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INTRODUCTION

Microplastics, typically defined as plastic 
fragments smaller than 5 mm, have become a sig-
nificant concern in both environmental and public 
health contexts. These particles primarily originate 
from the degradation of larger plastic debris and 
are now widely found across terrestrial and aquatic 
ecosystems. As the global production of plastic 
continues to rise while waste management systems 
struggle to keep up, microplastic contamination 
has become alarmingly widespread. Much of this 
plastic debris ends up in rivers, lakes, and oceans, 
accumulating over time and contributing to wide-
spread environmental pollution (Priya et al., 2023).

Given their persistence and ubiquity, grow-
ing concerns have emerged regarding their effects 
on ecosystems and human health. These tiny par-
ticles can interfere with aquatic life and may also 
enter the human body through contaminated food 

or drinking water. Research has shown that micro-
plastics can carry hazardous chemicals and even 
pathogens, potentially increasing associated health 
risks (Lusher et al., 2017). Traces of microplastics 
have now been identified in places as remote as the 
deep ocean and as close as bottled drinking water, 
demonstrating the extensive spread of microplastic 
pollution (Oßmann et al., 2018). Similar findings 
have also been reported in consumable salt prod-
ucts across Indonesia, indicating that microplastic 
contamination has extended to basic dietary sourc-
es (Amqam et al., 2024).

Many studies conducted globally have veri-
fied the widespread presence of microplastics in 
various water sources, including those intended 
for human use. A study conducted near the Ta-
mangapa landfill in Makassar, for instance, dis-
covered microplastic particles in every dug well 
sample examined – an alarming sign that even 
groundwater is not immune to plastic pollution 
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(Natsir et al., 2021). Likewise, bottled drinking 
water from different brands and countries has 
been found to contain microplastics, with some 
samples showing concentrations as high as 325 
particles per liter (Lolodo and Nugraha, 2019; Tse 
et al., 2022; Zhang et al., 2020). These findings 
not only highlight the prevalence of environmen-
tal contamination but also raise legitimate con-
cerns about the safety of widely consumed drink-
ing water products (Geyer et al., 2024).

In areas such as Makassar, Indonesia, refill-
able plastic gallons are a common method of dis-
tributing drinking water. However, repeated use 
and frequent washing can gradually degrade the 
plastic, increasing the risk of microplastic con-
tamination. A recent study on gallon water de-
pots in Makassar detected microplastics in every 
sample tested, with concentrations of up to 0.8 
particles per liter (Syarif et al., 2021). This risk 
is exacerbated by mechanical friction during the 
washing process, especially between the gallon 
walls and cleaning tools made of materials such 
as nylon or PVC. Over time, this friction can 
erode the container’s surface, releasing micro-
plastic particles into the water.

Beyond local observations, recent interna-
tional studies have also highlighted microplas-
tic contamination in both treated and untreated 
drinking water systems. For example, a 2023 
study assessed microplastics in residential tap 
water, confirming the presence of particles such 
as cellulose and cellophane in all tested samples 
(Nor et al., 2023). Another 2023 study in Geneva, 
Switzerland, evaluated the effectiveness of drink-
ing water treatment plants (DWTPs) in removing 
microplastics, reporting removal rates reaching 
up to 97%, although small amounts remained in 
treated water (Velasco et al., 2023).

Given the growing body of evidence linking 
plastic waste management practices to microplas-
tic contamination, it is essential to investigate 
specific variables, such as washing frequency, and 
their impact on microplastic generation. Studies 
have indicated that increased washing frequency, 
particularly in refillable plastic containers, accel-
erates plastic degradation (Wang et al., 2018). 

Polyethylene terephthalate (PET) is the most 
commonly used plastic for refillable gallon contain-
ers due to its lightweight, low cost, and transpar-
ency. However, PET has low resistance to heat and 
mechanical stress, making it prone to degradation 
from repeated use, sunlight exposure, or mechanical 
friction (Massahi et al., 2025). Unlike high-density 

polyethylene (HDPE) or polycarbonate (PC), PET 
more readily releases microplastic particles when 
subjected to repeated washing or abrasive contact. 
This characteristic raises concerns about the long-
term safety of using PET gallons in refillable drink-
ing water systems, particularly in tropical climates 
with high ambient temperatures.

Accordingly, this study investigates the pres-
ence and concentration of microplastics in refill-
able gallon drinking water sourced from local 
depots with varying washing frequencies. Unlike 
previous studies that primarily rely on passive 
sampling from bottled or tap water, this research 
adopts a controlled quasi-experimental design to 
replicate real-world washing scenarios. By iden-
tifying contributing factors – particularly those 
related to repeated mechanical abrasion and the 
material limitations of PET – it provides new 
evidence for a potentially overlooked contamina-
tion pathway. The findings may inform regula-
tory standards for refillable container hygiene and 
support a shift toward more durable and less de-
gradable materials for public water consumption.

METHOD

Study design

This study employed a quasi-experimental, 
analytical observational design. This design was 
selected to facilitate comparative analysis be-
tween treatment groups without full randomiza-
tion, focusing on controlled washing variations 
and their effects on microplastic presence. The 
study aimed to describe microplastic presence 
and examine trends associated with different 
washing frequencies.

Study subjects and sampling

The study was conducted in Makassar City. 
This study focused on water samples collected 
from refillable gallon containers at a local drink-
ing water depot, where the containers underwent 
controlled washing treatments. These containers 
were made of PET, a polymer widely used for 
refillable drinking water containers in Indone-
sia. Each container was subjected to one of three 
washing protocols:
	• Single wash (1×),
	• Moderate wash (50×),
	• Frequent wash (100×).
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Each treatment was replicated three times to 
ensure the reliability of the data. A unique cod-
ing system was applied to label each test unit and 
minimize bias during the experimental process. 
The experimental approach followed standard 
protocols for evaluating water container sanita-
tion and microplastic analysis (Li and Wu, 2019; 
Storey et al., 2011).

Data collection and processing

Primary data were obtained from laboratory 
testing to identify and quantify microplastic par-
ticles in each sample. Microplastic particles were 
identified and quantified using membrane filtra-
tion followed by visual microscopic observation. 
Secondary data, including literature and referenc-
es related to microplastic contamination in drink-
ing water, were also used to support the analysis.

All data underwent an initial cleaning pro-
cess, including editing, entry, and validation, 
to ensure consistency and accuracy. The results 
were presented using both one-way and two-
way tabulations to facilitate the descriptive in-
terpretation of findings.

For statistical comparison of microplastic abun-
dance across washing frequencies, nine observa-
tions (N = 9) were analyzed, corresponding to three 
replicates per treatment group. Normality (Shap-
iro–Wilk test) and homogeneity of variances (Lev-
ene’s test) were confirmed (p > 0.05), justifying the 
use of one-way ANOVA for group comparisons

RESULT

Microplastics abundance

Table 1 shows the abundance of microplas-
tics identified in drinking water samples from 
gallon washing treatments conducted at a depot 
in Makassar City. The average abundance of mi-
croplastics was highest in the 50× washing group 
(8.33 particles/L), followed by the 1× group (5.33 

particles/L), and lowest in the 100× group (5.00 
particles/L). These results suggest that moderate 
washing frequency (50×) may enhance micro-
plastic release, possibly due to cumulative abra-
sion of the container surface over repeated me-
chanical contact.

Figure 1 presents the variability in microplas-
tic abundance across washing frequency groups 
using a boxplot visualization. While some differ-
ences in particle concentration are visually appar-
ent among treatments, the distributions exhibit 
overlapping ranges. Statistical analysis via one-
way ANOVA revealed no significant differences 
between groups (p = 0.435), indicating that wash-
ing frequency did not have a statistically signifi-
cant effect on microplastic abundance under the 
tested conditions.

Microplastic morphology and characteristics

Table 2 summarizes the characteristics of mi-
croplastic particles – including their shape, color, 
and size – identified in water samples from the 
gallon washing experiment.

The microplastic characteristics observed in 
the drinking water samples. Across all washing 
frequencies, fiber-shaped particles were predomi-
nant, accounting for 91.1% (51 of 56) of total mi-
croplastics, while fragments were relatively rare. 
The most frequently observed colors were trans-
parent and red, particularly in the 1× and 50× 
groups, while black appeared more often in the 
100× group. Particle sizes ranged from 0.064 mm 
to 1.944 mm, with the widest range observed in the 
single-wash samples.

DISCUSSION

Characteristics of identified microplastics

The findings of this study indicate that fiber-
shaped microplastics dominate the drinking wa-
ter samples from refillable gallon containers, 

Table 1. Distribution of the abundance of microplastic drinking water from gallon washing experiments at a depot 
in Makassar City

Washing frequency Replication 1 
(particles/L)

Replication 2 
(particles/L)

Replication 3 
(particles/L)

Total
(particles/L)

Average 
(particles/L)

1× (Single wash) 4 9 3 16 5.33

50× (Moderate wash) 8 12 5 25 8.33

100× (Frequent wash) 8 5 2 15 5.00

Note: There was no significant difference between the three groups based on the results of the ANOVA test (p = 0.435).
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accounting for 91.1% of the total identified par-
ticles. Fragment-shaped particles were found in 
limited quantities – only five out of a total of 56 
microplastics. These findings are consistent with 
various global studies reporting that fibers are the 
most common form of microplastics in drinking 
water, most likely originating from the mechani-
cal degradation of plastic materials such as gal-
lon containers or cleaning tools made of nylon or 
polyester (Ramaremisa et al., 2024; Sabri et al., 
2023; Sarlin et al., 2024).

The most frequently observed microplastic 
colors in this study were transparent and red in the 
1× and 50× washing groups, while black particles 
were more prevalent in the 100× group. Color 
can provide important clues about the source and 
age of plastic particles. Transparent and red fibers 
were suspected to originate from pipes, plastic 
fittings, or detergent residues and cleaning tools 
that had contact with plastic surfaces (Maciel et 
al., 2022; Ramaremisa et al., 2024). Meanwhile, 
the appearance of black particles under intensive 

washing conditions may be associated with con-
tamination from abrasive sponges or worn clean-
ing tools (Su et al., 2024).

The microplastic particles identified in this 
study ranged in size from 0.064 mm to 1.944 mm 
(64 to 1,944 micrometers), classifying them as 
medium to large in size. This finding is consistent 
with previous studies reporting that microplastic 
sizes in refillable drinking water typically fall be-
low 2 mm (Acarer, 2023; Syarif et al., 2021; Wa-
hyuni and Nurika, 2024). 

Although no international standards currently 
regulate the safe size limits of microplastics in 
drinking water, several studies have shown that 
very small particles – particularly those under 5 
micrometers – can penetrate the gastrointestinal 
lining and enter the circulatory system (Damaj et 
al., 2024; Garcia et al., 2023). Moreover, particles 
smaller than 150 micrometers have been reported 
to cross the intestinal mucosal barrier, potentially 
leading to systemic toxicity. While larger particles 
(> 150 µm) are generally not absorbed, they may 

Figure 1. Boxplot of microplastic abundance in refilled drinking water by gallon washing frequency

Table 2. Distribution of microplastic shape, color, and size in drinking water from gallon washing experiments at 
a depot in Makassar City

Washing 
frequency

Shape
Total particles Dominant colour (s) Size range (mm)

Fiber (n) Fragment (n)

1× 16 0 16 Transparent, Red 0.064 – 1.944

50× 22 3 25 Transparent, Red 0.114 – 1.565

100× 13 2 15 Transparent, Black 0.134 – 1.477

Total 51 5 56 – –
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still adhere to intestinal mucosa, triggering local 
inflammation and potentially affecting immune 
function (Amran et al., 2022; Mittal et al., 2023). 
Therefore, the presence of medium-sized micro-
plastic particles (64–1.944 µm) observed in this 
study raises health concerns, particularly under 
long-term exposure through habitual consumption 
of refillable drinking water (Fröhlich, 2024).

The observed composition of microplastic col-
ors and shapes reinforces the hypothesis that the 
primary source of contamination originates from 
surface abrasion of PET gallon containers due to 
repeated washing. The predominance of transpar-
ent fibers suggests they likely originate from the 
outer layer of the PET material. PET, the main 
polymer used in these containers, is known to be 
vulnerable to surface abrasion and microcrack for-
mation under repeated mechanical stress. Under 
wet and frictional conditions – such as those occur-
ring during depot cleaning processes – PET may 
gradually release microplastic fibers as a result of 
progressive degradation (Akyildiz et al., 2024; Liu 
et al., 2023). Although this study did not conduct 
polymer-specific chemical analysis, the observed 
fiber morphology and particle size distribution 
are consistent with early-stage PET degradation 
reported in previous literature. Additionally, the 
presence of red fibers in certain washing groups 
suggests possible contamination from cleaning 
tools, such as brushes or sponges made from nylon 
or polyester (Sarlin et al., 2024). Therefore, both 
the physical condition of the containers and the 
material composition of cleaning tools should be 
considered potential contributors to microplastic 
contamination in refillable drinking water.

Overall, the microplastic characteristics iden-
tified in this study – primarily fibrous in shape, 
transparent or red in color, and smaller than 2 
mm in size – are consistent with global find-
ings while also indicating a distinct contamina-
tion profile associated with refillable PET gallon 
containers. To improve the precision of source 
identification and better evaluate potential health 
risks, future studies should utilize spectroscopic 
or polymer-specific techniques such as FTIR or 
Raman spectroscopy.

Effect of washing frequency 			 
on microplastic abundance

The results of this study show that the high-
est average number of microplastics was found in 
the group subjected to 50 washing cycles, while 

the lowest count was recorded in the 100-wash 
group. Although statistical analysis using ANO-
VA did not reveal significant differences between 
groups (p > 0.05), the visual distribution pattern 
of microplastics indicates a non-linear trend – an 
increase in particle count during intermediate 
washing stages followed by a decline with further 
washing. This finding suggests that the relation-
ship between washing frequency and microplas-
tic release is not straightforward or proportional, 
but rather influenced by the changing physical 
condition of the gallon surface over time (Hu et 
al., 2022; Sun et al., 2022).

The increased number of microplastics ob-
served in the 50-wash group can be attributed to 
the initial abrasion mechanism. At this stage, the 
relatively intact surface of the gallon container is 
more prone to particle release when subjected to 
repeated friction from cleaning tools. Light me-
chanical abrasion on plastic surfaces can result in 
significant microplastic release, particularly when 
the outer layer is still rich in loosely attached par-
ticles (Liu et al., 2023). This indicates that repeat-
ed washing does not necessarily reduce the risk 
of contamination; instead, it may exacerbate it at 
certain frequencies.

Although the number of microplastics 
showed a declining trend in the 100-wash group, 
this condition is likely due to surface wear on the 
gallon containers, where the outer layer prone to 
abrasion has been depleted, resulting in reduced 
particle release. Previous studies have shown that 
after repeated abrasive exposure, the number of 
microplastic particles released from plastic sur-
faces tends to decrease, as the surface becomes 
smoother or undergoes structural degradation 
(Huang et al., 2025). A similar phenomenon was 
observed in polymer plastic containers, where the 
highest microplastic release occurred in the initial 
stages, followed by a decline in subsequent expo-
sure cycles (Hu et al., 2022).

These findings underscore the need to evalu-
ate current gallon-washing practices, particularly 
because moderate washing frequencies were as-
sociated with the highest microplastic release. 
Refillable water depots should reassess the clean-
ing materials and techniques employed to ensure 
they are not excessively abrasive while main-
taining hygiene standards. Optimizing cleaning 
protocols and conducting routine inspections of 
container wear may serve as effective preventive 
strategies to minimize microplastic contamina-
tion in drinking water.
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Study limitations and implications

This study has several limitations that should 
be considered when interpreting the results. First, 
the limited sample size and number of replica-
tions (N = 9) may constrain the statistical power 
and generalizability of the findings. Addition-
ally, all experiments were conducted at a single 
refillable water depot, which may not represent 
the variability in washing methods and opera-
tional conditions across other depots. Factors 
such as water pressure, temperature, and the type 
of cleaning tools used can significantly influence 
abrasion levels and microplastic release.

The microplastic identification method used 
in this study also has limitations. Light micros-
copy can detect particle shape and count, but it 
cannot identify polymer types or assess potential 
toxicity. Moreover, this method has limited sen-
sitivity in detecting very small particles, particu-
larly those under 20 micrometers, which are com-
monly found in bottled water and other environ-
mental matrices (Schymanski et al., 2018).

To improve the reliability of microplastic 
identification, spectroscopic techniques such as 
Fourier-transform infrared (FTIR) and Raman 
spectroscopy are considered the gold standard in 
microplastic research. These methods can accu-
rately identify polymer types and detect extreme-
ly small particles – down to the micron and even 
submicron scale (Käppler et al., 2015; Microspec-
troscopy et al., 2017; Müller et al., 2019). Future 
use of these methods will be essential for validat-
ing findings and deepening our understanding of 
microplastic hazards.

Despite its limitations, this study provides a 
valuable foundation for further research on mi-
croplastic release from refillable gallon contain-
ers. Its findings may also serve as preliminary 
input for the development of stricter regulations 
and technical guidelines for the management and 
cleaning of refillable water containers at depots.

CONCLUSIONS

This study demonstrates that refillable drink-
ing water from repeatedly washed gallon contain-
ers contains microplastics predominantly in fiber 
form, transparent and red in color, and medium 
to large in size (0.064–1.944 mm). The highest 
number of microplastics was observed at the 50-
wash frequency, while the lowest count occurred 

after 100 washes. Although differences between 
groups were not statistically significant, the dis-
tribution pattern revealed a non-linear trend likely 
influenced by the physical condition of the con-
tainer surfaces undergoing abrasion and degrada-
tion with increased washing frequency.

These findings underscore the importance of 
evaluating washing practices for refillable water 
containers, particularly regarding the materials 
and cleaning tools used. Optimizing cleaning pro-
cedures and implementing routine monitoring of 
container wear should be considered preventive 
strategies to minimize microplastic release into 
drinking water. Further research with larger sam-
ple sizes and advanced identification techniques 
such as FTIR or Raman spectroscopy is strongly 
recommended to enhance the validity and depth 
of understanding regarding the sources and risks 
of microplastics in refillable drinking water.
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