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Risks posed by per- and polyfluoroalkyl substances (PFAS) on the African continent, with an

emphasis on aquatic ecosystems

ABSTRACT

Per- and polyfluoroalkyl substances (PFASs) are organic pollutants that may pose adverse
effects on the ecosystem. Despite their global presence, there is currently still limited knowledge
on PFAS on the African continent as monitoring of PFAS is challenging and often not feasible due
to the lack of analytical capacity and high costs. However, there is a need to understand the
environmental risks posed by these chemicals in developing countries, as increasing urbanization
will likely lead to an increase of PFAS contamination in the environment. Although as far as known
PFAS concentrations in the African aquatic environment are generally low compared to more
developed countries in the world, exceedances of ecological quality standards (EQS) were
reported in a few cases, providing evidence for potential ecological risks at these ecosystems.
However, the number of ecosystems at risk will likely increase due to the increasing urbanization
and modernization of African countries. Therefore, environmental regulations should be updated
and implemented to reduce any further contamination of the aquatic environment with these
chemicals. In addition, analytical laboratories in Africa should develop their capacity to detect
PFAS and related compounds regularly and on a routine basis. Local hotspots need to be
identified, the influence of these hotspots on the PFAS burden in the environment should be
investigated, and environmental regulations should be implemented for these hotspots in order
to reduce their environmental impact. Therefore, we recommend a more routine monitoring of
PFAS, including new PFAS that are currently used as PFOA and PFOS alternatives, not regulated

and of environmental concern.
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INTRODUCTION

Per- and polyfluoroalkyl substances (PFAS) are chemicals that are globally distributed in
the environment due to direct manufacturing, applications in consumer products,
transformation of precursor compounds and gas- and particle-phase atmospheric long-range
transport (Barber et al. 2007; Buck et al. 2011). Despite their global presence, little is known on
PFAS pollution on the African continent and the ecological risks they pose to its rich biodiversity
and critical ecosystem services (Ssebugere et al. 2020). The African biodiversity and ecosystem
services are also threatened by other environmental stressors (Egoh et al. 2012) such as legacy
organochlorine pesticides (Ansara-Ross et al. 2012; Olisah et al. 2020), dioxins and furans
(Sseburgere et al. 2019), and pharmaceuticals and personal care products (Gwenzi and Chaukura

2018; K’'oreje et al. 2020).

The increasing modernization and importation of PFAS-containing consumer products in
developing countries may lead to an increase of PFAS contamination in the environment. The
limited knowledge of PFAS on the African continent is because monitoring of PFAS is challenging
and often not feasible due to the lack of analytical capacity and high costs (Sindiku et al. 2013;
Ssebugere et al. 2020). Many laboratories in Africa have gas chromatography/mass spectrometry
(GC/MS) and ultraviolet-visible (UV-VIS)-based methods for instrumental analyses of pollutants,
which are less suitable for PFAS monitoring than ultra-performance liquid

chromatography/tandem mass spectrometry (UPLC-MS; Ssebugere et al. 2020; UNEP 2014).

However, there is a need to understand the fate and environmental risks posed by these
substances in developing countries, and therefore data need to be generated for a preliminary

understanding of the environmental risks PFAS pose in these countries (Sindiku et al. 2013;
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Ssebugere et al. 2020). Furthermore, these data will allow for better decision making regarding
the establishment, adjustment and implementation of regulatory measures towards
environmental management of these chemicals on the African continent. In this study, we aim
to investigate the current environmental risk status associated with PFAS pollution in the African
aquatic environment, the need for more investigation and environmental monitoring, and the

need to establish, adjust and/or implement environmental regulations in these countries.

PFAS REGULATIONS IN AFRICA

The global distribution and potential effects of PFAS have resulted in a global concern on
these chemicals since the late 1990s, especially after evidence had accumulated that some PFAS
were not only ubiquitous in various biological and environmental matrices but also highly
persistent and able to biomagnify in the food chain (Giesy and Kannan 2001). Their
bioaccumulative, persistence and toxic potential has resulted in global efforts to reduce
environmental exposure to these chemicals. For example, in 2009, perfluorooctane sulfonate
(PFOS) and perfluorooctane sulfonyl fluoride (POSF) were listed in the Stockholm Convention on
persistent organic pollutants (POPs) for global restriction in their production and use (Stockholm
Convention 2008). Additionally, perfluorooctanoic acid (PFOA), its salts and PFOA-related
products were included in Annex A of this Convention (Stockholm Convention 2019), and

perfluorohexane sulfonate (PFHxS) and its salts are currently under review for the Convention.

Although many African countries endorsed the Stockholm Convention and developed
National Implementation Plans (NIPs), efforts taken among countries to minimize PFAS exposure
vary. The NIPs were often developed before 2009, hence before the listing of PFAS in the

Convention, and many have not been updated since (Ssebugere et al. 2020). Therefore, PFAS are
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often not included in these NIPs. However, some countries are updating their regulations
concerning PFAS. For example, in South Africa regulations have been promulgated that PFOS,
POSF and PFOS-containing products are set to be phased-out by December 2021 (South African
Government Gazette 2019). Whilst international studies on PFAS date back to the 1990s, studies
on PFAS in aquatic (water, sediment and fish) as well as terrestrial ecosystems (crops, wildlife,
human food and blood, etc.) in Africa have only recently started appearing in the international
literature (Ssebugere et al. 2020). Most countries face difficulties in including this “new” group
of pollutants, from an African perspective, into their environmental management frameworks.
Although the regulation of hazardous substances is well structured through environmental
legislation in countries like South Africa (Meyer and Roos 2015), chemical specific management

requires definition of environmental quality criteria for those substances (Claassens et al. 2020).

ENVIRONMENTAL QUALITY STANDARDS AND GUIDELINES FOR FRESHWATER, SEDIMENT AND

AQUATIC BIOTA

Although most regulatory attention focuses on human health risks caused by PFAS
contaminated drinking water and groundwater standards, there is a need for continued research
on potential risk to non-human biota (McCarthy et al. 2017). Although there is generally a strong
base of aquatic toxicity data for environmental risk assessment for many pollutants, data are only
available for a few PFAS compounds (mostly PFOA and PFOS). Furthermore, ecological quality
standards (EQS) for identifying potential adverse effects to non-human biota are still scarce,

especially for organism living in and on freshwater sediments.

The EQS values and predicted no-effect concentrations (PNEC) that are currently available

for surface water, sediment and aquatic biota are presented in Table 1. These EQS values were
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obtained from studies in several countries. In sediment, threshold values (PNEC values) to protect
benthic organisms were proposed for sediment quality assessment in France (INERIS 2018). In
addition, Casado-Martinez et al. (this issue) determined tentative quality standards to protect
pelagic organisms. However, it should be stated that the latter EQS, which was determined based
on the Equilibrium Partitioning (EqP) theory for non-ionic organic chemicals (Di Toro et al. 1991)
due to the absence of spiked sediment toxicity data, should be treated with caution. PFAS are
known to behave differently from non-ionic hydrophobic chemicals, as they are potentially prone
to active transport through biological membranes, and hence some of the basic assumptions of

this theory were violated (Casado-Martinez et al. this issue).

Zodrow et al. (2020) determined water risk-based screening levels (RBSLs) for aquatic
wildlife, based on the No-observed-adverse-effect-level (NOAEL) and lowest-observed-adverse-
effect-level (LOAEL). These values were derived in laboratory tests on single species of aquatic
organisms with growth, survival/mortality and reproduction/development as endpoints. The
Government of Western Australia Department of Environment Regulation (DER) (2016)
developed a threshold for identifying potential adverse health effects to aquatic biota exposed
to surface water for PFOS, PFOA and perfluorohexane sulfonate (PFHxS) based on the Australian
and New Zealand Environment and Conservation Council and Agriculture and Resource
Management Council of Australia and New Zealand (ANZECC/ARMCANZ) water quality guidelines
(ANZECC/ARMCANZ 2000). An exceedance of these values indicates that certain species might
be at risk due to PFAS pollution, and a conservative management approach should be
implemented. Similarly, the Norwegian Pollution Control Authority has classified PFOS

concentrations in surface water depending on the expected effects on aquatic biota (NPCA 2008).
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The EQS provided in Directive 2013/39/EU of the European parliament included both average
standards for PFOS and its salts as well as maximum allowable concentrations in surface waters
(EU 2013). However, these values are not necessarily ecological risk based (McCarthy et al. 2017).
In addition to these EQS, the EU directive also included a specific biota threshold, which is

determined in fish (EU 2013).

ENVIRONMENTAL RISKS DUE TO PFAS POLLUTION IN AFRICA

Due to the lack of data from many African countries, the results discussed here should be
interpreted with caution as they may not be representative for the entire African continent. PFAS
concentrations in the African environment are known to be highly variable between different
geographical areas; hence, the discussed ecological risks posed by PFAS are not applicable to the
entire continent, as they are affected by numerous factors (e.g. different sources/degree of
urbanization/etc.) (Hanssen et al. 2010; Ssebugere et al. 2020). As mentioned before, the lack of
instrumental capacity for PFAS analyses in African countries provides a need for African
laboratories to develop their analytical capacities in order to continue monitoring PFAS and
investigate where PFAS might pose an environmental risk. In addition, expertise in operating
these advanced instrumentation, such as UPLC-MS, is still lacking in most African laboratories
(Gwenzi and Chaukura 2018). Although nations of the African Union have pledged to dedicate
1% of their Gross Domestic Products (GDPs) to research and development, these nations often
struggle with other competing priorities (e.g. education and food) (Marincola and Kariuki 2020).
Furthermore, commercial funders often do not fund basic research, African governments have
no resources to fill this gap, and Western funders mainly focus on health and medical research

(Marincola and Kariuki 2020). Hence, according to Marincola and Kariuki (2020) the lack of
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funding and appropriation of existing funds to competing priorities remain a major challenge to
developing and implementing the necessary human capital and infrastructure to address

environmental issues on the continent.

In general, most studies examining PFAS concentrations in African aquatic ecosystems
report concentrations at the nanogram level (ng/g or ng/L) for most samples (Table 2; Ssebugere
et al. (2020) for a detailed summary of all PFAS concentrations in African countries). In the
majority of the matrices, these concentrations are lower compared to more developed regions
in the world. Nonetheless, in some areas, the PFAS concentrations in the environment were
sometimes high enough to exceed one or more of the quality standards that are presented in
Table 1. We have summarized these concentrations in Table 2 and refer to Ssebugere et al. (2020)
for a detailed summary of all PFAS concentrations, including those lower than the quality

standard values, reported in Africa.

The PFOS concentrations in sediments from the Diep and Eerste Rivers in South Africa
(Mudumbi et al. 2014) and in multiple rivers in the Lake Victoria Basin in Kenya (Orata et al. 2011)
exceeded the EQS values for sediment to protect pelagic species (Casado-Martinez et al. this
issue). The concentrations in sediments of the Diep and Eerste Rivers also exceeded the threshold

value set to protect benthic organisms (INERIS 2018).

In surface waters, the PFOS concentrations in the Lake Victoria Gulf in Kenya (Orata et al.
2009), multiple Nigerian rivers (Ololade 2014, Ololade et al. 2018) and multiple South African
rivers, i.e. Plankenburg River (Fagbayigbo et al. 2018), Vaal River (Groffen et al. 2018), Salt River
and Eerste River (Mudumbi et al. 2013) exceeded the EQS for high conservation value freshwater

ecosystems (ANZECC/ARMCANZ 2000). In addition, the PFOS concentrations in the Diep River
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(Mudumbi et al. 2013) and in the Pra and Kakum Rivers in Ghana (Essumang et al. 2017) exceeded
the EQS for slightly disturbed systems (ANZECC/ARMCANZ 2000) and the NOAEL-based minimum
wildlife RBSL (Zodrow et al. 2020). Furthermore, in all these studies, the PFOS concentrations are
higher than the EQS determined for secondary poisoning of top predators (EC 2011). The EQS
levels for PFBS, PFHXS, PFBA, PFHxA, PFOA and PFNA were never exceeded in surface water of

African rivers.

Regarding the EU directives guideline for biota, only PFOS concentrations observed in fish
from Winam Gulf in Lake Victoria, Kenya (Francis et al. 2008) and in invertebrates and fish from
the Vaal River, South Africa (Groffen et al. 2018) exceeded this guideline. Furthermore, the
median PFOS concentrations in the plasma of Nile crocodiles from multiple sites in South Africa
exceeded the biota EQS (Christie et al. 2016). However, it should be borne in mind that this EQS
was developed for fish and it is uncertain whether it will provide protection for other aquatic
organisms such as reptiles and invertebrates. None of the other studies on African aquatic biota

reported concentrations that exceeded the EQS values (as reviewed by Ssebugere et al. 2020).

Based on the PFAS concentrations in the water, most of the studied African aquatic ecosystems
can be considered slightly- to moderately disturbed and toxicological implications are expected
to be limited. However, the exceedances of the EU directive biota guidelines (EU 2013) and the
sediment thresholds to protect benthic and pelagic organisms, show that there is a potential risk

to biota in some of the studied South African rivers.

Pollution sources of PFAS in Africa are often not clearly identified. To the best of our
knowledge, only Pelchem, in South Africa, is an identified fluorochemical industrial company.
However, it is still unclear whether this could be considered a point-source, as they do not

10
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manufacture PFAS themselves (Ssebugere et al. 2020). It has been hypothesized in numerous
African studies that wastewater treatment plants, industrial discharge and the presence of
urbanization have contributed to the PFAS pollution in the aquatic ecosystem (Essumang et al.

2017; Fagbayigbo et al. 2018; Groffen et al. 2018; Ololade et al. 2018).

Existing studies show that African urban areas have much higher levels of PFAS than rural
areas (Ssebugere et al. 2020), as they tend to have more access to PFAS-containing consumer
products (Hanssen et al. 2010). Hence, the current general low level of PFAS may significantly
increase with urbanization. Indeed, Africa is reported to have one the highest urbanization rate
in the world, with its urban population likely to more than triple from 395 million in 2010 to 1.339
billion by 2050 (Glineralp et al. 2017). Therefore, it is likely that PFAS concentrations will increase,
thereby increasing the risks posed to aquatic ecosystems that have PFAS concentrations

exceeding, or close to exceeding, EQS values.

CONCLUSION

The presence of PFAS in the African aquatic environment is likely the result of an
uncontrolled importation and use of PFAS-containing products and inadequate legislation
(Ssebugere et al. 2020). Although the concentrations in the African aquatic environment are
generally low compared to those in more developed countries, exceedances of EQS suggest that
ecological risks might already occur and that concentrations potentially will increase over time
with urbanization. Therefore, outdated regulations should be updated and new ones should be

implemented to reduce the risks posed by these chemical to the African aquatic environment.

In addition, laboratories in African countries should develop capacities to analyze for PFAS

and related compounds. Local hotspots need to be identified, the influence of these hotspots on

11
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the PFAS burden in the environment should be investigated, and environmental regulations
should be implemented for these hotspots to reduce their environmental impact. Without
sufficient legislation and management, the environmental risks of PFAS are likely to increase due
to bioaccumulation and biomagnification in the aquatic food chain (Munoz et al. 2017).
Therefore, we recommend a more routine based monitoring of PFAS, including new PFAS that
are currently used as PFOA and PFOS alternatives, not regulated and of environmental concern

(Brendel et al. 2018).

12
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TABLE CAPTIONS

Table 1. Ecological quality standards (EQS) of PFAS for freshwater, sediment and aquatic biota.1Values represent PNEC concentrations.

Matrix PFBS PFHxS | PFOS PFBA PFHXA PFOA PFNA | Remark Ref.
Sediment 67 5% total organic carbon (TOC) content. Threshold | INERIS (2018)
(ng/g) to protect benthic organisms.
25 5% TOC. Threshold to protect pelagic organisms. Casado-Martinez et al. (this
issue)
Freshwater 0.23 0.23 19000 High conservation value systems Western Australia DER (2016)
130 130 220000 Slightly — moderately disturbed systems
(ng/L) 2000 | 2000 632000 Highly disturbed systems (90% species protection) | ANZECC/ARMCANZ (2000)
31000 | 31000 1824000 Highly disturbed systems (80% species protection)
<25000 No toxic effects NPCA (2008)*
25000 Chronic effects by long-term exposure
72000
72000 Acute toxic effects by short-term exposure
360000
>36000 Severe acute effects
0.65 Annual average standard for inland surface | EU (2013)
waters
36000 Maximum allowable concentration
230 EU TGD, based on NOEC for Chironomus sp. | EC (2011) and Moermond et
emergence al. (2010)
2 EU TGD derived for secondary poisoning for top | EC(2011)
predators
640000 75 470000 | 210000 | 44000 22000 | NOAEL-based minimum wildlife RBSL. Zodrow et al. (2020)
1100000 360 470000 | 440000 | 89000 29000 | LOAEL-based minimum wildlife RBSL Zodrow et al. (2020)
Biota - 9.1 - This value was determined using fish EU (2013)
(ng/kg ww)

13
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Table 2. PFAS concentrations reported in African freshwater environments for which one or more of the environmental quality standards (EQS), reported in Table 1, for a specific
matrix are exceeded. Only compounds for which a EQS was reported in Table 1 are included.

Matrix River, Country Year of sampling | PFBS PFHxS PFOS PFBA PFHxA PFOA PFNA Ref.

Sediment (ug/kg) Diep River, South Africa 2011 2.53-121 Mudumbi et al. (2014)
Eerste River, South Africa 2011 0.75-75.1 Mudumbi et al. (2014)
Rivers in Lake Victoria Basin, 2008 <1-57.5 Orata et al. (2011)
Kenya

Freshwater (ng/L) Lake Victoria Gulf, Kenya 2006 - 2007 <0.4-2.53 <0.4-11.7 Orata et al. (2009)
Multiple rivers, Nigeria 2014 1.7-16.2 Ololade, 2014
Multiple rivers, Nigeria 2016 3.9-10.1 0.8-2.8 Ololade et al. (2018)
Plankenburg River, South 2014 <L0Q <0.06 - 10.2 - 12.8-62.6 | <LOQ Fagbayigbo et al.
Africa 12.4 28.4 (2018)
Vaal River, South Africa 2014 <L0Q | <L0Q- | 0.4-35.7 <LOQ- | 0.6-4.6 <L0Q Groffen et al. (2018)

—-24.7 | 7.6 20.3 -1.8

Salt River, South Africa 2011 <LOD - 47 0.7 -390 Mudumbi et al. (2013)
Eerste River, South Africa 2011 <LOD-23 3.4-146 Mudumbi et al. (2013)
Diep River, South Africa 2011 <LOD - 183 1.7-314 Mudumbi et al. (2013)
Pra and Kakum Rivers, Ghana 2015 77.2-277 1.78-321 Essumang et al. (2017)

Fish (ug/kg) Winam Gulf Lake Victoria, 2007 0.9-35.7 Francis et al. (2008)
Kenya
Vaal River, South Africa 2014 <0.12 - Groffen et al. (2018)

45.7

Invertebrates Vaal River, South Africa 2014 <L0Q - Groffen et al. (2018)

(ne/ke) 355

Nile Crocodiles Multiple sites, South Africa 2012 - 2013 0.776 — Christie et al. (2016)

plasma (pg/kg) 118

14




241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

Revised Manuscript [18/02/2021]

REFERENCES

Ansara-Ross TM, Wepener V, van den Brink PJ, Ross MJ. 2012. Pesticides in South African
fresh waters. Afr J Aquat Sci 37 (1): 1-16.

ANZECC/ARMCANZ. [ANZECC/ARMCANZ] Australian and New Zealand Environment and
Conservation Council and Agriculture and Resource Management Council of Australia and New
Zealand. 2000. Australian and New Zealand guidelines for fresh and marine water quality,

ANZECC/ARMCAN?Z, Canberra, Australia. https://www.waterquality.gov.au/anz-

guidelines/resources/previous-guidelines/anzecc-armcanz-2000

Barber JL, Berger U, Chaemfa C, Huber S, Jahnke A, Temme C, Jones KC. 2007. Analysis of
per- and polyfluorinated alkyl substances in air samples from Northwest Europe. J Environ Monit

9: 530 - 541.

Brendel S, Fetter E, Staude C, Vierke L, Biegler-Engler A. 2018. Short-chain perfluoroalkyl

acids: environmental concerns and a regulatory strategy under REACH. Environ Sci Eur 30:9.

Buck RC, Franklin J, Berger U, Conder JM, Cousins IT, de Voogt P, Jensen AA, Kannan K,
Mabury SA, van Leeuwen SPJ. 2011. Perfluoroalkyl and polyfluoroalkyl substances in the
environment: terminology, classification and origins. Integr Environ Assess Manag 7 (4): 513 —

541.

Casado-Martinez C, Pascariello S, Polesello S, Valsecchi S, Babut M, Ferrari BJD.
Forthcoming. Sediment quality assessment framework for PFAS: results from a preparatory

study and some recommendations. Integr Environ Assess Manag.

15


https://www.waterquality.gov.au/anz-guidelines/resources/previous-guidelines/anzecc-armcanz-2000
https://www.waterquality.gov.au/anz-guidelines/resources/previous-guidelines/anzecc-armcanz-2000

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

Revised Manuscript [18/02/2021]

Christie I, Reiner JL, Bowden JA, Botha H, Cantu TM, Govender D, Guillette MP, Lowers
RH, Luus-Powell WJ, Pienaar D, Smit WJ, Guillette LJ. 2016. Perfluorinated alkyl acids in the

plasma of South African crocodiles (Crocodylus niloticus). Chemosphere 154: 72 — 78.

Claassen M, Dabrowski JM, Nepfumbada T, van der Laan M, Shadung J, Thwala M. 2020.
Incorporating environmental fate models into risk assessment for pesticide registration in South
Africa. WRC Report No. 2524/1/20. Water Research Commission, Pretoria.

http://www.wrc.org.za/?mdocs-file=59340

Di Toro DM, Zarba CS, Hansen DJ, Berry WJ, Swartz RC, Cowan CE, Pavlou SP, Allen HE,
Thomas NA, Paquin PR. 1991 Technical basis for establishing sediment quality criteria for
nonionic organic chemicals using equilibrium partitioning. Environ Toxicol Chem 10(12), 1541-
1583.

EC. [EC] European Commission. 2011. PFOS EQS dossier 2011.

https://circabc.europa.eu/sd/a/027{f47c-038b-4929-a84c-

da3359acecee/PFOS%20EQS%20dossier%202011.pdf

Egoh BN, O’Farrell PJO, Charef A, Gurney LJ, Koellner T, Abi HN, Egoh M, Willemen L .
2012. An African account of ecosystem service provision: Use, threats and policy options for
sustainable livelihoods. Ecosyst Serv 2: 71 — 81.

Essumang DK, Eshun A, Hogarh JN, Bentum JK, Adjei JK, Negishi J, Nakamichi S, Habibullah-

Al-Mamun M, Masunaga S. 2017. Perfluoroalkyl acids (PFAAs) in the Pra and Kakum River basins

and associated tap water in Ghana. Sci Total Environ 579: 729 — 735.

16


http://www.wrc.org.za/?mdocs-file=59340
https://circabc.europa.eu/sd/a/027ff47c-038b-4929-a84c-da3359acecee/PFOS%20EQS%20dossier%202011.pdf
https://circabc.europa.eu/sd/a/027ff47c-038b-4929-a84c-da3359acecee/PFOS%20EQS%20dossier%202011.pdf

281

282

283

284

285

286

287

288

289

290

201

292

293

294

295

296

297

298

299

300

301

Revised Manuscript [18/02/2021]

EU. [EU] European Union. 2013. Directive 2013/39/EU of the European Union and of the
Council of 12 August 2013. Official Journal of the European Union. https://eur-

lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:1:2013:226:0001:0017:EN:PDF

Fagbayigbo B, Opeolu B, Fatoki O, Olatunji O. 2018. Validation and determination of nine
PFCS in surface water and sediment samples using UPLC-QTOF-MS. Environ Monit Assess 190:

346.

Francis O, Natalia Q, Anka M, Friedrich W, Rolf-Dieter W. 2008. Perfluorooctanoic acid
and perfluorooctane sulfonate in Nile Perch and tilapia from gulf of Lake Victoria. Afr J Pure Appl

Chem 2: 075 - 079.

Giesy JP, Kannan K. 2001. Global distribution of perfluorooctane sulfonate in wildlife.

Environ Sci Technol 35: 1339 — 1342.

Government of Western Australia Department of Environment Regulation. 2016. Interim
guideline on the assessment and management of perfluoroalkyl and polyfluoroalkyl substances
(PFAS): contaminated sites guidelines. Version: Final Feb 2016.

https://www.der.wa.gov.au/images/documents/your-environment/contaminated-

sites/guidelines/Guideline on Assessment and Management of PFAS v2.1.pdf

Groffen T, Wepener V, Malherbe W, Bervoets L. 2018. Distribution of perfluorinated
compounds (PFASs) in the aquatic environment of the industrially polluted Vaal River, South

Africa. Sci Total Environ 627: 1334 — 1344,

Guneralp B, Lwasa S, Masundire H, Pamell S, Seto KC. 2017. Urbanization in Africa:

challenges and opportunities for conservation. Environ Res Lett 13: 015002.

17


https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2013:226:0001:0017:EN:PDF
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2013:226:0001:0017:EN:PDF
https://www.der.wa.gov.au/images/documents/your-environment/contaminated-sites/guidelines/Guideline_on_Assessment_and_Management_of_PFAS_v2.1.pdf
https://www.der.wa.gov.au/images/documents/your-environment/contaminated-sites/guidelines/Guideline_on_Assessment_and_Management_of_PFAS_v2.1.pdf

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

Revised Manuscript [18/02/2021]

Gwenzi W, Chaukura N. 2018. Organic contaminants in African aquatic systems: Current

knowledge, health risks, and future research directions. Sci Total Environ 619—-620: 1493-1514.

Hanssen L, Réllin H, Odland J@, Moe MK, Sandanger TM. 2010. Perfluorinated compounds
in maternal serum and cord blood from selected areas of South Africa: results of a pilot study. J

Environ Monit 12: 1355 — 1361.

INERIS (2018). Portail Substances Chimiques: Acide perfluorooctanesulfonique (PFOS).

http://substances.ineris.fr/fr/substances/2000. Last accessed 07-10-2020.

K’'oreje KO, Okoth M, van Langenhove H, Demeestere K. 2020. Occurrence and treatment
of contaminants of emerging concern in the African aquatic environment: Literature review and
a look ahead. J Environ Manage 254: 109752.

Marincola E, Kariuki T. 2020. Quality research in Africa and why it is important. ACS
Omega 5(38): 24155 - 24157.

McCarthy C, Kappleman W, DiGuiseppi W. 2017. Ecological considerations of per- and

polyfluoroalkyl substances (PFAS). Curr Pollut Rep 3: 289 — 301.

Meyer T, Roos C. 2015. Regulation and management of hazardous chemical substances in
South Africa. In: Fundamentals of Ecotoxicology: The Science of Pollution (4™ edition) (ed.
Newman MC), CRC Press, Boca Raton. pp. 463-469.

Moermond CTA, Verbruggen EMJ, Smit CE. 2010. Environmental risk limits for PFOS: A
proposal for water quality standards in accordance with the Water Framework Directive. RIVM

Report 601714013/2010. https://www.rivm.nl/bibliotheek/rapporten/601714013.pdf

Mudumbi JBN, Ntwampe SKO, Muganza FM, Okonkwo JO. 2013. Perfluorooctanoate and

perfluorooctane sulfonate in South African river water. Water Sci Technol 69: 185 — 194.

18


http://substances.ineris.fr/fr/substances/2000
https://www.rivm.nl/bibliotheek/rapporten/601714013.pdf

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

Revised Manuscript [18/02/2021]

Mudumbi JBN, Ntwampe SKO, Muganza M, Rand A, Okonkwo JO. 2014. Concentrations
of perfluorooctanoate and perfluorooctane sulfonate in sediment of Western Cape Rivers, South

Africa. Carpathian J Earth Environ Sci 9: 147 — 158.

Munoz G, Budzinski H, Babut B, Drouineau H, Lauzent M, Le Menach K, Lobry J, Selleslagh
J, Simonnet-Laprade C, Labadie P. 2017. Evidence for the trophic transfer of perfluoroalkylated

substances in a temperate macrotidal estuary. Environ Sci Technol 51: 8450 — 8459.

NPCA. [NPCA] Norwegian Pollution Control Authority. 2008. Screening of polyfluorinated
compounds at four fire training facilities in Norway.  (TA-2444/2008).

https://evalueringsportalen.no/evaluering/screening-of-polyfluorinated-organic-compounds-

at-four-fire-training-facilities-in-norway/ta2444.pdf/@ @inline

Olisah C, Okoh OO, Okoh Al. 2020. Occurrence of organochlorine pesticide residues in
biological and environmental matrices in Africa: A two-decade review. Heliyon 6: e03518.
Ololade IA. 2014. Spatial distribution of perfluorooctane sulfonate (PFOS) in major rivers

in southwest Nigeria. Toxicol Environ Chem 96: 1356 — 1365.

Ololade IA, Oladoja NA, Ololada OO, Oloye FF, Adeola AO, Alabi AB, Ademila O, Adanigbo
P, Owolabi MB. 2018. Geographical distribution of perfluorooctanesulfonate and

perflurooctanoate in selected rivers from Nigeria. J Environ Chem Eng 6: 4061 — 4069.

Orata F, Quinete N, Werres F, Wilken R-D. 2009. Determination of perfluorooctanoic acid
and perfluorooctane sulfonate in Lake Victoria Gulf water. Bull Environ Contam Toxicol 82: 218 —

222.

19


https://evalueringsportalen.no/evaluering/screening-of-polyfluorinated-organic-compounds-at-four-fire-training-facilities-in-norway/ta2444.pdf/@@inline
https://evalueringsportalen.no/evaluering/screening-of-polyfluorinated-organic-compounds-at-four-fire-training-facilities-in-norway/ta2444.pdf/@@inline

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

Revised Manuscript [18/02/2021]

Orata F, Maes A, Werres F, Wilken RD. 2011. Perfluorinated compounds distribution and
source identification in sediments of Lake Victoria Gulf Basin. Soil Sediment Contam 20: 129 —

141.

Sindiku O, Orata F, Weber R, Osibanjo O. 2013. Per- and polyfluoroalkyl substances in

selected sewage sludge in Nigeria. Chemosphere 92: 329 — 335.

South African Government Gazette. 2019. National Environmental Management Act
(107/1998): Regulations to phase-out the use of persistent organic pollutants. Available at

https://www.environment.gov.za/ as Gazette No. 42693.

Ssebugere P, Sillanpda M, Matovu H, Mubiru E. 2019. Human and environmental
exposure to PCDD/Fs and dioxin-like PCBs in Africa: A review. Chemosphere 223: 483-493.

Ssebugere P, Sillanpda M, Matovu H, Wang Z, Schramm K-W, Omwoma S, Wanasolo W,
Ngeno EC, Odongo S. 2020. Environmental levels and human body burdens of per- and poly-

fluoroalkyl substances in Africa: A critical review. Sci Total Environ 739: 133913.

Stockholm Convention. 2008. Available from www.pops.int, as document decision SC-
4/17.

Stockholm Convention. 2019. Available from www.pops.int, as document decision SC-
9/12.

UNEP. 2014. Bi-ennial global interlaboratory assessment on persistent organic pollutants
- Second round 2012/2013.

https://wedocs.unep.org/bitstream/handle/20.500.11822/31377/POPs IA 2nd Round.pdf?se

guence=1&isAllowed=y

20


https://www.environment.gov.za/
https://wedocs.unep.org/bitstream/handle/20.500.11822/31377/POPs_IA_2nd_Round.pdf?sequence=1&isAllowed=y
https://wedocs.unep.org/bitstream/handle/20.500.11822/31377/POPs_IA_2nd_Round.pdf?sequence=1&isAllowed=y

365

366

367

368

Revised Manuscript [18/02/2021]

Zodrow J, Frenchmeyer M, Dally K, Osborn E, Anderson P, Divine C. 2020. Per- and
polyfluoroalkyl substances ecological risk-based screening levels. SERDP Contract Report ER18-

1653. Https://www.serdp-estcp.org/Program-Areas/Environmental-Restoration/ER18-1653.

21


https://www.serdp-estcp.org/Program-Areas/Environmental-Restoration/ER18-1653

