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Due to the worldwide increasing prevalence of microplastics in the aquatic environment, this study aimed
to perform a screening of the source and drinking water of South Africa’s largest bulk drinking water
supplier to determine the extent to which microplastics occur in the water. Source water samples, samples
immediately after treatment, and samples in the distribution network (Johannesburg, Mabopane, Garankua
and Pelindaba) were analysed. Microplastics concentrations in the source water ranged from 0.24 to
1.47 particles/L, immediately after treatment from 0.56 to 0.9 particles/L, and in the distribution network
from 0.26 to 0.88 particles/L. Most of the microplastics found in the water were classified as ‘fragments’
and a few as ‘fibres’. The control sample (indicating contamination during sample preparation and analysis)
showed 0.34 particles/L, which was higher than some of the samples taken, indicating very low microplastics
concentrations in these samples. Little evidence was found that the drinking water treatment processes
reduced the number of microplastics from the source to the final treated water. No evidence could be found
that the pipes in the distribution network contribute to microplastics in the tap water. The most frequently
found polymer in the samples was rubber. Based on mass, however, as a function of particle size and polymer
density, ethylene-vinyl-acetate (a polymer commonly used as foam in sporting equipment and flip-flops)
comprised 54% of the microplastics and polyethylene (standard and chlorinated) 25%.

INTRODUCTION

According to the 2014 United Nations Environment Programme (UNEP) yearbook, microplastic
pollution has been proposed alongside climate change as one of the 10 emerging issues facing the
world today (Peng et al., 2017). In 2014, annual plastic production exceeded 311 million tons, an
increase of nearly 84 million tons since 2004 (PlasticsEurope, 2015). By 2050, it is estimated that this
may increase to a staggering 33 billion tons (Rochman et al., 2013).

The term ‘microplastics’ is defined as plastic fragments within the size range of 1 to 5 000 pm
(GESAMP, 2015; Jiang, 2018) and can be derived from primary and/or secondary sources. Primary
sources mainly include small ready-made plastics used in consumer products, such as cosmetics
and facial care products or hand-cleaners and toothpaste; medical supplies, such as grinding and
polishing agents in dental care; overflowing drilling fluid in oil exploration; and industrial abrasives
and air-blast cleaning media (Wang et al., 2018). Secondary sources are large plastic materials
degraded to smaller particles through physical, chemical, and biological processes.

Most of the research that has been conducted on microplastics has focused on the marine environment.
According to Wagner and Lambert (2018), a literature search on “microplastic*” revealed 1 228
papers, of which only 45 contained the term “freshwater” i.e. 3.7% of the total. This indicates that
little focus has been given to microplastic contamination in freshwaters as opposed to the marine
environment (Blettler et al., 2018). Even fewer of these studies focused on the microplastic content
in drinking water, most probably because very few microplastics are expected in drinking water
(specifically tap water). The World Health Organisation has published a report on microplastics in
drinking water (WHO, 2019 p. ix) stating, “Based on this limited body of evidence, firm conclusions
on the risk associated with ingestion of microplastic particles through drinking-water cannot yet be
determined; however, at this point, no data suggest overt health concerns associated with exposure
to microplastics particles through drinking-water.”

Although the WHO does not regard the exposure to microplastics through drinking water as a
current threat, some studies on drinking water suggest that concentrations of microplastics can differ
substantially between different drinking water treatment works (DWTWs) and different source
waters. In September 2017, Orb Media, a non-profit journalism organisation, published a report that
claimed the presence of microplastics in drinking water. This cross-border research tested 159 drinking
water samples from 5 continents and found that 83% of them were contaminated with tiny plastic
debris (Orb, 2017); however, no numbers or concentrations were given. Two detailed investigations
were conducted in the raw and drinking water of three different DWTWs in the Czech Republic
(Pivokonsky et al., 2018; 2020). Another investigation was performed by Mintenig et al. (2019), who
specifically examined the microplastics found in drinking water from groundwater sources. Mukotaka
et al. (2021) investigated tap water from Japan, the USA, France, Finland, and Germany. A scoping
study performed by Bouwman et al. (2018) mostly investigated microplastics in raw (surface waters)
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water but also investigated 2 samples from drinking water (one
from Johannesburg and one from Tshwane) and 4 samples from
groundwater (boreholes) in Potchefstroom, South Africa.

Pivokonsky et al. (2018) found that the content and characteristics
of microplastics present in the raw water supplying three
different water treatment plants versus the treated water
differed substantially. They investigated different size ranges
of microplastics, i.e, 1-5 pum, 6-10 pum, (utilising Raman
spectroscopy) and 11-50 pum, 51-100 pm and >100 pum (utilising
Fourier Transform Infrared Spectroscopy); and found that up to
95% of the microplastics in the drinking water studied were within
the size range of 1-10 um, which is smaller than the 20-25 pm limit
that is usually investigated in similar studies. The average number
of microplastics that Pivokonsky and co-authors (2018) found
in raw water ranged from 1 473 + 34 to 3 605 + 497 particles/L
and in the treated water from 338 + 76 to 628 + 28 particles/L.
From this study (Pivokonsky et al., 2018), it was observed that
the content of microplastics in the treated water was significantly
lower (by 83% on average) than in the raw water. They also found
that the smallest microplastics were the least removed during the
drinking water treatment processes. A later study performed by
Pivokonsky et al. (2020) found 23 +2 and 14 + 1 microplastics
particles/L in raw and treated water, respectively, at one DWTW,
and 1 296 £ 35 and 151 + 4 microplastics particles/L at another.
Kirstein and co-workers (2021) found that most microplastics
detected in drinking water were <150 um and 32% were <20 pm,
which could potentially pose a risk to human health. A study
by Mukotaka et al. (2021) found, on average, between 7 and 97
microplastics particles per litre of purified tap water in waters
analysed from Japan, the United States of America, France,
Finland, and Germany.

Because of the worldwide increasing prevalence of microplastics
in the aquatic environment (either marine or freshwater) and
the outcomes from the scoping study performed by Bouwman
et al. (2018), concerns were raised regarding the prevalence of
microplastics in South Africa’s tap water. Therefore, we decided to
conduct a baseline study on the prevalence of microplastics in the
source and drinking water of South Africa’s largest bulk drinking
water supplier. This bulk drinking water supplier is situated in the

Gauteng Province of South Africa and provides drinking water
to approximately 19 million South Africans (Van Rooyen, 2016).
The aim of this study was to screen the source (raw) and drinking
water of this large bulk drinking water supplier and determine
the extent to which microplastics occur before treatment, after
treatment, and in the distribution network.

MATERIALS AND METHODS

On 6 and 7 November 2018, samples were taken at the two main
DWTWs of South Africa’s largest bulk drinking water supplier
(Table 1). This included 2 samples from the source water, i.e., RAW
1 (from the Vaal River downstream from the Vaal Dam at the
Lethabo weir) supplied DWTW 1 and RAW 2 (from the Vaal Dam)
supplied DWTW 2 via a canal. Four samples were taken at the two
plants immediately following the treatment process, i.e., Potable 1a
and 1b (after treatment at DWTW 1) and Potable 2a and Potable
2b (after treatment at DWTW 2). Four samples were taken from
the distribution network, namely MABO (in Mabopane), GARAN
(in Garankuwa), WELTE (in Weltevredenpark), and PELIN (at
Pelindaba) in Gauteng, South Africa (Fig. 1).

Table 1. Coordinates of sampling sites

Sample name Coordinates

Raw 1 *S 26°41'24"; E 27°54'48"
Raw 2 S$26°41'06"; E 28°01'02"
Potable 1a *S 26°41'24"; E 27°54'48"
Potable 1b *S 26°41'24"; E 27°54'48"
Potable 2a S 26°40'39"; E 28°00'15"
Potable 2b S 26°40'39"; E 28°00"15"
MABO $26°30'10"; E 28°02'41"
GARAN $25°62'08"; E 28°00'87"
WELTE $26°53'27"; E27°56'11"
PELIN S 25°77'61"; E 27°98'76"

*Sampling sites with the same coordinates may indicate that sampling
points are in the same sampling kiosk.
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Figure 1. Diagram of sampling sites for this study, from source to distribution (DWTW = drinking water treatment works)
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All sampling sites, except for RAW 2, were sampled in a dedicated
sampling kiosk where the water either ran constantly or was
allowed to run for 5 min before the actual sampling was performed.
To reduce contamination during sampling, the kiosk doors were
closed and, where possible, stainless-steel buckets were placed
inside the kiosk and closed while the buckets filled up.

Two different samples were taken at each sampling site: one
unfiltered water sample was destined for monomer/additive
analysis and one sample (a 100 L filtered sample) was taken for
fibre and fragment identification and enumeration. All samples
were taken by trained specialists.

Fibre and fragment identification and enumeration

The samples destined for fibre and fragment identification and
enumeration were sampled by filtering 100 L of the sample through
a 20 um mesh stainless steel sieve. The trapped microplastics on
the sieve were then washed into a 250 mL glass bottle and covered
with foil before the Teflon lid was replaced.

The samples were placed in a portable ice chest, transported, and
stored overnight in a refrigerator at 5 + 4°C. All samples were
delivered to the outsourced laboratory (North-West University,
Unit for Environmental Sciences and Development) within 48 h
of sampling.

The samples were prepared and analysed using a spectroscopic
identification method (Fourier transform infrared (FT-IR)
spectroscopy) (Crichton et al., 2017; Primpke et al, 2017;
Dyachenko et al.,, 2017) for the identification and enumeration of
microplastics (Fig. 2).

90 — 100 L water sample

v
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Analysis

Figure 2. Sample preparation and FT-IR (Fourier transform infrared
spectroscopy) analysis of microplastics, for raw and potable water sam-
ples as performed by North-West University, Potchefstroom Campus
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The FT-IR instrument is coupled to a microscope, which allows the
detection of smaller microplastics or thin films that do not fully
adsorb the IR beam. The analysis was performed by specialists
from the North-West University, Potchefstroom Campus, at the
unit for Environmental Sciences and Development.

Sample preparation

Samples arrived at the NWU Microplastics Laboratory suspended
in a small volume of water. The water was dried overnight (Fig. 2)
and covered with aluminium foil to avoid contamination
by atmospheric fallout. The dried samples were subjected to
temperature-controlled peroxide digestion using Fenton reactants.
Three grams of Nal was added per 40 mL of liquid to achieve an
approximate density of 1.05 g/L. The samples were then placed in
density separators and stirred vigorously to prevent microplastics
from being trapped in settled debris.

After the samples were left overnight in the density separators and
clear settling of sediments was observed, the sedimented layer
was removed and retained in a Petri dish. This was subsequently
inspected for microplastics using a stereo microscope. If any
possible plastic particles were found, they were removed using
a pair of forceps and added to the rest of the collection for that
sample. The remainder of the liquid containing less dense material
such as plastic was filtered through a custom-made 25 um filter,
which contained a rubber O-ring to secure the filtered liquid.

Analysis

Each stainless-steel filter was inspected using a Nikon EZ 100
multi-zoom compound binocular microscope. The filter was
placed over a grid to aid visual counting (Fig. 2). The longest
dimension of each particle was measured using the NIS Elements
D Imaging software (Nikon). Fragments and fibres were counted
on separate matrices documenting the size and colour of each
particle. Visual criteria applied were particles that contained no
cellular structure or showed signs of degradation due to digestion.
The shape, crystalline structure, and breakage patterns of the
particles were also considered. Fragments and fibres were counted
separately according to their size and colour. A procedural
blank was run in parallel with the processing and analysis of the
10 samples; 25 fibres and 9 fragments were detected in the blank
and subtracted from the final results to account for method
contamination.

Ten percent subsamples of samples suspended in ethanol were
deposited on ZnSe infrared transmission windows for polymer
identification using an Agilent Cary 660 FT-IR spectrometer with
coupled microscope (Fig. 2) to determine polymer compositions,
at Aalborg University Urban Pollution Research Group. FPA
images were analysed using siMPle software over standard
spectral libraries developed by the software developers.

Monomer/additive analysis

Samples for monomer/additive analyses were taken in three
different containers supplied by M&L Laboratory Services that
performed the analyses. The containers included one 500 mL
amber glass bottle and two 40 mL amber vials. Sampling bottles
were filled so that there was no headspace in any of the containers.
Samples were placed in a portable ice chest and delivered to M&L
Laboratory Services within 36 h of sampling (a SANAS accredited
facility, affiliated with ILAC). The samples from the source water
and directly after treatment were taken on 6 November 2018.
Samples in the distribution network were taken on 7 November
2018. All samples were submitted to M&L Laboratories on
7 November 2018. The samples that were taken the day before
submission were placed in a fridge overnight at 5 + 4°C.
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The semi-volatile organic compounds (SVOC) were prepared
according to EPA Method 3510C (EPA, 1996a) and analysed by
GC/MS (gas chromatography/mass spectrometry) according
to EPA Method 8270C (EPA, 1996b). The organic compounds
in the aqueous solution were isolated by serial extraction at a
specified pH with methylene chloride using a separatory funnel.
The extract was dried, concentrated, and exchanged with a
solvent compatible with the cleanup or determinative method
(EPA, 1996a). The semi-volatile compounds were introduced
into the GC/MS. The GC column was temperature-programmed
to separate the analytes, which were then detected using a
mass spectrometer (MS) connected to the gas chromatograph.
Analytes eluted from the capillary column were introduced
into the mass spectrometer. Target analytes were identified
by comparing their mass spectra with the electron impact (or
electron impact-like) spectra of authentic standards. Quantitation
was accomplished by comparing the response of a major ion
relative to an internal standard using a 5-point calibration curve
(EPA, 1996b).

RESULTS AND DISCUSSION
Fibre and fragment enumeration

The results from the fibre and fragment enumeration are
summarised in Table 3 according to size range.

Because plastic is a ubiquitous pollutant and atmospheric fallout
is likely to influence the results during sample preparation and
counting, a control sample was used to indicate the possible
background interference during microplastics identification
and enumeration. The control sample (Table 3) shows 0.34
microplastics particles/L. ‘RAW 2 (0.24 particles/L), WELTE
(0.26 particles/L) and PELIN (0.4 particles/L) ranged very close
to the control, indicating negligible amounts of microplastics in
the size ranges investigated.

The highest microplastics concentration was found in the ‘RAW
I’ source water to DWTW 1, 1.47 particles (either fragments
or fibres) per litre of water. The other source water sample taken
(‘RAW 2°) showed 0.24 particles/L. It should be noted, however,

Table 2. Mass (in ng) and total count composition of polymers in raw water sample

Polymer % of particles Mass (ng) per total sample Mass % of MP

Acrylates/polyurethanes/varnish 20 2101.119 13.10

Polyester 6.67 111.666 0.70

Cellulose chemical modified 333 6.585 0.04

Polyethylene-chlorinated 26.67 4.029.097 2511

Polyethylene (PE) 6.67 11.305 0.07

Ethylene-vinyl-acetate (EVA) 6.67 8 659.414 53.97

Rubber 30 1125.447 7.01

MP = microplastics
Table 3. Total microplastics counts (per 1 L of water) in samples from the different sampling sites
Size ranges (in pm)
25-300 301-600 601-900 901-1200 1201-1500 >1500 Sub-total Total

Control Fragments 0.06 0.03 0.09 0.34
Fibres 0.03 0.07 0.05 0.02 0.08 0.25

RAW 1 Fragments 1.22 0.01 0.01 1.24 1.47
Fibres 0.05 0.02 0.01 0.04 0.01 0.1 0.23

RAW 2 Fragments 0.02 0.02 0.24
Fibres 0.13 0.02 0.02 0.01 0.04 0.22

Potable 1a Fragments 0.25 0.1 0.01 0.37 0.69
Fibres 0.07 0.12 0.03 0.02 0.01 0.07 0.32

Potable 1b Fragments 0.42 0.05 0.47 0.9
Fibres 0.07 0.12 0.08 0.02 0.05 0.09 0.43

Potable 2a Fragments 0.1 0.14 0.04 0.01 0.01 0.31 0.56
Fibres 0.03 0.06 0.03 0.01 0.04 0.08 0.25

Potable 2b Fragments 0.39 0.01 0.01 0.41 0.79
Fibres 0.05 0.06 0.04 0.05 0.07 0.1 0.38

MABO Fragments 0.16 0.02 0.18 0.6
Fibres 0.06 0.14 0.1 0.05 0.03 0.04 0.42

GARAN Fragments 0.19 0.01 0.2 0.88
Fibres 0.13 0.12 0.06 0.03 0.05 0.29 0.68

WELTE Fragments 0.12 0.01 0.13 0.26
Fibres 0.03 0.06 0.01 0.03 0.13

PELIN Fragments 0.09 0.01 0.01 0.1 0.4
Fibres 0.08 0.07 0.02 0.02 0.01 0.09 0.29
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that the results from RAW 2 might be underestimated because the
water contained a lot of debris and the filtration process during
sampling was quite cumbersome since the 20 pm sieve was blocked
frequently. Therefore, the process had to be repeated by washing
the sieve between sampling, and, therefore, loss may have occurred
during this ‘washing’ process. The drinking water, immediately after
treatment, ranged from 0.56 to 0.9 particles/L, and the water in the
distribution network ranged from 0.26 to 0.88 particles/L. Because
the samples taken immediately after treatment and those in the
distribution network all occur in very similar ranges, no evidence
could be found that the distribution system (pipes, reservoirs etc.)
contributes to microplastics in the drinking water (e.g., by bitumen
or plastic leaching etc.). The lower concentration of microplastics
in the distribution network when compared to that directly after
treatment might be an indication that microplastics adhere to pipes
and biofilm along the way. It would be interesting to investigate
microplastics in the biofilm of this large distribution network.

In most cases microplastics particles in the size range of
25-300 pm were the most abundant (Table 3).

The total microplastics counts (represented by the concentrations
determined in the sample and subtracting the concentration from
the control sample) at the different sampling sites are displayed
in Fig. 2. The results of this study indicate that the microplastics
content of the source water (RAW 1 and RAW 2) is below the
surface water average (1.9 particles/L) in South Africa, as reported
by Bouwman et al. (2018). After subtracting the results from the
control (fibres and fragments separately), it appeared that the
largest portion of the fibre particles in the samples was due to
contamination during the sample preparation step. This indicates
the importance of wearing suitable (e.g., cotton) clothing during
sampling and sample preparation.

The average number of microplastics Pivokonsky and team (2018)
found in raw water ranged from 1473 + 34 to 3 605 £ 497 particles/L
and in the treated water from 338 + 76 to 628 + 28 particles/L.
In a later study conducted by the same research group

(Pivokonsky et. al., 2020) they found 23 + 2 and 14 + 1 particles/L
in the raw and treated water from one DWTW and 1 296 + 35
and 151 * 4 in the raw and treated water from another DWTW.
So even though the results from the current baseline survey
(Fig. 3) were significantly lower than the results obtained from
the Czech Republic (Pivokonsky et al., 2018; 2020), the results
could not be compared because the size ranges were different. It is
important to note that the size range that Pivokonsky et al. (2018;
2020) found to contain the highest concentration of microplastics
(<20 pm) was not investigated during this study, since it required
instrumentation not used in the present study.

FT-IR polymer composition and mass estimation

Raw water samples had an estimated 16 044.632 mg of plastic
per 100 L sample as determined by semi-automated analysis
on siMPle software for FPA FT-IR microplastic samples. The
siMPle software was used to calculate the percentage polymer
composition of the FPA FT-IR results.

In terms of the number of particles, rubber was the most frequently
found polymer. Based on mass, however, as a function of particle
size and polymer density, EVA (54.97%) and polyethylene
(standard and chlorinated) (25.18%) were the most prevalent
(Table 2). EVA is a polymer commonly used as foam in sporting
equipment and in the soles of flip-flop sandals.

A comparison of the FT-IR spectra of the different PE density
polymers revealed a high degree of similarity, with the exception
ofasmall peak at 1 377 cm visible in the low density-polyethylene
(LDPE) and linear low density-polyethylene (LLDPE) spectra, yet
absent in the high density-polyethylene (HDPE) spectra (Jung
et al,, 2018). Differentiation between these polymer spectra, with
the low signal-to-noise ratio obtained in IR spectra from small
microplastic particles, is virtually impossible, and therefore all
PEs are grouped together in the results. PE is a commonly used
polymer with a broad variety of applications, explaining its
relatively high levels in environmental water samples.
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Table 4. Monomer/additive results as detected in raw, treated and distribution network samples from South Africa’s largest bulk

drinking water supplier

Sample point Di-n-butyl Benzyl butyl Bis (ethylhexyl) Styrene Bisphenol A Vinyl chloride
phthalate phthalate phthalate (BPA)
RAW 1 <50 pg/L <50 pg/L <50 pg/L <1 ug/L <500 pg/L <1 ug/L
RAW 2 <50 pg/L <50 pg/L <50 pg/L <1 ug/L <500 pg/L <1 ug/L
Potable 1a <50 pg/L <50 pg/L <50 pg/L <1 pg/L <500 pg/L <1 pg/L
Potable 1b <50 pg/L <50 pg/L <50 pg/L <1pug/L <500 pg/L <1 ug/L
Potable 2a <50 pg/L <50 pg/L <50 pg/L <1 pg/L <500 pg/L <1pg/L
Potable 2b <50 pug/L <50 pg/L <50 pg/L <1ug/L <500 pg/L <1 pg/L
MABO <50 pg/L <50 pg/L <50 pg/L <1upg/L <500 pg/L <1upg/L
GARAN <50 pg/L <50 pg/L <50 pg/L <1 pg/L <500 pg/L <1 pg/L
WELTE <50 pg/L <50 pug/L <50 pug/L <1pg/L <500 pg/L <1pg/L
PELIN <50 pug/L <50 pug/L <50 pug/L <1pg/L <500 pg/L <1pg/L

Note that all results are below the detection limits of the methods

Monomer/additive analysis

The results for the monomer/additives analysed in the 10 different
samples is summarised in Table 4. None of the 6 monomers/
additives could be detected in any of the samples, which includes
source water samples (RAW 1 and RAW 2), samples immediately
after treatment (Potable 1a, Potable 1b, Potable 2a and Potable 2b),
as well as samples in the distribution network (MABO, GARAN,
WELTE and PELIN).

CONCLUSIONS

In the current baseline study, performed at South Africa’s largest
bulk drinking water supplier, drinking water proved to have
<1 particle per litre of water of microplastics content (either
fragments or fibres). The current study showed little evidence
that the drinking water treatment processes significantly reduced
the number of microplastics particles during treatment; however,
follow-up studies are necessary to confirm this result. The study
found that the smaller microplastics particles (between 1 and
300 um) were the most abundant in source and drinking water
and were also the least effectively removed during drinking
water treatment. This study could also not find any evidence
that microplastics increased in the distribution network (e.g., by
bitumen or plastic leaching, etc.). The known monomers/additives
associated with microplastics (di-n-butyl phthalate, benzyl butyl
phthalate, bis (ethylhexyl) phthalate, styrene, bisphenol A and
vinyl chloride) could not be detected in any of the samples (which
include source water and drinking water samples).

RECOMMENDATIONS

From a water board perspective, the following recommendations
should be considered:

o Since the current study only included samples from the
source water, after treatment and in the distribution net-
work, follow-up studies should be performed to determine
the extent of microplastics prevalence from source to tap,
which would include samples at customer taps for a holistic
view of microplastics occurrence.

o Follow-up studies should include sampling occasions
during high-flow seasons (summer when rainfall is high)
and low-flow seasons (winter when rainfall is low).

o In-line sampling apparatus should be constructed for future
sampling occasions to reduce microplastics contamination
from the air during sampling and additionally allow for the
sampling of higher volumes of drinking water.

Water SA 49(4) 320326 / Oct 2023
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o Most literature on microplastics in tap water suggests that
particles < 20 um are the most abundant and, therefore,
future investigations should include particle sizes < 20 pm.
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