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Abstract. Microplastic debris (<5 mm) is a prolific pollutant present in freshwater, marine and terrestrial habitats 
worldwide. Persistent pollutants of growing concern are emerging microplastics. Their presence in tap water, however, 
remains largely unexplored. This research concentrated on assessing the abundance of microplastics in tap water with their 
physical characteristics of colour and type. Tap water samples from one district in Terengganu were filtered through 
cellulose nitrate membrane filters (Whatman, 0.45 μm, 47 mm Ø). In addition, their physical characteristics were 
determined and categorised by sorting performed under a dissecting microscope. The total number of microplastics 
observed in all samples were 536 particulate microplastics varied in all categories. Eight colours of microplastics were 
recorded and two types of microplastics were categorised. Therefore, this study offers an insight into the colour and types 
of microplastics present in tap water thus, further research is needed to fully resolve the fate and ecological risks of 
microplastics in water.  

INTRODUCTION 

Plastics are synthetic organic polymers, which are derived from the polymerisation of monomers extracted from 
oil or gas [1, 2, 3]. Plastics have evolved into a lucrative commodity and an essential element of daily life with 
worldwide plastic manufacturing increasing from 1.5 million tonnes in the 1950s to 322 million tonnes in 2015. When 
introduced into the marine environment, most plastics are materials that endure for many years possibly hundreds [3]. 
Plastics in the environment can break down over time into smaller pieces of microscopic plastic particles known as 
microplastics when they are less than 5 mm in size. The presence of these polymers has been discovered in the 
environment. Regarding aquatic environments, much effort has been put into investigating microplastic pollution in 
seas, oceans, rivers and lakes globally [4, 5], even in remote areas [6, 7]. These microscopic microplastics can be 
swallowed by a variety of species, posing a threat to them. Microplastics can also provide a long-term stable habitat 
for a number of diseases and dangerous bacteria [8, 9]. Wright et al. (2013) have recently revealed that microplastics 
themselves can cause internal blockage or abrasions of animal gastrointestinal systems [9]. The transfer and 
(bio)accumulation of POPs adsorbed on microplastics in species may be possible [9, 10]. Some intermittent study has 
also examined microplastic interactions with human cells [5, 11, 12]. 

Microplastics abundance in Malaysia have been recorded in marine waters [13], biota (bivalve, fish, zooplankton) 
[14, 15, 16, 17] and even river sediments [18] but no scientific documents have been reported on the abundance of 
microplastics in tap water in Malaysia. In this study, the abundances and physical characteristics specificity of 
microplastics in tap water samples from one district in Terengganu, Malaysia were being investigated. The focal points 
of this study are to determine and characterise microplastics by colour and type using dissecting microscope. 
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MATERIALS AND METHODS 

Sampling 

Tap water samples were collected from three sampling points of conventional water tap system in one of the district 
in Terengganu. Each sampling points were marked as Tap water 1 (T1), Tap water 2 (T2) and Tap water 3 (T3). The 
water tap was opened and being allowed to run for a minute before each sample was collected. Then, the water filled 
in 1L of laboratory glass bottles to the overflowing point. Each of the glass bottles were cleaned carefully with 
deionised water to prevent cross-contamination The samples of tap water were collected with three replications from 
each points. In order to prevent the airborne contamination of microplastics, the glass bottles were sealed with 
aluminium foil before closing with their lids. Then, the samples being kept in the laboratory and stored at 4ºC in a 
chiller before being analysed the presence of microplastics in each samples. 

Sample Analysis 

The tap water samples with volume of 1L each were filtered with cellulose nitrate membrane filters (Whatman, 
0.45 μm, 47 mm Ø). Then, each of the membrane filter paper was transferred to a clean glass dish. The membrane 
filter papers were dried in desiccator for 24 hours before future analysing under microscope. After 24 hours of drying 
at ambient temperature, the membrane filter papers were observed under a dissecting microscope to determine and 
categorise the abundance of colour and type of microplastics in the tap water samples. The revolving turret was turned 
to the 100x magnification. The image was looked through the eyepiece. The condenser was adjusted until the image 
of filter paper was observed under dissecting microscope. 

Prevention of Contamination 

In this research area, control and reduction of potentially airborne cross-contamination are essential. During 
storage, processing and analysis, the samples should be handled in an air-closed cleanroom. Both filter kits and 
laboratory surfaces used for sample processing should be thoroughly washed with deionized water or distilled water. 
Then, all materials need to be stored under clean air facilities and covered with aluminium foils. One blank was 
analysed to prevent contamination in water samples during sample preparation and filtration. The blank sample was 
filled with 1L of ultrapure water in a glass container. To examine the interference of airborne particles, samples of 
blank were prepared and observed. In addition, the color of the fabric worn under the lab coat must be registered to 
prevent fiber contamination from the lab coat. 

RESULTS AND DISCUSSION 

Abundance of Microplastic Pollutants in Tap Water 

The abundance of microplastics were found in the tap water samples after being analysed with dissecting 
microscope. The recorded number of microplastics varied among the tap water samples. In this analysis, the abundance 
of microplastics in tap water samples ranged 0 to 200 particles. The presence of particles size ranged from 

. Much studies shown the abundance of microplastics in freshwater and marine environments, few studies 
have reported microplastics pollution in tap water [19, 20, 21, 22]. Based on the previous study, 0 to 57 plastic particles 
were found in the samples that collected from treated water at the outflow to the treated water [23, 24]. However, the 
tap water samples from the previous study relied on the plant outlet and the consumer household in the drinking water 
treatment plant delivery system [24]. The findings from each study differ considerably. This is understandable because 
many variables include sample sizes, the methodologies used, the environmental climate, drinking water delivery 
systems pipe materials and current weather patterns [25].  

In this study, the colours and type of microplastics from three different tap water points are being determined and 
characterised. As result, the microplastics present in Tap water 1 (T1) recorded the highest number which are about 
206 plastic particles found. Next, about 167 plastic particles found in Tap water 2 (T2) meanwhile, 163 plastic particles 
found in sample of Tap water 3 (T3). Hence, the results in Figure 1 shown the microplastic abundance in the tap water 
samples.  
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FIGURE 1. Microplastic abundance in the tap water samples 

The results indicate that the microplastics present were slightly different in three tap water points. There were eight 
colours of microplastics presented in the tap water samples. Meanwhile, plastic fragments and plastic fibers were 
recorded as the abundance type of microplastics in the tap water samples. Plastic fibres in transparent recorded the 
highest number in T1 and T2. There were 52 plastic fibers presented in T1 while 42 plastic fibers were presented in 
T2. However, T3 recorded that plastic fragments were the most abundance microplastics present there. About 34 
plastic fragments in transparent present in T3. 

Although the sampling points have the same water sources but the amount of microplastics varied among the 
points. In this study, the type of microplastics present were only fragments and fibers. This was differing with a study 
in China by Tong et.al. (2020), they found microplastics in fragments, fibers and sphere in tap water samples [22]. In 
fact, China and Malaysia’s household pipes in tap water distribution systems are mainly from plastic pipes which is 
Polyvinyl chloride (PVC) [24]. PVC is a synthetic resin produced by the vinyl chloride polymerisation process, which 
derives its name from Poly-Vinyl-Chloride. The usage of PVC pipe in globally is higher compare to Polyethylene 
(PE) in plastics consumption. Most PVC plastic is used for the production of plumbing and piping pipes used in 
industrial and municipal applications [26]. Because of the solid, light and low-reactive PVC properties, they are well 
suited for sanitary, underground cabling and water delivery applications [27].  

This may cause microplastic pollution and increase the abundance of microplastics in tap water samples due to the 
higher use of plastic pipes in delivery systems. Faster and more detailed methods for the detection of plastics need to 
be explored in the future. Although the quantity could be overestimated, the presence of microplastics in tap water 
was shown by our findings, which cannot be ignored. However, given the projected daily intake, it was not possible 
to disregard tap water in microplastic sources for humans. Therefore, much attention needs to be given to studying the 
number of changes in microplastics in tap water especially in different seasons. 

Physical Characteristics: Colour 

The results indicated that the microplastics present were variety in colour. Figure 2 shown the abundance of 
coloured microplastics present in the tap water samples. 
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FIGURE 2. Abundance of coloured microplastics in the tap water samples 

Each of the tap water samples was being analysed using dissecting microscope to see the coloured microplastics 
presented. As resulted, microplastics present in tap water samples were varied in colour. T1 recorded that plastic 
particle with purple and red colour was absent while, T2 recorded as green and red plastic particle was absent. Plastic 
particle in brown and yellow colour was not present in T3. Furthermore, the highest number of coloured microplastics 
in all tap water points was transparent plastic particles which recorded about 84 transparent microplastics in T1, 63 
transparent microplastics in T2 and about 66 transparent microplastics in T3. The second higher of coloured 
microplastics present in this study was black which recorded that 70 black microplastics in T1, 24 black microplastics 
in T2 and 55 black microplastics in T3. It was followed by blue colour of microplastics which being the third higher 
number of microplastics presented. There were about 35 microplastics in T1, 22 blue microplastics in T2 and 11 blue 
microplastics in T3. 

Physical Characteristics: Types 

Two types of plastic particles were found in these tap water samples. Fragments and fibers were found in this 
study. Figure 3 shown the comparison on type of microplastics present in the tap water samples according to their 
colour. As resulted, fiber has the higher abundancy in the vicinity compared to fragment. Fibers were the most 
abundant type of microplastics in the tap water samples. This was because most of the coloured particles were found 
as plastic fibers. Meanwhile, fragment particles were absent in green and red coloured particle in this study. Moreover, 
the plastic fiber and plastic fragment in yellow colour recorded as the least number of microplastics present in this 
study. Plastic fiber in yellow colour was about 6 microplastics present but, only 2 plastic fragment in yellow colour 
presented in this study. The higher abundance of plastic fragment and plastic fiber present in the tap water samples 
were in transparent or colourless. About 126 plastic fiber recorded in transparent meanwhile 87 plastic fragment in 
transparent presented in this study.  

This study was slightly different with other studies from [17] and [22] which observed the predominant type of the 
tap water samples from their studies were plastic fragment. Some factors need to be focused to discuss about the 
differences results obtained. One of the most frequently mentioned and inconsistently managed issues is contamination 
with fibres produced from airborne pollution or compounds utilised during the manufacturing process [23, 24]. 
Therefore, the test was carried out on a laminar flow table in order to reduce the background contamination in the 
laboratory with only pure cotton experimental clothing and Nitrile-Butadiene gloves being used during the lab work 
[24]. Decomposition of many plastic items can result in plastic fragments in water. Thus, the removal efficiency of 
different microplastics present in tap water may need further study in order to obtain the better accuracy of the 
abundancy of microplastics present in a sample. 
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FIGURE 3. Comparison on type of microplastics present in the tap water samples according to their colour  

Potential Health Risk of Microplastic Pollutants 

The potential risk associated with microplastics come in three types that are part of biofilms which are physical 
particles, chemicals and microbial pathogens [27]. Particles may have effects on the body depending on a range of 
physicochemical features such as size, surface area and shape. Environmental hydrophobic chemicals, including 
persistent organic pollutants, may sorb the plastic particles as well [28]. Tap water biofilms are formed when 
microorganisms grow on the distribution systems of water and other surfaces [29]. The health risk of microplastics in 
tap water depends on the hazard (the potential for adverse effects) and the risk of exposure (dose). At different doses, 
the effects of the same medicine can vary depending on how much of the substance a person is exposed to, as well as 
the method of administration through which the exposure takes place such as ingestion, inhalation and injection [29].  

All types of plastic contaminants identified are likely to affect human health, especially in the case of long term 
exposure to different substances or chemicals used in the manufacturing process [29]. A previous study by a researcher 
from the China Academy of Science (CAS) study, found that plastics containing organic contaminants can cause 
chronic effects and endocrine disorders [29, 30]. When absorbed into the body, an endocrine disruptor is a synthetic 
substance that either mimics or blocks hormones and disturbs the body's natural activities. Endocrine disruptors are 
referred to as environmental hormones or endocrine disrupting compounds (e-EDCs) since they have similar hormone 
effects, such as oestrogen [30]. In addition, related pollutants can harm and induce geno-toxicity, such as Polycyclic 
Aromatic Hydrocarbons (PAHs), whereas the plastic itself and its additives can have health implications, including 
carcinogenicity and mutagenicity [30]. 

CONCLUSION 

This study's findings revealed the abundance of microplastics in variety of colour and type in samples of tap water. 
Microplastics were found in large quantities in tap water varying for 536 plastic particles. Although the number of 
microplastics in this study shown slightly differ with other studies, but the presence of microplastics in tap water 
should not be overlooked especially in Malaysia. In this study, the abundance of microplastics in tap water samples 
ranged 0 to 200 particles. The pres
or colourless were the most coloured microplastics presented in the tap water. Besides, plastic fibers were dominating 
type of identified microplastics in this study compared to plastic fragments. In conclusion, the contamination of 
microplastics in tap water need more research in future in order to identify the risks towards water distribution systems. 
In order to properly evaluate the risk of microplastics in tap water, a targeted, well-designed and quality-controlled 
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investigative study should be carried out. This can aid in a better understanding of microplastics' presence across the 
water supply chain including their numbers, shapes, sizes, composition and origins. 
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