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Microplastic (MP) pollution has become a global 
environmental concern, affecting a wide range of 
aquatic systems, including rivers (Klein et al. 2015; Dalu 
et al. 2021), lakes (Nava et al. 2023), wetlands (Dalvand 
and Hamidian 2023), groundwater (Mutshekwa et al. 2025; 
Mutshekwa et al. 2026), and marine and coastal 
environments (Andrady 2011; Naidoo and Glassom 2019). 
According to Hidalgo-Ruz et al. (2012), MPs are tiny 
plastic particles smaller than 5  mm in diameter derived 
from the breakdown of larger plastic waste or made 
directly for use in products and industrial applications. 
Their small size and durability allow MPs to move easily 
through the environment, raising concerns for ecosystems 
and human health (Andrady 2017). Although research 
on MPs has expanded rapidly since the first discovery by 

Carpenter and Smith (1972), over the past decade studies 
have largely focused on marine environments and urban 
or industrial freshwater systems (Thompson et al. 2024), 
while remote, culturally important, or geologically unique 
freshwater ecosystems, also known as sacred waters (Surpi 
et al. 2025), have been studied far less.

Sacred waters, such as natural springs and water pools, 
particularly in Africa, play a critical role in supporting 
rural livelihoods and cultural practices (Altman 2002). 
These sacred springs are preserved through indigenous 
knowledge and cultural traditions and are often used for 
drinking, ritual cleansing, and traditional healing (Faniran 
et al. 2001; Wilkens 2011; Itu et al. 2024). According to 
Altman (2002), sacred waters are often seen as pristine by 
local communities because of their spiritual importance and 
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Microplastic (MP) pollution is increasingly being reported in freshwater ecosystems, yet culturally significant and 
geochemically unique systems remain poorly studied. This study provides baseline evidence of MP contamination 
in South Africa’s sacred freshwater systems, specifically Isinuka springs and CO2-seeping freshwater systems 
along the Bongwana Fault. Surface water samples were collected from nine sites, including Isinuka springs (four 
sites; n  =  4) and CO2-seeping freshwater systems (five sites; n  =  5). Microplastics were found at all sites, with 
abundances ranging from 5 to 48 particles l−1 (average ≈ 20.4 particles l−1). Transparent MP particles were the most 
common colour (38.6%), fibres/filaments were the dominant shape (69.6%), particles ≥  20  µm accounted for the 
highest proportion by size (51.1%), and polypropylene (PP) was the most frequently identified polymer (38%). 
A variety of MP patterns were observed, with the highest number of MP particles found at the most intensively 
used sacred site (Isinuka spring; Site 1). These findings highlight that sacred freshwater systems, often regarded 
as pristine due to their cultural and traditional significance, are vulnerable to MP contamination, with potential 
ecological, cultural and public health implications for communities that rely on these waters for drinking, healing 
and spiritual practices. This study provides essential baseline data and underscores the need for wider MP 
monitoring in South African sacred freshwater systems, including sediments and biota, while also emphasising 
the importance of combining scientific approaches with cultural management and community awareness to protect 
these sacred waters from MP pollution.
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natural origins. However, growing human activity, changes 
in land use, and widespread pollution can threaten their 
environmental quality (Jumbam 2012; Ncube et al. 2020). 
Despite their ecological and socio-cultural importance, 
sacred freshwater systems remain understudied in MP 
research, particularly in South Africa (Dahms and Greenfield 
2024), and are prone to plastic pollution due to limited 
regulations protecting these waters. The lack of regulations 
not only threatens aquatic organisms that inhabit these 
ecosystems but also poses potential health and livelihood 
risks for the communities that rely on these water systems for 
drinking water, rituals, and traditional practices.

South Africa contains a range of geologically distinct 
freshwater systems including sulphur-rich springs such 
as Isinuka springs and natural CO2-seepage along major 
fault zones, such as the Bongwana Fault, which extends 
through parts of the Eastern Cape and KwaZulu-Natal 
provinces (Johnson et al. 2017). Many of these sulphur-rich 
and CO2-seeping freshwater systems hold strong cultural 
and spiritual significance, linked to ancestral beliefs and 
traditional practices (Johnson et al. 2017). While previous 
studies have focused on the geological origin (e.g. Johnson 
et al. 2017), hydrochemistry (e.g. Faniran et al. 2001), and 
gas emissions (e.g. Bond et al. 2017) of South African 
sacred freshwater systems, MP contamination in these 
freshwater systems has not been investigated (Dahms and 
Greenfield 2024; Mokgalaka-Fleischmann et al. 2024). This 
study presents the baseline evidence of MP contamination 
in Isinuka springs and CO2-seeping freshwater systems 
in South Africa. This short communication aimed to 
investigate the occurrence and characteristics of MPs in 
the study area. We hypothesised that (i) MPs would be 
found in all samples, particularly those that are intensively 
used or located near larger settlements such as Isinuka 
springs and (ii) MP characteristics (size, colour, shape) 
would vary among sites. By providing baseline data from 
these previously unstudied sites, this research aims 
to highlight that sacred freshwater systems in South 
Africa are vulnerable to plastic pollution and the need to 
include environmental monitoring in the conservation and 
management of culturally protected waters.

Water sampling was conducted in March 2025 across 
nine sacred freshwater systems (Figure 1; Table S1). Three 
sites (Sites 1–3) were located in the Isinuka springs (also 
known as Isinuka Mud Caves and Sulphur Pools) in the 
Isinuka Village, and one (Site 4) located 10 km from Isinuka 
village near Mzimvubu River (see Ncube et al. 2020 and 
Ogola et al. 2025 for detailed site descriptions). Five sites 
on CO2-seeping freshwater systems were located along 
the Bongwana gas fault in the Bongwana village (n  =  3; 
Site 5–7), and a further two sites were located at Mbizana/
Nomkololwana village near Mtamvuna River in the border 
of Eastern Cape and KwaZulu-Natal (n  =  2; Sites 8–9) 
(see Harris et al. 1997; De Decker 1981 for detailed site 
descriptions). The Isinuka springs are regarded as sacred 
due to their long-standing use for ritual bathing, spiritual 
cleansing, healing, and domestic water collection by local 
communities (Ncube et al. 2020). Similarly, several CO2-rich 
seeping systems along the Bongwana gas fault hold cultural 
significance linked to ancestral beliefs and traditional 
practices (Bond et al. 2017). 

At each site, a 1-l surface water sample was collected 
using newly purchased glass containers fitted with steel 
lids. All containers were thoroughly washed with dilute 
hydrochloric acid and rinsed with distilled water at least 
24  hours prior to sampling to minimise contamination 
following the protocol of Stock et al. (2019). Surface water 
samples were collected by scooping water directly into 
the container until full. To minimise contamination, field 
personnel wore cotton laboratory coats and nitrile gloves, 
sampling containers remained closed except during sample 
collection, and all equipment was rinsed with distilled water 
before use. During transport and laboratory processing, 
samples were covered whenever possible (Gwinnett and 
Miller 2021; Munno et al. 2023). 

In the laboratory, water samples were processed using 
a filtration approach (Le et al. 2023). Each sample was 
filtered through cellulose membrane filters representing 
particle size fractions of 1.7–10  μm, >10–20  μm, and 
>20 μm. To minimise contamination during filtration, all 
glassware and filtration equipment were rinsed with distilled 
water before use, laboratory surfaces were cleaned prior 
to processing, personnel wore cotton laboratory coats, 
and procedural blanks were analysed alongside samples 
following recommendations by Munno et al. (2023). Once 
dried, filters were examined under stereomicroscope 
(Olympus SZX7, Olympus Optical, Japan) equipped with 
a KL  1600  LED light source and an integrated Olympus 
Cam-SC50 camera, operated using Stream Essential 
2.3 software and MPs were identified based on shape 
and colour (Qiu et al. 2016). Laboratory quality control 
procedures were implemented throughout sample 
processing as described by Mutshekwa et al. (2025). For 
polymer identification, a random subsample (~60%) of the 
particles of >20 μm in size was analysed using attenuated 
total reflectance Fourier-transform infrared (ATR-FTIR) 
spectroscopy (Bruker, Germany) and compared against 
reference libraries to determine polymer composition (see 
Mutshekwa et al. 2023 for detailed method). Particles 
<20  μm were not subjected to polymer confirmation due 
to analytical constraints associated with the ATR-FTIR 
instrument used. Therefore, the reported polymer 
composition reflects only the >20 μm MP fraction. Polymer 
identifications were accepted only when the spectral match 
exceeded 70%. Spectra with lower similarity scores or 
ambiguous matches were classified as “other” and were not 
assigned to a specific polymer type.

As replicate samples were not collected at each site 
due to restrictions by the local communities at some sites, 
inferential statistical analyses were limited to variables that 
allowed comparison across sites (Allua and Thompson 
2009). Microplastic abundance data were analysed using 
a generalized linear model (GLM) with a Poisson error 
distribution to assess differences among particle size 
classes while accounting for spatial variation among sites. 
Site was included in the model to account for heterogeneity 
in MP abundance across sampling locations. Microplastic 
colour and shape data were analysed descriptively to 
explore spatial patterns across sites (Frere et al. 2017). 
Furthermore, Principal component analysis (PCA) was 
conducted to assess differences in MP shape and colour 
composition across sites using PAST Ver 4.03.
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Contamination was not found in controls (i.e. controls 
in the laminar flow and bench top). As procedural blanks 
showed no MP contamination, a conservative observational 
reporting threshold of 5  particles  l–1 was adopted, 
corresponding to the lowest non-zero concentration detected 
among samples. A total of 184  MPs were found across 
all 9  sampled sites, ranging from 5  to  48  particles  l–1 and 
an average of 20.4  (±  4.3  SD) particles  l–1. The highest 
abundance of MP particles, 48  particles  l–1, was found in 
Site 1 (Isinuka spring), and the lowest abundance was found 
in site 5 (CO2-seeping) (Figure 2a). The most common MP 
colours found were transparent (38.6%), white (19.0%), 
and blue (15.8%) (Figure 2b), while fibres/filaments (69.6%) 
and fragments (21.7%) dominated in shape, with foam 
(3.8%), film (3.3%), and pellets (1.6%) being less frequent 
(Figure 2c). Microplastic particles were also found across 
different sizes, with particles >20  μm contributing to the 
largest proportion of MP particles (51.1%) followed by 
1.7 μm (29.9%), and 10 μm (19.0%) (Figure 2d). 

The generalised linear model (Poisson error distribution) 
revealed a significant effect of microplastic size class on 

microplastic abundance (χ² = 57.42, df = 2, p < 0.001). From 
the observed MP particles, a random subsample (~60%) of 
suspected particles underwent FTIR/ATR-FTIR analysis, 
resulting in six polymer types: 38.0% polypropylene (PP), 
30.0% polystyrene (PS), 15.0% polyethylene terephthalate 
(PET), 12.0% polyethylene (PE), 4.0% polydimethylsiloxane 
(PDMS), and 1.0% polyvinyl chloride (PVC).

Principal Component Analysis (PCA) revealed distinct 
site-level differences in MP shape and colour composition 
(Figures 3 and 4). The first principal component (PC1) 
represented MP abundance, with Sites 1, 8, and 9 
characterised by higher counts of fibres/filaments, fragments 
(Figure 3), and transparent particles (Figure 4). The second 
principal component (PC2) also reflected differences in MP 
shape and colour.

This study provides baseline evidence of MP 
contamination in Isinuka springs and CO2-seeping 
freshwater systems in South Africa. In the current study, 
MPs were found at all sampled sacred freshwater sites, 
highlighting that geologically unique and spiritually 
significant freshwater systems are also prone to MP 

(a) (b)

(c) (d)

(a) (b)

(c) (d)

Figure 1: Images of selected sampled sacred freshwater systems: (a) Isinuka Spring (also known as Isinuka Healing Spa/the naturally 
pink spring; Site 1); (b) Sulphur-rich spring located ~10 km from Isinuka Spring (Site 4); (c) and (d) CO2-seeping systems at Nomkololwana 
village in Mbizana. Photographs by Thendo Mutshekwa
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pollution. Observed MP particles ranged from 5 to 
48  particles  l–1. These particles occurred in a range of 
colours, shapes, and sizes comparable to those reported 
in other freshwater systems such as rivers, lakes, 
wetlands, and groundwater both in South Africa (Dahms 
and Greenfield 2024; Mokgalaka-Fleischmann et al. 2024) 
and elsewhere in Africa (Nyaga et al. 2024). However, 
the MP abundances observed in this study were notably 
higher than those reported in South African natural springs 
(2–38  particles  l–1) (Mutshekwa et al. 2026). Unlike many 
freshwater systems previously studied that are mainly 
influenced by urbanisation, wastewater discharge, or 
industrial activities, the sacred freshwater sites in this 
study are culturally significant and used for ritual and 

domestic purposes. The presence of MPs in these systems 
shows that even culturally perceived pristine waters are 
not exempt from plastic pollution, highlighting the need to 
include such sites in future monitoring and conservation 
programmes.

The abundance of MPs varied across sites; however, 
Isinuka Spring (a naturally pink spring; Site 1) had 
the highest MP abundance. The relatively higher MP 
abundance observed here may be associated with its 
greater accessibility and the variety of human activities 
reported at the site, including ritual bathing, spiritual 
cleansing, drinking, tourism, and commercial activities 
related to the sale of spring water and sediments than 
at other sites (Faniran et al. 2001; Jumbam 2012). The 
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Figure 2: Microplastic characteristics in sacred freshwater systems: (a) abundance, (b) colour, (c) shape, and (d) size in Isinuka springs 
(sites 1–4) and CO2-seeping faults (sites 5–9) in the Eastern Cape and KwaZulu-Natal provinces, South Africa. S1–S9 denote sites 1 to 9
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pinkish water and sediments in Site 1 are believed to 
possess healing and protective powers by the local 
communities due to their odour, caused mainly by 
hydrogen sulphide gas (H2S) (Ogola et al. 2025). This has 
resulted in a small business hub near the spring where 
locals sell the pinkish-coloured water and sediments to 

tourists and motorists. Other Isinuka springs were also 
contaminated with MPs and are used for similar purposes; 
however, ritual bathing and spiritual cleansing are limited 
at these sites due to their small size and the absence of 
pinkish-coloured water. In contrast, the CO2-seeping 
sites along the Bongwana fault are more isolated, some 
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being located in private property (Site 5, 6 and 7) or only 
accessed through permission from the locals, which 
may partially explain their lower MP abundances when 
compared to Isinuka spring (Site 1). Nonetheless, the 
CO2-seeping freshwater systems at Nomkololwana 
village in Mbizana (sites 8 and 9) are also used for the 
same traditional beliefs and ancestral communications 
(Bond et al. 2017), which explains the increased MP 
contamination when compared to other CO2-seeping sites. 
Additionally, sampling was conducted during the rainy 
season, a period known to enhance MP transport through 
surface runoff, erosion, and the mobilisation of land-based 
sources into freshwater systems (Xia et al. 2021). This 
seasonal effect may have further contributed to elevated 
MP inputs, particularly at sites experiencing higher human 
activity and disturbance as at the Isinuka healing spa site.

Microplastics across sites were characterised by a 
variety of shapes, colours, sizes and polymer types. Fibres/
filaments, transparent MP particles, >20 μm sized particles 
and polypropylene (PP) were the most common. This 
pattern is consistent with studies from within South Africa 
(e.g. Dalu et al. 2021; Mutshekwa et al. 2025) and globally 
(Han et al. 2020; Jiang et al. 2023), and is not surprising 
as sources of MPs at the study sites may originate from a 
variety of human activities, run-off during heavy rains, 
atmospheric deposition and tourist activity (T Mutshekwa, 
pers. observ.). Clear differences in MP colour and shape 
between sites, shown by the PCA, suggest that local water 
conditions, land use, and accessibility can influence MP 
characteristics. The distinct geochemical characteristics of 
sulphur-rich and CO2-seeping freshwater systems represent 
an important area for future research. However, the present 
study did not measure physicochemical factors controlling 
MP transport, degradation, or retention, and therefore no 
mechanistic conclusions can be drawn regarding their 
influence on MP behaviour. Although this study did not 
directly test these effects, the results highlight the need for 
future research on how factors such as extreme pH, gas 
seepage, and mineral build-up influence MP behaviour in 
these environments.

Overall, the presence of MPs in the Isinuka and nearby 
CO2-seeping freshwater systems of South Africa has 
important ecological, cultural, and public health implications, 
especially for communities that use these waters for 
drinking, healing, and spiritual practices. This study was 
based on a single surface-water sample per site collected 
during the rainy season, with no replicate samples collected 
(Lusher et al. 2015); therefore, the findings should be 
interpreted as baseline evidence of MP occurrence during 
the rainy season only and do not represent seasonal 
variability or annual contamination patterns within these 
freshwater systems. In addition, the size classification used 
in this study was constrained by the filtration system, with 
the largest size category reported as >20 μm. Since MPs are 
defined as particles up to 5 mm in size, larger particles may 
not have been fully characterised, limiting the interpretation 
of microplastic size distributions. Despite these limitations, 
the occurrence of MPs highlights the vulnerability of sacred 
freshwater systems to plastic pollution in South Africa. 
Future research should incorporate a wider range of size 
classes, replicated and seasonal sampling, sediment and 

biota analyses, and investigations of interactions between 
MPs and the distinctive geochemical conditions of these 
freshwater systems.
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