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Abstract: The growing population with changing consumption patterns in developing countries is causing
significant challenges with regards to solid waste management. Plastic wastes are particularly problematic,
with single-use plastics leaking into the environment, including the marine environment, at an unprecedented
rate. Approximately 80 percent of ocean plastics come from land-based sources or about 8 million tons are
dumped into the ocean every year. Thailand was identified as one of the top 10 countries ranked by mass of
mismanaged plastic wastes, with more than 60,000 tons per year entering the ocean through multiple outlets,
including rivers. In the environment, plastic wastes can be degradated into small sizes (less than 5 mm), called
microplastics (MPs), which could contaminate the ecosystems and the food chain, including foodstuffs and
water supply. Tap water samples collected from a water supply treatment plant and Academic Institutions 1
and 2 in central Thailand were found to contain MPs about 304 +90, 270 +109 and 386 *102 particles/L,
respectively. In addition, MPs concentrations of 211 670 and 122 +60 particles/L were also found in drinking
water samples collected from commercial bottled water and membrane filtration water, respectively. The MPs
sizes of 0-50 um were most abundant in both the tap and drinking water samples whose shapes were mainly
fragments and fiber. These data indicated potential health risks to the people who consume these water sources,
and recommendations for health impacts minimization were proposed.

Keywords: plastic waste management; land-based sources; microplastics; tap and drinking water

1. Introduction

The growing population with changing consumption patterns in developing countries is causing
significant challenges with regards to solid waste management. Each year, the world produces 2.01
billion tons of solid wastes, only 13.5 percent of which is recycled, and more than half is improperly
managed [1]. Among all solid wastes, about 12% or about 241.2 million tons per year are plastic
wastes originated mainly from household uses, food packaging and water bottles [2]. Plastic wastes
are particularly problematic, with single-use plastics leaking into the environment, including the
marine environment, at an unprecedented rate. A high rate of plasitic consumption with a significant
portion of single-use plastics brings many challenges related to land-based plastic pollution to
Thailand. Improper waste management system and infrastructure mainly contribute to these plastic
pollution. About 428 kton/year of mismanaged plastic wastes enter the environment as a result of
inadequate collection of plastic waste and operation of unsanitary disposal facilities [3]. Due to low
collection rate and improper waste disposal, most mismanaged plastic wastes from land-based
sources could be transported to become river-based plastic pollution [3]. These plastic wastes are
litterd in aquatic environment zones (e.g. water body and sediment) [3]. The large plastic wastes can
be degradated and fragmented into small sizes called “ microplastics (MPs)” with sizes smaller than
5mm [4]. The MPs can be distributed and travel along rivers, thus contaminating raw water resources
used for producing water supply|5,6].

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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During the recent years, several studies have reported MPs contamination in river water
resources and tap water in Thailand [7-12]. The study of Chanpiwat & Damrongsiri [9] reported that
about 0.40-2.40 and 0.62-0.68 particles/L MPs were detected in freshwater and tap water samples,
respectively, in two water supply systems in Bangkok in which raw water sources are from the
Chao Phraya River and Maeklong River. Similarly, about 609 particles/L of the MPs were observed
in tap water samples from a conventional water treatment plant [10]. The possible sources of MPs
contamination in the tap water were aniticipated to be from a raw water source and contaminations
within the water treatment processes [10]. The abundance of MPs found in tap water sources can lead
to the present of MPs in consumable water or drinking water produced from the tap water sources.
An average MPs concentration of 56 particles/L. was determined in consumable tap water samples in
a university, central Thailand [11]. Typically, Thai people mostly drink water from both public
drinking fountains at public areas (e.g. academic institutions) and commercial bottled water. In
addition, because sources of production of both public drinking and bottled water are from tap water,
the MPs contamination in drinking water has become an emerging concern in Thailand. Kankanige,
D., & Babel, S. [12] reported that the MPs concentration of 140 +19 particles/L was found in single-
use PET-bottled water. These MPs contamination can pose adverse impacts on human health through
consumption of MPs contaminated water.

Due to less efficiency of MPs removal by conventional water treatment systems, the abundance
of MPs still present in the treated water at consumption points [7-12]. In Thailand, with the
conventional water treatment proesses such as screening, coagulation, flocculation and sand filtration,
the low MPs removal efficiencies of 27-62.4% were achieved [7,8]. However, the MPs removal
efficiencies would be varied according to various operational factors and maintenance [13]. Apart
from raw water source monitoring and control including enhancement of removal efficiency of
pretreatment or at water treatment plant, post-treatment (e.g. filtration systems) might be applied to
minimize human exposure risks at consumption points. With respect to the above issues, this paper
investigated MPs contamination of tap and drinking water in public areas (some academic
institutions) in central Thailand and analyzed potential health risks, including recommendations for
health impact minimization.

2. Materials and Methods

2.1. Sample collection

Tap water samples were collected from the water supply treatment plant where raw water was
from the Chao Phraya River, and two adjacent academic institutions located in the Pathumthani
province, near Bangkok, Thailand (Figure A1l in Appendix). The distance between the water supply
treatment plant and the academic institutions is about 10 kilometres. The tap water samples were
collected from six and two public taps in Academic Institutions 1 and 2, respectively. In addition, in
Academic Institutions 1, drinking water samples were collected from five commercial bottled waters
( each with a volume of 20 L) produced from a nearby water purification plant (Figure A2a in
Appendix). In Academic Institution 2, filtered water from two commercial membrane filtration
systems (Figure A3 in Appendix) were collected for MPs analysis. Composite sampling was
conducted using a cleaned wide-mouth glass bottle (250 mL) covered with aluminium foil and a
stainless steel cap prior to analysis in the laboratory. All sampling points are located in Pathumthani
province, central Thailand and the water samplings were conducted during January - March 2022.

2.2. Pretreatment and analysis

The collected water samples were filtered with a 0.45 um cellulose nitrate (CN) membrane by
using a vacumn pump, then minimally rinsed with ultrapure water to ensure all residues were
transferred. The filtered CN membranes were placed in clean petri dishes and pretreated by using
nile red-fluorescence staining techniques. The nile red stock solotion of 1 mg/mL was prepared in
methanol and applied to cover overall area of each CN membrane to a working concentration of 10
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pg/mL [9,10,14,15]. Each membrane was incubated in oven at 30°C for 30 minutes and dried at room
temperature for 24 hours prior to detection of MPs abundance (number and shape).

2.3. Analysis

Each dried membrane was visually captured under a fluorescence microscope (DeltaVisionTM
Elite cell Imaging System, 4X magnification, DV Elite, GE HEALTHCARE, USA) for determination
of MPs abundance, shape and size. The strained MPs were performed as blue-fluorescence particles
images. All of the observed MPs were visually counted for their abundance (particles per L of sample,
part/L) and determined for their size and shape. The overall dimension of MPs was measured based
on length according to five categories: <50 um, 51-100 um, 101-200 pm, 201-300 pm, >301 pum. In
addition, MPs shapes were sorted to fragments (similar width and length) and fibers (length longer
than width) (Figure A4a and b in Appendix) [11].

2.4. Contamination prevention

To minimiize cross contamination, all sample preparation and analysis steps were conducted in
a clean and separated analytical room. The blank samples of the ultrapure water were proceeded in
a similar step to correct contamination during sample preparation steps. In addition, clean and dried
personal protective equipment such cotton lab coats and latex gloves were applied during the sample
analysis. All equipment and glassware were rinsed in triplicates with ultrapure water before use.

2.5. Questionaire suvey

A questionnaire survey was conducted to observe consumption behaviors of personnel who
consumed tap and drinking water in the 2 Academic Institutions. An online questionnaire was
completed by 143 users which covered 2 main aspects: 1) demographic data such as gender, age, and
occupation or educational qualification and 2) consumption behaviors which involved five main
questions: 1) Do you usually drink from public drinking fountains provided by the Academic
Institutions?, 2) How many cups (size of 100mL each) of drinking water do you consume per day?
(Figure Alb in Appendix), 3) Do you usually drink tap water from public taps in the Academic
Institutions?, 4) Do you usually consume tap water via other routes (e.g. food cooked using tap water
in the Academic Institutions)?, and 5) How many bowls (size of 500mL each) of tap water do you use
in cooking at dormitories per day? The results of the questionnaire survey were used to calculate MPs
intakes and exposure loadings, as well as evaluating the potential health impacts of MPs.

2.6. MPs removal efficiency

The MPs removal efficiency (%) of the commercial membrane filtration systems of the Academic
Institution 2 was calculated by Equation (1). The MPs concentrations (Cwups) in the tap water (influent)
and the drinking water (effluent) after the filtration processes were used in the calculation [11,12].

_ Influent CMPs - Effluent CMPs
MPs removal efficiency (%) = * 100 1)
Influent CMPs

2.7. Estimated daily intake of MPs

The MPs daily intake was determined to evaluate the MPs ingestion loading for humans through
drinking water and food prepared from drinking water. The estimated daily intake of MPs (EDImps)
was calculated using Equation (2) [16,17] according to the data of MPs abundance and daily drinking
water and food consumption. MPs concentrations in drinking water (Cwmrs, particles/L) detected in
the Academic Institutions and the ingestion rate (IR, L/(person-d)) which was the daily consumption
volume of drinking water or volume of water used in food preparation, summarised from the results
of the questionnaire survey were used in calculating EDImps.

EDImrs/(person-d) = (Cwmps * IR) 2)
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3. Results and Discussion

3.1. MPs abundance, shapes and size distribution

Table 1 illustrates the MPs abundance observed in the tap water samples collectd from the water
supply treatment plant and the Acadenic Instituttions 1 and 2. The average MPs concentrations of
274 £71, 270 109 and 386 +102 particles/L were found in the tap water samples collected from the
water supply treatment plant, the Acadenic Instituttion 1 and 2, respectively. The presence of high
MPs concentrations in the treated water (tap water) at the water supply treatment plant (274 £71
particles/L) was due mainly to the MPs contamination in the river raw water source [9-11,13] and the
inefficiency of the water supply treatment plant to remove MPs. Conventional water supply
treatment plants in central Thailand were found to be less efficient in MPs removal (27-62.4%) from
freshwater source [9,10]. During water supply distribution, these MPs could be partially trapped
along the distribution pipes, resulting in the average MPs concentration of 270 +109 particles/L
remaining in the tap water samples collected from the Acadenic Instituttion 1. Due to the long
operation period (more than 51 years) of the Academic Institution 2, there could be deterioration of
the pipelines which contributed to the higher MPs concentration of 386 £102 particles/L in the tap
water samples. The commercial membrane filtration systems in the Academic Institution 2 were able
to further reduce the MPs in the drinking water to be 122 £60 particles/L (or, according to Equation
(1), about 70% removal efficiency), more effective than the filtered tap water or drinking water of the
Acadenic Instituttion 1 whose MPs concentrations were 211 £70 particles/L (or, according to Equation
(1), about 22% removal efficiency).

Table 1. Average MPs concentrations in tap and drinking water.

Average MPs concentration

Water sample Source (particles/L)
Water supply treatment plant (n=4) 274 £71
Tap water Acadenic Instituttion 1 (n=8) 270 £109
Acadenic Instituttion 2 (n=4) 386 £102
Drinking water Acadenic Instituttion 1* (n=6) 211 +70
Acadenic Instituttion 2**(n=4) 122 +60

* Commercial bottled water. ** Filtered water from commercial membrane filtration systems.

Figure 1 shows the shapes of MPs found in the tap and drinking water sources in which 86-99%
were fragments (with sizes less than 200 um, Figure 2) and the remaining were fiber (sizes larger than
200 pm). These fragments MPs could originated from the raw water sources [9.] and some of them
could result from fragmentation of fiber or larger MPs during water supply treatement processes and
their inefficiency in MPs removal [9,10,18].

Figure 2a shows the MPs size distribution in the tap water samples collected at the water supply
treatement system and the Academic Institutions 1 and 2. The MPs abundance was mainly in the
sizes of 0-50 um in all tap water samples, while larger sizes were present in less abundance. Similarly,
the study by Kankanige and Babel [10,11] reported that the MP sizes ranged from 6.5-53 pm were
found to be predominant in raw water, effluent of a water supply treatment plant and treated
drinking water samples. These data indicated that conventional water treatment plant processes
employing coagulation, flocculation and sand filtration being used at the water supply treatment
plant were not effective in removing MPs containing in the raw water sources [9,18]. Figure 2(b)
shows the drinking water of the Academic Institution 2 had MPs sizes of 0-50um of 38% MPs
abundance, less than those of the drinking water of the Academic Institution 1 of 69% MPs
abundance, suggesting the high efficiency of the two commercial membrane filtration systems system
installed at the Academic Institution 2 in removing MPs from the tap water samples. However, the
remaining MPs in drinking water of Academic Institution 1 could be due to improper maintenance
of the commercial membrane filtration system in which urgent actions to address this issue should
be undertaken. The MPs abundance (0-50 pm) found in drinking water of the Academic Institution 1
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could possibly emanate during filling of the commercial bottled water and releases of MPs from the
plastic bottles [12,16].
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3.2. Consumption behaviors of tap and drinking water

The questionnaire survey was conducted with 143 repondents for observing personel
consumption of tap and drinking water. The demographic data showed that male was major
respondents in this survey (57%), and 43% was female. Most of the respondents were 20-30 years old
(86%) and about 14% of the respondents were 31-40 years old. Figure 2 shows personel consumption
of tap water. In which probably due to main concerns about water quality and safety as well as
asthetic aspects e.g., odor, color, turbidity and taste, at tap points [19], all respondents (100%) had no
behaviors in directly drinking the tap water (Figure 2a). However, most of respondents (98%)
prefered to consume tap water after some pre-treatment processes such as filtration and boilling and
food preparation (Figure 2b) [14]. The volume of tap water used in food preparation was ranged from
1,000-1,500 mL per household per day (averaged 4 members in a household). Accordingly, the
maximum tap water used in household food preparation was estimated to be 0.4 L/(person-d). Figure
3 shows that about 91% of the respondents usually drank from public drinking fountains provided
by the Academic Institutions. The majority of respondents (86%) comsumed about 2-5 cups (or 200-
500 mL) of fountain water per day or consumed drinking water of about 0.5 L/(person-d) was
estimated.
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Figure 3. Daily personel consumption of tap water for (a) drinking and (b) other purposes (e.g. food

preparation).
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Figure 4. Daily personel consumption of drinking water.

3.3. EDlwps and potential health risks

The data of Table 1 and the personnel consumed tap and drinking water in section 3.2 were used
to calculated the EDIwmps of the personnel at the Academic Institutions 1 and 2, according to Equation
(2). From the questionnaire survey results, each personnel consumed drinking water about 0.5
L/(person-d) and the volume of tap water used in food preparation was about 0.4 L/(person-d).
Therefore, the EDIwmes of personnel of the Academic Institutions 1 and 2 were calculated to be 228 and
183 particles/(person-d), respectively. When the MPs are ingested into the the human digestive
systems, they may cause some physical irritation to the gastrointestinal tract [20]. Moreover, the
MPs with the size of less than 2 um were observed in human blood and organs [21] as well as some
of the MPs (50 pm) were reported to be transported from the gastrointestinal tract layer to lymph
nodes in the liver and spleen [22]. These MPs particles could then cause inflammations in
surrounding tissues of the organs, resulting in many subsequent symptoms such as abdominal pain,
bloating, and changes in bowel habits [23]. To void these kinds of health impact from ingesting the
MPs contained tap and drinking water, regular maintenance of the water supply treatment plants,
water distribution pipelines and drinking water production processes are required.
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3.4. Possible solutions and Recommendations

The data reported in sections 3.1 and 3.2 suggest potential health risks from MPs contamination
to the people who consume either tap water or drinking water in Thailand or probably elsewhere.
The sources of MPs contamination obviously originate from improper disposal of plastic wastes into
the environment. These plastic wastes are degraded into small particles (less than 5 mm) and could
be transported to nearby water sources, and becoming contaminants of raw water sources used for
producing water supply. Therefore, actions to minimize MPs pollution should involve all
stakeholders to avoid environmental pollution. In addition, proper maintenance of the water supply
treatment plants and water distribution pipelines need to be regularly undertaken to enhance MPs
removal and avoiding MPs leaching, respectively. Some advanced water treatment processes for MPs
removal are also recommended for conventional water supply treatment plants.

4. Conclusions
Based on the results of this study, the following conclusions are made.

1) The average MPs concentrations of tap water of the water supply treatment plant and the
Academic Institutions 1 and 2 were found to be 304 £90, 270 +109 and 386 +102 particles/L,
respectively.

2) The drinking water samples from commercial bottled water and filtered water from commercial
membrane filtration systems were found to be 211 +70 and 122 +60 particles/L, respectively.

3) The MPs sizes of 0-50um were most abundant in both the tap and drinking water samples,
whose shapes were mainly fragments and fiber.

4)  The questionnaire survey revealed the each person consumed about 0.5 L/(person-d) of drinking
water and about 0.4 L/(person-d) of tap water used for food preparation.

5)  The EDImrs of the personnel of the Academic Institutions 1 and 2 were calculated to be 228 and
183 particles/(person-d), respectively, suggesting possible health risks from MPs ingestion
through consuming both tap and drinking water.

6) Actions to minimize health risks include: reduction in plastics uses, proper management of
plastic wastes and regular maintenance of water supply treatment plants and water distribution
pipelines, additional suitable post-treatment processes for removing MPs in tap water from
conventional water supply treatment plants.
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Appendix A

Table A1l. Questionnaire survey.

Consumption of tap and drinking water in the Academic Institutions

This questionnaire survey is conducted to observe consumption of tap and drinking water in the

Academic Institutions

Aspects:
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1) Demographic data
Consumption of tap and drinking water in the ~
Academic Institutions

This i ire survey is to observe ion of tap and drinking water in the Academic
Institutions

Bwa

Buiafigndas

wwuMafuiisrnunuwa Wisiminean

Gender *

Male

Female

Prefer not to say
Age ”
<20 years old
20-30 years old
31-40 years old
41-50 years old
51-60 years old

>60 years old

Occupation/ Educational Qualification

Undergraduate student
Master student
Doctoral student
Lecturer

Professor

Research staff

Faculty/technician staff

How many people are currently living in your house/dormitory? *
1 person
2 person
3 person
4 person
5 person
6 or more people

Living outside AIT
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2) Consumptlon behav10rs Do you usually drink from public drinking fountains provided by the Academic Institution? *

Yes
NO

Maybe

3 main reasons for drink from public drinking fountains
Cost-saving
Accessibility and convenience
Safety and quality
Availability of filtration system
Trust in the water supply infrastructure
Environmental consideration (e.g. help reduce plastic bottles)

Other (specify)

How many cups of drinking water (from public drinking fountains) do you consume a day ?

>8

3 main reasons you may not frequently drink from public drinking fountains

Personal hygiene and cleanliness concerns

Perception of water quality (e.g. contamination)

Availability of alternative options (e.g. commercial bottle water)
Do not trust in the water supply infrastructure

Concerns about operation and maintenance at use points

Other (specify)

Do you usually drink tap water from public taps in the Academic Institutions?

Yes
No

Maybe
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3 main reasons for drink from tap water from public taps in the Academic Institutions?
Cost-saving
Accessibility and convenience
Safety and quality
Availability of filtration system
Trust in the water supply infrastructure
Environmental consideration (e.g. help reduce plastic bottles)

Other (specify)

3 main reasons for drink from tap water from public taps in the Academic Institutions?
Cost-saving
Accessibility and convenience
Safety and quality
Availability of filtration system
Trust in the water supply infrastructure
Environmental consideration (e.g. help reduce plastic bottles)

Other (specify)

3 main reasons you may not frequently drink from tap water from public taps in the Academic
Institutions?

Personal hygiene and cleanliness concerns

Perception of water quality (e.g. contamination)

Availability of alternative options (e.g. commercial bottle water)
Do not trust in the water supply infrastructure

Concerns about operation and maintenance at use points

Other (specify)

*

Do you usually consume tap water via another route (e.g. food cooked using tap water in the
Academic Institution)?

Yes
No

Maybe
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How many bowl/container of tap water do you use a day (estimated 500mL per bowl)?

1

>5

Do you know about microplastics pollution in tap and drinking water sources?

Yes
No

Maybe

d

X

Raw water

/ (Chao Phraya River )

Water supply treatment plant

(( \ﬁ Ailtexed water

Commercial

bottled water
.

€

Commercial membrane

Water purification pla?nr =~ filtration systems

Sampling points:

O Tap water

water

' Drinking water Academic Institution 1

Figure Al. Sampling points of tap and drinking water.
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Figure A2. Public drinking fountain (a) employing commercial bottled waters and (b) consumption
of drinking water using 100mL-cup.

Figure A3. Commercial membrane filtration system.

100 pm

Figure A4. Shapes of MPs (a) fragments and (b) fiber.
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