalene, acenaphthene, pyrene,
benz(a)anthracene and benzo(a)pyrene) fell within the threshold limits which were typically less than
0.1 pg/L Concentrations varied per PAH, many of which were below regulatory bodies' threshold values
such the USEPA, SANS 241, and WHO, but the total of the 16 priority PAHs was concerning (Nthunya
et al., 2019). As for the two rivers, they are close to anthropogenic sources of pollution such as mining
and industrial effluents which could have contributed pollution into the rivers. Low molecular weight
PAHs were mostly not detected, and benzo(a)anthracene had the highest concentration at several
sampling points. Comparing the two rivers, Mokolo has higher PAH concentrations than Blood River
and this could be attributed to the coal mining and industries in proximity.

Seopela et al. (2022) reported on PAHs from Loskop dam in Mpumalanga Province. The dam is situated
in a nature reserve and serves important functions associated with food security, wildlife conservation
and tourism. The dam receives water from the much-polluted Olifants River. Total average
concentration of PAHs across three years of sampling ranged from 0.15 to 49.8 pg/L. Compared to
some other water bodies, this concentration is lower, but it tended to increase across the three years.
Current contamination level was therefore deemed low to average but environmental monitoring is
warranted.

Acenaphthylene

Naphthalene
Anthracene

Indeno(1,2,3-cd)pyrene Benz(a)anthracene

Fluorene

Fluoranthene
Benzo(b)fluoranthene

Polycyclic aromatic hydrocarbons

Benzo(g,h,i)perylene

Chrysene Benzo(k)fluoranthene

n =385

Dibenzo(a,h)anthracene

Figure 29: The frequency of terms of all Polycyclic aromatic hydrocarbons currently listed in the CEC
Knowledge Hub
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Triclosan

Triclosan, also referred to as TCS, is typically found in agricultural and domestic antibacterial and
antifungal products (Glazer, 2004). Since 1972, it has been used or produced for use in hospitals and
other medical institutions, but it is currently used in a variety of consumer goods, including soap,
toothpaste, detergents, and insecticides (Alfhili and Lee, 2019). Triclosan is dispersed into our water
systems by runoff, domestic disposal, and wastewater treatment plant outflow (Kaur et al., 2019).
Triclosan can partially breakdown and produce hazardous metabolites and compounds. The dangers
of exposure include the potential for hormone disruption and the activation of genes related to
antimicrobial resistance (Marques et al., 2017).

Six studies — of which six sites were chosen — have been carried out overall based on the literature. The
ranges detected were between 0,00 and 1264.2 mg/L. Most of the studies focused on wastewater
treatment plants outputs in cities, with only a few on rural settlements and hospitals. Also, there is little
or no date for provinces such as Mpumalanga, Eastern Cape and Free State.

3.3.2. Inorganic contaminants

Heavy metals

Metallic substances known as heavy metals often have a higher density than water. Cadmium (Cd),
chromium (Cr), lead (Pb), and mercury (Hg) are a few examples of heavy metals that are regarded as
emerging contaminants of concern. The majority of these are located in polluted areas such water
bodies, agro-ecosystems, and industrial effluents (lloms et al., 2020). Certain metals are highly soluble
in salt form in aquatic environments, making them easily absorbed by living things and transferable to
people through food consumption. They may have negative consequences, including harm to the brain,
kidneys, and growing fetuses, and in rare situations, they may even be cancerous. Nonetheless, there
are permissible amounts of heavy metals that are accepted in water, as per DWAF and WHO
recommendations in Table 2, and these levels are associated with low health risks in humans (Kinuthia
et al., 2020). The allowable standard limits for some metals of concern in water are as follows:

Table 2: Standard limit for drinking water quality (Edkopayi et al., 2018)

Metals DWAF guidelines (mg/L) WHO guidelines (mg/kg dry mass)
Cadmium 0-0.005 3

Chromium 0-0.005 350

Lead 0-0.1 100

Zinc 0-3 200

Copper 0-1 120

In the majority of South Africa's water study sites undergoing research, several of these metals are
present in excess of permitted limits. This necessitates more concern to the detection and measurement
of heavy metals in SA water sources. The sequence of selected metals' human toxicity levels, according
to Kinuthia et al. (2020), is Co Al Cr Pb Ni Zn Cu Cd Hg. However, over the past ten years, Cd, Hg, Cr,
and Pb have attracted the most attention (Figure 30).
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Figure 30: The frequency of terms of all Heavy metals currently listed in the CEC Knowledge Hub

3.3.3. Particulate contaminants

Microplastics

Plastic particles smaller than 5 mm are referred to as microplastics. Some of these particles are
produced by the breakdown of bigger plastic particles, some are released into the environment as a
result of the negligent disposal of plastic trash (nurdles), and some may develop originate as
microbeads (Nel et al., 2017). According to Auta et al. (2017), land-based activities are to blame for the
marine environment's microplastic contamination. Microplastics have entered the marine environment
by leaching from landfills, sewage leaks, and effluents from wastewater treatment plants due to
inefficient waste management systems, poor infrastructure, and ineffective legislative laws (Wang et
al., 2020). Due to their non-biodegradable nature, plastic particles linger in marine bodies for decades
once introduced into that environment. Since marine animals select the food range that microplastics
fall into, it is inevitable that fish, mollusks, invertebrates, and plankton will consume microplastics (Mao
et al., 2020; Wang et al., 2018). Given that they can act as adsorbents for other contaminants, such as
pesticides, polyaromatic compounds, and heavy metals, microplastics' large surface areas make them
more hazardous since they expose organisms to a range of contaminations in a single intake (Li et al.,
2020). According to Mao et al. (2020), marine species' consumption of microplastics has detrimental
effects on their health since it results in inflammation and mineral deficiencies, interferes with
reproduction, and causes them to consume less food.

The literature reports 15 investigations on microplastics in South African water. Five of them
concentrated on the eastern coast sites, two on the Orange and Vaal River sites, two on the Cape Town
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coast sites, two on the Braamfonteinspruit sites, one on the Plankenburg River site, one published
dissertation on the Algoa Bay sites, one WRC report on rivers in Gauteng and the Northwest provinces,
and the other centred on all of South Africa's coast lines. In general, a commonly used method for water
sampling in South Africa was the use of manta trawl fitted with nylon mesh, followed by the use of sieves
together with metal buckets. The advantage of using manta trawl is that microplastics are filtered
through a huge amount of water sample as such giving a better representation of microplastics
distribution in water. However, the pore size of the mesh is 300 um thus disregarding microplastics that
are smaller than that. Whereas in using sieves, mesh sizes of up to 5 ym can be used to trap
microplastics of smaller diameter. The classification of microplastics rather than identifying the type of
polymer used for production was the primary focus of the studies that were analysed (Figure 31). Only
three out of 15 studies went on to identify the type of polymer the discovered microplastics were made
of. Although other studies were conducted focusing on South African water bodies, majority of them
focused on testing microplastics in sediments and invertebrates rather than surface water.

Polyvinyl chloride_Scrubbers Angul Blends

Fibres

Polypropylene

Polymethyl methacrylate
Polyethylene terephthalate
Polyamide

Pellets

Microplastics

Films

Monofilaments from
fishing lines
Microbeads

Fragments N = 102

Figure 31: The frequency of terms of all Microplastics currently listed in the CEC Knowledge Hub
Engineered Nanomaterials (ENM)

Materials with at least one exterior dimension between 1 and 100 nm are referred to as nanomaterials.
According to the criteria provided by the European Commission, at least half of the particles in the
number size distribution must have a particle size of 100 nm or less (2011/696/EU). Nanomaterials can
be produced for a specific use in industry, occur naturally, or be produced as combustion reaction
byproducts. When compared to their bulk counterparts, nanomaterials typically have unique physical
and chemical properties (metals or carbon based).

The production of nanomaterials can be done as very thin surface coatings (one dimension), nanowires
and nanotubes (two dimensions), or nanoparticles (three dimensions) (Mansoori & Soelaiman, 2005).
By advancing nanotechnology, ENMs can be used to create durable and more effective materials that
take use of the unique properties found at the nanoscale. Nanomaterials are used in medicine for in
vivo drug administration, optical image enhancement, and diagnostic products (Klaine et al., 2008).
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Nanomaterials have the potential to release into the environment at any or all stages of the production
process, from release during synthesis to release at the end of product life, due to their wide variety of
applications. These ENMs can interact with environmental media to agglomerate, weakly bind to
suspended solids or sediment, become ingested or accumulated by organisms and enter drinking water
and food sources after they are discharged into the environment (Boxall et al., 2007). The fate of ENMs
is determined by both their own properties and those of the ecosystem they are discharged into. Size,
surface charge, functional groups, and particle make up are characteristics that may have an impact on
how ENMs (metal or an organic) behave. Therefore, they can react differently in the environment and
have a varied level of toxicity by changing one component of the ENM. Exposure to ENMs in the
environment and in humans is increasing as ENM production develops. Scientific experts agree that
assessing the risks associated with nanotechnology is challenging due to the difficulty in tracking the
production of different ENMs and their effects (Nanoionics, 2016). The overall volume of industrial
nanomaterials is predicted to rise from 1000 to 58000 tons by the year 2020. This raises serious
concerns about the release of nanomaterials during manufacture (Cornelis, 2015). The Department of
Science and Innovation (DSI) of South Africa launched a research platform in 2016 to look into the
environmental, safety, and health implications of nanotechnology.

In South Africa, of the 45 manuscripts identified with the selected terms in Scopus, 54% of the studies
were based on nanomaterial synthesis and applications. While 13.3% used modelling data to review
the expected concentrations to be released into the environment. However only one of the three
manuscripts of environmental data was found suitable (Maiga et al., 2020) which determined the
concentration of titanium dioxide ENMs, found in sunscreen products, in five dams in South Africa. The
concentrations of titanium ions determined by acid digesting the nanomaterials ranged between 14.87-
43.94 pg/L while the agglomerates ranged between a means size of 102.91-158.92 nm. The highest
concentration and agglomerates were found in North West while the smallest and lowest were found in
two sites in the Western Cape.

Even though lab-based studies on ecotoxicological effects of ENMs have been reported for a number
of aquatic organisms there is still the majority that is unknown. Scientific data on ENMs in the
environment is scarce and further research is needed, specifically towards ENMs characterization and
detection in different media as well as their biological and environmental fate (Klaine et al., 2008).
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Figure 32: The frequency of terms of all Engineered nanomaterials currently listed in the CEC Knowledge Hub
3.3.4. Biological contaminants
Microbiological CECs

Concerning microbial contaminants in environmental water bodies include cyanobacteria, helminths,
pathogenic bacteria, viruses, and protozoa (Ahmed et al., 2019). According to Masters et al. (2011),
microbial contaminants can enter rivers from a variety of sources, including residential, veterinary, and
industrial ones. Once there, they have the ability to infect both humans and animals and to cause
epidemics of waterborne diseases. Waterborne microbiological pollutants must be carefully monitored
and controlled due to their potential to pose serious health concerns (Alegbeleye et al., 2016). A
thorough literature survey on microbial contaminants in South African waterways revealed that research
focus on aquatic microbial contaminants has predominantly centred on indicators of faecal
contamination such as Escherichia coli and coliforms (Enitan-Folami et al., 2020; Makhadi et al., 2020;
Ololade et al., 2019). The criteria for contaminants of rising concern are not sufficiently met by such
indicator species, which have typically been used to evaluate faecal contamination of rivers. Instead of
limiting their findings to cultivable microorganisms, recent South African studies have reported on the
use of cutting-edge molecular techniques such as Next Generation Sequencing (NGS) to uncover the
abundance of potentially harmful microbes in a number of streams (Jordaan et al., 2019; Maguvu et al.,
2020). These techniques allow for the detection of new microbial pollutants, such as pathogenic bacteria
from the genus Acinetobacter, Clostridium, Legionella, Pseudomonas and Serratia Tatlockia as
revealed in a study by Maguvu et al. (2020). Regarding whether aquatic contaminants influence
microbial community structure, diversity, and ecological function, there is currently a substantial study
deficit in South Africa. For instance, a number of research conducted outside of SA have shown a
favourable relationship between heavy metal pollution of aquatic environments and the selection of
genes for antibiotic resistance (Chen et al., 2019; Di Cesare et al., 2016; Dickinson et al., 2019). This
is of particular concern due to the possibility of heavy metal pollution to indirectly induce pathogen
outbreaks of multiple antibiotic resistant microbes. This also reiterates the need for aquatic CECs to be
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assessed in totality, not in isolation, as contaminants interact with each other and influence biotic
parameters.

Microbial
indicators/
potential pathogens

Bacterial

contaminants Coliforms

Enteric viruses

Microbiological CECs

Bacterial pathogens N =27

Figure 33: The frequency of terms of all Microbiological contaminants currently listed in the CEC Knowledge Hub

3.4.  TOXICITY CATEGORIZATION

CECs cover tens of thousands of chemicals, making it impossible to review them all in depth in one
document. By using key classes focused on significant types of CECs (alkylphenols and alkylphenol
ethoxylates, bisphenols, organophosphate esters, phthalates, and PFAS), which can be classified
either by function or societal use (current-use pesticides [and degradates] with urban applications;
pharmaceuticals; personal care and cleaning product ingredients), the data becomes more
manageable. It must be reiterated that this would not make the toxicology categorization absolute
leaving large margins for error. The various metabolites biotransformation products of CECs could each
have a different toxicological response. Another challenge is nanomaterials where the shape,
composition, functional group, and dissolution play a significant role in the toxic potential of a compound.
For example, citrate capped spherical shape nanogold has low toxicity while CTAB capped rod-shaped
nanogold has high toxicity (Carnovale et al., 2019). Therefore, various factors are at play while toxicity
is directly related to human health and environmental risk and caution should be taken in drawing
conclusions.

Anderson et al. (2012) proposed a chemical-by-chemical risk-based approach for screening CECs to
determine those most likely to be a threat to ecological receptors or public health. The establishment of
monitoring trigger levels (MTLs), which can be used as a technique to conservatively identify particular
CECs that might be considered for further monitoring in different types of ecosystems, is a step in the
risk-based screening process. This risk assessment comprises of four steps. (i) Develop MTLs for CECs
that, based on reported effects concentrations, pose the highest potential harm to aquatic systems. (ii)
Compile measured or predicted environmental concentrations for CECs for which MTLs could be
estimated. (iii) Identify those CECs that have the greatest potential to pose a risk by determining a
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CECs monitoring trigger quotient; calculated by dividing the measure/predicted value by the MTL and
where this value is greater than “1” are then identified for further monitoring. (iv) Apply the approach to
representative scenarios that capture the key types of exposure (sources and fate) to water systems
receiving CECs (Maruya et al., 2013).

Sutton et al. (2022) have followed this approach using a three-tiered categorization model based on
risk quotients. A risk quotient (RQ) is the ratio between a point estimate of exposure (likelihood of
exposure) and a point estimate of effects (once exposed how the organism responds). The RQ is highly
dependent on the type of environmental matrix as well as the physicochemical parameters of water, the
approach is to determine each compound’s 90" percentile concentration to its appropriate ecological
risk threshold. Each tier is then assigned according to the following categories:

* High Concern

RQs between 10 and 100. Examples with this category are: imidacloprid, pyrethroids, and

specific pharmaceuticals (ibuprofen, fluoxetine, and azithromycin).
*  Moderate Concern

RQs between 1 and 10. Examples with this category are: Bisphenols and some additional

pharmaceuticals (metoprolol, gemfibrozil, ciprofloxacin, clarithromycin, and erythromycin).
* Low Concern

RQs less than 1. Examples with this category are: Antimicrobial-triclosan and the synthetic

musk galaxolide.
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CHAPTER 4: CONCLUSIONS & RECOMMENDATIONS
4.1  CONCLUSIONS

The creation of a CEC Knowledge Hub with a basis in South Africa has been essential in establishing
a digital specimen bank of collected pollution data. The strength of the data will increase as additional
information is submitted to the Hub, even though it already indicates where the majority of research has
been conducted and areas of concern have been identified in South Africa. In the future, as the Hub
becomes more populated, we expect it's usage to become more routine in any sciences related to CECs
in the environment. Due to seasonal fluctuations in data and potential limitations in the detection
methods utilized, responsible scientific communication is essential, and skilled researchers are needed
to analyse and understand the material extracted from the hub. The toxicological assessment is a vast
undertaking and requires various stakeholders to work together in order to build a categorization that is
trusted and based on a high level of science.

4.2 RECOMMENDATIONS

The development and the establishment of a knowledge hub was limited to contaminants of emerging
concern characterised in surface waters (rivers, lakes, springs, dams) in South Africa. There are gaps
in the CECs reported in different provinces and this could be potentially addressed by including
unpublished data that is collected by the custodian government departments as part of national,
provincial and municipal monitoring of water quality in resources programmes. The recent spate of
beaches in the eastern and western coasts of South Africa closing due to major sewage pollution,
highlights the need to expand the knowledge hub to include other water resources such as marine water
and estuaries. According to an article published in The Conversation (2022), in 2013, 29% of SA
wastewater treatment plants were in a critical state. In 2022, the number has risen to 39% (Winter and
Carden, 2022), this warrants the scope of the knowledge hub to be potentially expanded to include
wastewater treatment plants.

To our knowledge there is no interactive knowledge hub for CECs that exists in South Africa or in SADC.
Expanding and establishing a regional knowledge hub within the SADC is recommended to improve
the regional data output and environmental monitoring campaigns that would benefit the SADC region,
which in some instances share aquatic ecosystems.
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1. Introduction

Contaminants of Emerging Concern are unregulated pollutants that have previously been at levels
below detection limits, which are now being detected by water professionals in our water bodies.
These can include Nanomaterials, Flame Retardants, Microplastics, Agricultural Waste, Microbial
Contaminants, Heavy Metals, Pharmaceuticals and Personal Care Products, which may cause
ecological and human health impacts.

This CEC Knowledge Hub was developed with the aim to collate all published information of CECs in
South Africa Water bodies.

2.  How The System Works:

The system is web based and can be accessed via the following web browsers:

- Google Chrome
- Microsoft Edge
- Firefox

Unfortunately, based on some of the technologies used in developing this system, the other popular
web browsers will not work.

The system can be accessed from the following URL: https://www.ceckh.agric.za



https://www.ceckh.agric.za/

Clicking on the above supplied URL, will present the user with the MAIN PAGE of the
CEC KNOWLEDGE HUB:
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oo@'%? Knowledge Hub Home citizen  Agricuitural  Stakeholder  Contact Us m
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o s EHUB

c t = t f E H c are unregulated pollutants that have previously been at levels below detection limits
on amlnan s o mergl ng once rn which are now being detected by water professionals in our water bodies. These can
include Nanomaterials, Flame Retardants, Microplastics, Agricultural Waste, Microbial Contaminants, Heavy Metals, Pharmaceuticals and Personal Care Products , which may cause
ecological and human health impacts

The CEC Knowledge Hub aims to collate all published information of CECs in South Africa Water bodies.

Figure 1: Home Page

From the MAIN PAGE, the user is presented with the following options, as can be seen in the menu
ribbon at the top of the page:

e CLICKABLE KNOWLEDGE HUB LOGO
o Takes the user back to the main page of the system

e HOME
o Takes the user back to the main page of the system

e CITIZEN
o Page containing profiles of various CEC’s
o Profiles for listed CEC’s can be downloaded as a one-pager PDF document
o Users can also view a short informative video expanding on the said CEC profile

¢ AGRICULTURAL
o Page containing interactive image
o Displaying the effects of additions of CEC’s in our water bodies from various
agricultural activities

e STAKEHOLDER

o Restricted area of the system

o Available to registered users only

o Available options:
= View CEC data spatially
= Input CEC data (single record)
= Bulk import of CEC data
= Export CEC data to MS Excel format

= Verification of captured CEC data (only for System Admin users)

e CONTACTUS
o Page showing the various partners / stakeholders / contributors to the project
o Contact information, part of clickable logos



o Ability to send Comments or Suggestions

e SIGN UP
o Page where users can register on the system

3. Different Options Explained:

3.1. Citizen:

Clicking this option, the user will be presented with the following page:
jtf-}.’i Know|edge Hub Home ocitizen  Agricuitural  stakeholder  Contact Us

Profiles: Contaminants of Emerging Concern

1: Knowledge Hub Project Outline

2: Pharmaceuticals and Personal Care Products Click To View Short Video O

3: Heavy Metal Contaminants Click To View Short Video

4: Microplastic Contaminants

5: Agricultural Contaminants

6: Polycyclic Aromatic Hydrocarbans

- > & @

7: Microbial Contaminants Click To View Short Video

8: Nanomaterial Contaminants

Figure 2: Citizen Page

The CITIZEN Page contains links to various CEC Profiles. These profiles can be downloaded
as one-pager PDF documents by clicking on desired link of the relevant CEC profile.

Users also have the option to view short informative videos expanding on the selected CEC.

These videos can be viewed by selecting or deselecting the corresponding check box, as shown
in the image below:
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6: Polycyclic Aromatic Hydracarbons

7:Microbial Contaminants Click To View Short Video
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B: Nanomaterial Contaminants

Figure 3: Videos




Below is an example of such a CEC Profile Document:

Figure 4: CEC Profile Document

Microbial Contaminants of Concern

(CECs) in South
African Water
Resources

‘What are microbial CECs?

Microbial contaminants of concern in environmental water
bodies range from pathogenic viruses, bacteria and
protozoa to cyanobacteria and helminths. Emerging
microbial contaminants that are gaining rapid atiention
due to their ability to thrive within water distributions
systems include opportunistic pathogens, antibiotic
resistant bacteria, antibiotic resistance genes, metal
resistance genes as well as free-living amoebae.

‘Where do microbial CECs originate from?

Microbial CECs are introduced into waterways from
several sources, including veterinary, domestic,
agricultural as well as industrial sources. Antimicrobial
resistant organisms in the soil, and eventually in waterways,
may be introduced from wastewater treatment plants, soil
amendments, concentrated animal feeding operations
and septic systems. Landfills and landfill leachate also
harbour elevated levels of antibiotic resistant organisms
and antibiotic resistance genes due to the environment
being rich in heavy metals and antimicrobial biocides

What are the dangers associated with
microbial CECs?

Once present, microbial CECs have the potential to infect
humans and animals, and may induce waterborne disease
outbreaks. Shori-term illnesses and gastrointestinal
disorders such as cholera, typhoid, gastro-enteritis,
giardiasis and hepatitis have been associated with the
consumption of contaminated water. The ability of
waterborne microbial CECs o cause significant health
risks warrants their careful monitoring and control.
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How to prevent contamination
of water resources with
microbial CECs?

Regularly inspect wells, bore-holes
Sl ek Tanks far dhbiade) Sad
repair if necessary

Avoid irresponsible use of antibiotics.
Avoidillegal durnping of waste.
TR i L
suspected microbial contamination to
local authorities.

How to remove microbial CECs
from water?

Clean and disinfect all devices that use
water e.g. taps and showerheads.
Boiling water is effective as a method of
disinfection

Exposure to ultraviolet light is effective
against certain bacterial CECs
Ozonation, chlorination and filtration
may be used as methods of
disinfection.

NB. Microbial CECs cannot be seen,
smelled or tasted and laboratory tests may
be required if you have concerns about

'yourwater.

~Z

ARC * LNR

Figure 4: CEC Profile Document




3.2. Agricultural:

Clicking this option, the user will be presented with the following page:

Welcome to the Agricultural Page

Click The Numbers To Discover

®p
D°:.° Knowledge Hub Home citizen  agricultural  Stakeholder ~ Contact Us

sign Up Back

Figure 5: Agricultural Page

The AGRICULTURAL Page is an interactive representation of the effects of using certain practices in

Agriculture which in turn adds to CEC’s in water bodies.

By clicking on the black numbered circles, the image will change accordingly to display the associated

effects.
The seven Agricultural practices / products indicated is:

o0k 0N

Industrial upstream
waste with
Precision
Agriculture

Acid Rain
Cleaning products
Pathogens
Fertilizers runoff
Spray drift
pesticides
Pharmaceuticals




The image below shows Number One selected:

os
% Knowledge Hub Home citizen Agricutural  Stakeholder  ContactUs

Welcome to the Agricultural Page

Click The Numbers To Discover

Industrial Upstream Waste
with Precision Agriculture

Figure 6: Number 1 selected



3.3. Stakeholder:

Clicking this option, the user will be presented with the following page used to log in to the
STAKEHOLDER Section of the CEC Knowledge Hub:

Q20
o; Know|edge Hub Home citizen  Agricuitural  Stakeholder  Contact Us Sign Up
11

Stakeholder Login

Username ‘ | Password

Figure 7: Stakeholder Login Page

After supplying your email address and password, click LOGIN to access the STAKEHOLDER
Options.
Alternatively, click on SIGN UP should you wish to register and access the STAKEHOLDER Options.

The STAKEHOLDER Options Page after a successful login:
2:; Know|edge Hub Home citizen  Agricultural  Stakeholder  ContactUs m

Welcome Stakeholder ...
What would you like to do today?

« View Data ?

« Input Data ?

= Bulk Import Data ?

» Export Data ?

Figure 8:Stakeholder Page

The following options are available to the user:

e VIEW DATA
o View CEC Data spatially on a map

e INPUT DATA
o Capture CEC Data in the system
o Done record by record



¢ BULKIMPORT DATA
o Bulk import of CEC data in MS-Excel format
o MS-Excel file template should be used with this option
o Can be downloaded from the BULK IMPORT DATA Page

e EXPORT DATA
o Export CEC data in PDF Format
o Grouped by CONTAMINANT TYPE

If the current user is a SYSTEM ADMIN User, the STAKEHOLDER Options Page offers an added
option, namely: VERIFY CAPTURED DATA as seen in the image below:

@20
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o\

Welcome Stakeholder ...
What would you like to do today?

« View Data ?

e Input Data ?

« Bulk Import Data ?

e Export Data ?

« Verify Captured Data ?

Figure 9: System Admin User Login Options

If an incorrect username and or password is supplied, the user will be presented with the following page:



‘Knowledge Hub Home citizen  Agricultural  Stakeholder  ContactUs

Stakeholder Login

Please check LOGIN Credentials

Figure 10: Login Error

Click the BACK button to supply the Username and Password again.



3.3.1. View Data

® Dgen Street Map
2 EsriWerld Map
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Biclogical Contaminants
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Leallt | Data by © OpeaShiestiap, under ODBL

Figure 11: Spatial Viewer

The spatial viewer (figure 11) is used to view the collected sample point data on a map. To
use it one must be familiar with online maps. This part of the document gives uses pointers
on how to use this part of the Knowledge Hub.



3.3.1.1. Welcome Screen

On opening the spatial.html page one is greeted by the welcome screen (figure 12).

2 » THE 2
P% jo KNOWLEDGE Spatial Viewer Usage
5@ HUB
Welcome: Here i3 some informalian an horw the spalial viewer of the contaminants data works.

=T | You can turn layers on and of and toggie bebween the base Layers. Base layers are
P shonn at the top of the widget. Canfaxt Layers are shown grouped at the Battom of the
bl | wiiget 368 hera

Conwinants
e

ncropiasic

Focun Layurs

+ Click on bese Leyer [0 loggle bebween which cne is on al any given lime

« Cantaminnat Layers can all be turned on at ane time or all off. Depending on how
B erovnces one wanis ta view the data and relaionships within the data

I Municoaises.

Clowns
Commeon

« Points represenbng contaminant collection Sites ere shown in diffierent colour. See
legend for contert

= Click o View Information About The Sampla

« Siles may contain more than one collected sample

Figure 12: Welcome Screen

The welcome screen gives a quick overview of how to use this page.
3.3.1.2. Spatial Viewer

The spatial viewer (see Figure 11) is composed of multiple objects.
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Figure 13: Objects that make up the spatial viewer
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It is comprised of

1.

2.

The main map viewer (Figure 13-1) — this is where the points and areas of sampling
for contamination are shown.

The Legend (13-2) — this is used to identify the different contaminants identified on
the map. This has two tabs one for the points and the other for the area these are
very similar they are both included for the sake of representing the fact that point and
areas are displayed differently within the map.

- sampling Ares

Organic Contaminants

o Alkylphenols & Alkylphencl Ethoxylates [0 data points]

Chlorinated Paraffins [0 data points]
Current use Pesticides  [42 data points]

Pharmaceuticals & Personal Care Products (PPCPs) 1172 dats points]

o

o

(o]

@ Polybrominated Diphenyl Ethers (PDEs) 10 data points]
@ Polycyclic Aromatic Hydrocarbon (PAHS) 1250 data points]
@

Polyfluoroalkyl Compounds (PFCs) 196 data paints]
Inorganic Contaminants

® icavy Metals [0 data points]

Particulate Contaminants

©  Microplastics 1176 data points]

©  Nanomaterials 10 data points]

Biological Contaminants

® icrobial 142 data paints]

Figure 14: Legend



3. Layer toggle on/off (Figure 13-3) — This is used to toggle layers on or off. As well as
select, which base map will be used. You can turn layers on and off and toggle
between the base Layers.

] Durban Harbour Estuary X
Sampling Site Durban Harbour Estuary
r Feature at Site Samples were collected at the mouth of

each esfuary

Site Coordinates -20.877160999999997 , 31.050347

Contaminant Microbeads

Contaminant Type Microplastics

Formula

J‘ b Concentration 12% of 2.53 particles/im
\'\ Replicates Collected ]
\]' More Info ...

Leaflet | Data bv @ OnenStreetMan. under ODbL.

Figure 15: layer toggle on/off widget button location on map

10 dlless UlIS Idyel wyyie, CIICK Ul UIE Idyel louygyie Or/oll wiuygyet bullull di uie bouwulir
right of the map viewer.

Figure 16: layer toggle on/off widget button



Base layers are shown at the top of this widget. Context Layers are shown grouped
under the heading South Africa (administrative areas).
e Click on base Layer to toggle between which one is on at any given time

e Contaminant Layers can all be turned on at one time or all off. Depending on
how one wants to view the data and relationships within the data

® open Street Map
O Esri World Map
Contaminants (points) 12
Microbial

Microplastics

Nanomaterials

Polycyclic Aromatic Hydrocarbon
DAlkwphenuls and Alkylphenol Ethoxylates

[ chiorinated Parafiins

[ Current Use Pesticides

(] Heavy Metals

[ Pesticides

) Pharmaceuticals and Personal Care Products
[ Polybrominated Diphenyl Ethers

a Polyfluoroalkyl Compounds

D riclosan

South Africa [administrative areas]
Provinces

a Municipalities
South Africa [points]

[ Towns
Contaminants (areas)

D alkylphenols and Alkylphenol Ethoxylates (area)

[ cnlorinated Parafiins (area)

[ current Use Pesticides (area)

[ Heavy Matals (area)

[ Microbial (area)

O Microplastics (area)

[ {areal -

Figure 17: Layers toggle on/off

3.1.1.Navigational Menu (figure 18) — this is used to navigate to other pages in the knowledge
hub.
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Data

Contact us

Figure 18: Navigational Menu

4. Branding — This is simply the knowledge hub full logo (Figure 199).
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Figure 19: The knowledge hub full logo

3.3.1.3. Map Usage

Points representing contaminant collection sites are shown in different colors as either
points or areas (see figure 20 ). See legend for context. To view Information about the
sample collected at a point or site. Click the point or rectangle at that site. Sites may contain
more than one collected sample.
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Figure 20: Sample collections sites represented as areas with point sites in the background



Sites may contain more than one collected sample. Click points to view other possible samples
collected. If other samples have been collected, points will firstly spider out (figure 21) from
under that point and then secondly spiral out in an anticlockwise direction so users can move
orderly through the expanded points. Click these Individual points or areas to view their
information (Figure 22)

Durban Harbour Estuary X
XDI;XQ\
Sampling Site Durban Harbour Estuary
Mbombela Praioa .
Kbisl=pruity Bilene Feature at Site Samples were collected at the mouth of
bretoria o Maputo each estuary
rg @ vzl il Mpumalanga
9 MEp Site Coordinates -20877150999999997 | 31.050347
2! babane Microbeads
Johannesburg 2] Contaminant
Secunda AT
- Eeas Contaminant Type Microplastics
qing

Formula
Concentration 12% of 2.53 particles/m
Replicates Collected 6
More Info ... click here

¥

seru

Lesotho
o
Mthatha
R
Eastiastfon
Leaflet | Data by @ OoenSireeiMap. under ODbL,

Figure 21: Points firstly spiderfy then spiral outwards

On the info bar (Figure 23) one can click more info (click here ...) to view all the information
about a particular point or area. This will open a new window with a table display information
about that point (Figure 244).
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Figure 22: Info Box and Info Bar showing context information about a point

n Harbour Estuary

Sampling Site Durban Harbour Estuary

Feature at Site Samples were collected at the mouth of
each estuary

Site Coordinates -20.877160999999997 , 31.050347

Contaminant Microbeads

Contaminant Type Microplastics

Formula -

Concentration 12% of 2.53 particles/m

Replicates Collected ]

More Info ...

Figure 23: Info Bar
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MORE INFO FOR SELECTED CEC

CECType Microbial
Name Of Contaminant Escherichia coli
Commonly Known As E. coli

Metabolites -
IUPAC Name -
Synonym -
Formula -
Molar Mass -
Molar Mass (Unit) -
Density -
Density (Unit) -
Melting Point -
Maeiting Point (Unit) -
Boiling Point -
Boiling Point (Unit) -
Solubility In Water -

Solubility In Water (Unit) -

Figure 24: Full information about a sample




3.3.2. Input Data

Clicking this option, the user will be presented with the following page:

‘ﬁ Knowledge Hub Home Citizen Agricultural Stakeholder Contact Us m

Check DOI Number

DOI Information

CHECK INFORMATION

Figure 25: Check DOI Reference Number
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onto the Knowledge Hub.

The user can enter the complete DOl Ref number of only parts of it. These parts can either be at the
start, middle or end of the DOl number.

It is recommended that the user enter only part of the DOl Ref number to ensure better search results.

Supplying part of the DOI Ref number:
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Check DOI Number

DOI Information |1[I.2156

CHECK INFORMATION

Figure 26: Check DOI Reference Number
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Search results, if any, will be displayed as in the image shown below:
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INFORMATION FOUND

View Name Of Contaminant Commonly Known ~ Sampling Site CEC Type Data Reference
Data As

faecal coliforms Coliforms Stagnant greywater in the RR Section in Khayelitsha; Western Cape Microbial https://doi.org/10.2166/ws.2020.040
Escherichia coli E. coli Stagnant greywater in the RR Section in Khayelitsha; Western Cape Microbial https://doi.org/10.2166/ws.2020.040

Possible pathogenic Gram-negative Bacterial pathogens  Stagnant greywater in the RR Section in Khayelitsha; Western Cape Microbial https://doi.org/10.2166/ws.2020.040
microorganisms

Bacterial contaminants Bacteria The Plankenburg River which runs through the town of Stellenbosch (Western  Microbial DOI:10.2166/wst.2016.054
Cape Province)

View

Bacterial contaminants Bacteria The Diep River which is located in the South Western Cape Region; North of ~ Microbial DOI:10.2166/wst.2016.054
Cape Town.

Titanium dioxide nanoparticles nTiQ2 WC1 Dam Nanomaterials  https://doi.org/10.2166/ws.2019.185

Titanium dioxide nanoparticles nTiO2 FS Dam Nanomaterials https://doi.org/10.2166/ws.2019.185

Titanium dioxide nanoparticles nTiO2 WC2 Dam Nanomaterials ~https://doi.org/10.2166/ws.2019.185

View: Titanium dioxide nanoparticles nTio2 NC Dam Nanomaterials ~https://doi.org/10.2166/ws.2019.185

Triclosan TCs WWTP in the North-West; Potchefstroom Pesticides https://doi.org/10.2166/wst.2019.300

v |
v
=
[ ver |
Titanium dioxide nanoparticles nTio2 NW Dam Nanomaterials ~https://doi.org/10.2166/ws.2019.185
v |

Continue Data Capture

Figure 27: DOI Reference Number Search Results

From these search results, the user can click on VIEW to see the full record. Should the user wish to
capture the data anyhow, they can do so by clicking CONTINUE DATA CAPTURE.

This will open the DATA CAPTURE PAGE as shown below:



Knowledge Hub

Home Citizen Agricultural Stakeholder Contact Us
DATA CAPTURE PAGE
Please Capture Special Charact e Superscripts / Subscripts / Units of Measurements etc ) As Normal
Special Characters will Be Convered Whan Uploaded To The Database

Name Of Contaminant

Matabolites

Synonym

Commonly Known As

IUPAC Name

Formula

Molar Mass

Molar Mass (Unit)

Density

Moelting Point

Boiling Point

Solubility In Water

Density (Unit)

Malting Point (Unit)

Boiling Point (Unit)

Solubility In Water (Unit)

Sampling Site

Point Coordinatas

Coordinate Notes

Feature At Sampling Site

PLEASE SELECT SAMPLE SITE COORIDNATES (POINT OR AREA)

Area Coordinatas |

Sample Collection Notes

Instrument Used |

Concentration Detect In Sample (Unit)

Concentration Detected In Sample

Chemical Abundance In The Sample

Reference For Analysis Method |
Unit Of Measure
Data Reference

CEC Sub-Type (IF Current Use Pesticides)

UPLOAD INFORMATION

Replicates Collected
Unit Of Measure (Full Name)
PLEASE SELECT

CEC Type

|FLEASE SELECT |

Figure 28: Data Capture Page

On this page, the user can capture CEC Data one record at a time.

The user also has the option to choose between POINT COORDINATES as well as AREA

COORDINATES.

When selecting POINT COORDINATES, the user will be presented with the following to input

a single LATITUDE and

LONGITUDE value:

Point Coordinates

PLEASE SELECT SAMPLE SITE COORIDNATES (POINT OR AREA)

Area Coordinates [

Point Latitude

Point Longtitude

Figure 29: Insert Point Coordinates

When selecting the AREA COORDINATES, the user will be presented with the following to
input two sets of LATITUDE and LONGITUDE values.

The TOP LEFT LATITUDE and LONGITUDE set as well as the BOTTOM RIGHT LATITUDE
and LONGITUDE set:



PLEASE SELECT SAMPLE SITE COORIDNATES (POINT OR AREA)

Area Coordinates

Point Coordinates [J

Area - Top Left Longtitude

Area - Top Left Latitude
Area - Bottom Right Longtitude

Area - Bottom Right Latitude

Figure 30: Insert Area Coordinates

After supplying all the relevant information, click UPLOAD INFORMATION to commit this CEC

data set to the database.

3.3.3. Bulk Import Data:
Clicking this option, the user will be presented with the following page:
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Bulk Data Import - MS-Excel Template File

Choose File  No file chosen

Select File

Figure 31: Bulk Import
Users can download the MS-Excel Template file by clicking on the dark blue
‘MS-Excel Template File’ text, as shown in the image below. A tooltip hint will also be displayed

when the mouse icon hovers over the highlighted text.
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&

Bulk Data Import - MS-Excel Template File

Choose File = No file chosen

Select File

Figure 32: Bulk Import Tooltip

Clicking CHOOSE FILE, the user will be presented with the FILE OPEN / SEARCH dialog box
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Figure 33: Bulk Import Navigate to file

Navigate to where the file is stored on the PC, click once on it and then on OPEN.
The file name plus path will be displayed on the page. Click SUBMIT to upload the file to the
database.

3.3.4. Export Data:
Clicking this option, the user will be presented with the following page:

@20
Knowledge Hub Home citzen  agricultural  Stakeholder  contact Us m
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Please Select Contaminant To Export
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Export Selected

Figure 34: Export Data

Select the contaminant type to export from the drop-down options:
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Alkylphenols and Alkylphenol Ethoxylates
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Heavy Metals

Microbiological CECs
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Pharmaceuticals and Personal Care Products (PPCPs)
Polybrominated Diphenyl Ethers (PBDES)

Polycyclic Aromatic Hydrocarbon (PAHS)
Polyfluoroalkyl Compounds (PFC)

Triclosan

Figure 35: Export Select Contaminant



The selected contaminant type will be exported to a MS Excel file as shown in the example
below:
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8 |Pharmaceuticals and Personal Care Products ~ Caffeine Caffeine (CAF) - 1,3,7-trimethylpurine-2,6-dione Guaranine; Thein (CBH10N402 194.19 g/mol 123 g/em® 235-237°C (455 -4
14 ~ Aspirin (ASP) - 2-acetyloxybenzoic acid 2-Acetoxybenzoic acid; 2-(Acetyloxy)benzoic acid C9HB04 180.16 g/mol 1.4 g/em’  138-140°C (2804
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26 Pharmaceuticals and Personal Care Products ~ Naproxen (NP) Naproxen (NP} - 25)-2-(6-methoxynaphthalen-2-yllpropanoic acid Naprosyn; (+)-Naproxen C14H1403 23026 g/mol - - 153°C°C
| - - 2.26-dichloro-3-methylanilinojbenzoic acid Arquel, Medophenamic acid CIAHIICNO2 2961 g/mol -~ 248.250 (478,448
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32 | Pharmaceuticals and Personal Care Products ~ Naproxen (NP} Naproxen (NP} - 25)-2-(6-methoxynaphthalen-2-yllpropanoic acid Naprosyn; (+)-Naproxen C14H1403 23026 g/mol - - 153°C°C
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Figure 36: Exported Data as MS Excel Format



APPENDIX B: CONTAMINANT OF EMERGING CONCER KNOWLEDGE
HUB CODE

“****coding files cannot be read in word**** xx*kkxxxe
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