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Abstract

Background: Microplastics (MPs) exposure can affect humans in various ways, with tap water being one of the potential
sources. Microplastics can absorb other pollutants and pose risks to both humans and the environment.

Objectives: The aim of this study was to investigate the presence of MPs in tap water from the drinking water distribution
system of Isfahan, Iran, and to determine the exposure to MPs from drinking tap water.

Methods: Samples were collected from different points in the drinking water distribution system of Isfahan, Iran. Samples
were prepared for analysis through filtration and chemical digestion. The MPs were counted using a scanning electron
microscope (SEM), and the composition of MPs was analyzed using a micro-Raman spectrometer.

Results: The concentration of MPs in tap water was found to be 287.0 + 65.9 MPs|l. MPs < 10 pm were the predominant sizes,
and fibers were the predominant shape. Polyethylene terephthalate, polyethylene, and polypropylene were the most frequently
identified MPs, respectively.

Conclusions: Considering that the Iranian population consumes 7 - 15 liters of water daily for drinking and cooking, it is
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-

estimated that the average intake of MPs through cooking and drinking water is 2009 - 43,051 particles per day.

J

1. Background

Due to the durability and versatility of plastics, they
are widely used for various purposes, making our lives
easier by providing convenient and economical options
(1). In 2018, approximately 368 million tons of plastic
were produced worldwide, and it is estimated that
global plastic production will increase to 1.1 billion tons
by 2050 (2, 3). Despite the benefits of plastics, there are
also drawbacks, as microplastics (MPs) are released into
the environment, raising concerns about their use.
Microplastics are synthetic plastic particles between 1
and 5000 pm in size (4). They have been detected
everywhere in the environment, including in animals
and the human body (5). Studies estimate that about 51
trillion MPs are present in the ocean, which is
approximately 500 times more than the number of stars

in the galaxy (6). There is substantial evidence that MPs
are harmful to aquatic organisms and humans (7). They
can absorb and transmit microbial and chemical
contaminants, posing risks to consumers (3, 8).
Microplastics can be easily ingested by terrestrial and
aquatic animals as well as humans, passing through the
gastrointestinal tract and raising concerns about their
potential toxicity (1, 9). Microplastics can cause blockage
and perforation of the digestive tract, malnutrition, and
even death (10). The toxicity of MPs depends on several
factors, including size, polymer type, morphology,
chemical additives, volume, and density (11). Size is
particularly important in determining the toxicity of
MPs (12) exposed the copepod Paracyclopina nana to
MPs of different sizes and found that only smaller
particles had negative effects. Microplastics smaller
than 150 um can enter the intestine, and those smaller
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than 50 pm can even reach the spleen and liver (1). Zhu
et al. analyzed human placentas for MPs and found 2.70
+ 2.65 MPs per gram of placenta (13). Dalmau-Soler et al.
investigated the presence of MPs in a water supply
network and detected MPs in 38 samples, with a
concentration of 0.01 MP/L (14).

Drinking healthy water is essential for human health
as it helps maintain a balance of calories and nutrients
in the diet, ensures adequate hydration, and supports
bodily functions. Researchers have studied both tap and
bottled water worldwide to examine MPs
contamination (15). A key question in studies on MPs is
the extent of their presence in the environment and the
level of human exposure. Although numerous studies
provide evidence of human exposure to MPs, the extent,
variability, and lifetime accumulation of this exposure
are not well understood. Exposure to MPs can occur
through various pathways, including food, water,
beverages, and air (9, 16).

2. Objectives

The aim of this study was to investigate the presence
of MPs in tap water from a drinking water distribution
system in Iran and to determine the exposure to MPs
from consuming tap water.

3. Methods

The steps for MP measurement, including sampling,
filtration, digestion, and qualitative and quantitative
analyses, are described below.

3.1.Sampling

In this study, the concentration of MPs in a drinking
water distribution system in Isfahan, Iran, was
investigated. The water from this distribution system is
supplied by the Baba Sheikh Ali Drinking Water
Treatment Plant, which treats water from a reservoir
behind the Cham Aseman Dam. This treatment plant is
the largest drinking water facility in Iran, supplying
water to 57 towns and more than 300 villages. It is
located about 8 km downstream of the Cham Aseman
Dam and 55 km from the Shahrekord-Isfahan road. The
water transmission pipes are made of concrete and
generally have a diameter of 1400 mm (17, 18).

Sampling of this distribution system was conducted
using grab sampling, randomly selecting 12 locations in
October, January, and February 2020, in the city of

Isfahan. Before each sample was taken, the tap water was
allowed to run for 10 minutes, and then two liters of
water were collected and brought to the laboratory in
amber glass containers (19). The locations of the
sampling points are shown in Figure 1.

3.2. Filtration and Digestion

It is important to note that there is currently no
standardized method for measuring MPs (20). Filtration
and digestion were performed using the WPO method
according to the studies by Wang et al. and Mintenig et
al. (21, 22). Samples were filtered using cellulose nitrate
filters (Sartorius, 47 mm, 0.45 um), and the filters were
rinsed with distilled water into clean beakers.
Subsequently, 30 ml of 35% H20; (Dr. Mojallali, Iran) was
added to each beaker. The beakers were then placed in a
40°C oven for 24 hours. For quantitative analyses, one
set of samples was filtered with PTFE-L filters (FILTERBIO,
47 mm, 0.45 pm), and for qualitative analyses, another
set of samples was filtered using fiberglass filters
(Whatman, 125 mm, 0.6 pm) (23-26). The filters were
then dried at 25°C.

3.3. Qualitative and Quantitative Analyses

Qualitative analyses were conducted using a UniRAM
Raman spectrometer (South Korea), equipped with a
laser having an excitation wavelength of 785 nm and a
power output of 200 mW (27, 28). Two filter samples
were fixed on a gold-coated glass holder, and two
spectra were recorded. Baseline correction of the
spectra was performed using Origin Pro software (2019
version), and the polymer types were identified by
comparing the spectra with reference spectra (4).

For quantitative analyses, four pieces of each PTFE-L
filter (approximately 8 x 5 mm) were analyzed. A layer of
conductive gold was sputtered onto the filters, and then
the MPs on the filters were counted and photographed
using a scanning electron microscope (SEM)
(Netherlands, Philips XL30) (29). The MPs were classified
based on their shape (fragments, fibers, oval, and
spherical) and size distribution (<10 ym, 10 - 50 pm, 50 -
100 pm, and > 100 pm). Precise measurements of the
size of each PTFE-L filter were obtained using SEM.
Subsequently, the abundance of MPs in each PTFE-L filter
was determined by comparing the area of each filter
piece with the area of the entire filter.

3.4.QA/QC
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Figure 1. Location of the sampling points

The concentration of MPs was adjusted based on
blank sample corrections and qualitative analyses. All
analytical and sampling equipment used were made of
glass. Additionally, all equipment was washed with acid,
covered with aluminum foil, and rinsed three times
with distilled water. All tests were conducted under a
laminar flow hood, with windows and doors kept closed
to minimize air movement in the laboratory (4, 8).

3.5. Statistical Analyses

Statistical analyses were conducted using SPSS
software (version 26), with statistical significance set at
a P-value < 0.05. Quantitative variables with a normal
distribution were presented as mean and standard
deviation, while those with a non-normal distribution
were reported as median and interquartile range. The
descriptive report for qualitative variables was
expressed in numbers and percentages. The average
daily intake of MPs was calculated by multiplying the
concentration of MPs in drinking water by the per
capita consumption of drinking water.

4. Results

In this study, 48 spectra were recorded using micro-
Raman and compared with reference spectra to identify
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polymer types. A total of 14.5% of the particles identified
as non-polymers were excluded from the MPs
concentrates. Polyethylene terephthalate, polyethylene,
and polypropylene were the most frequently identified
polymers. The percentage distribution of polymers
identified by micro-Raman is shown in Figure 2, and the
micro-Raman spectra of the samples are shown in
Figure 3.

The concentration of MPs in this study was 287.0
65.9 MPs|L. Microplastics smaller than 10 pm were the
most dominant, accounting for 71.7%. Following this, 10 -
50um MPs made up approximately 19.4%, 50 - 100 pm
MPs about 7.2%, and MPs larger than 100 yum around 1.7%.
The shape and size distribution of MPs are illustrated in
Figure 4, and the SEM image is presented in Figure 5. The
predominant shape of MPs in this study was fiber,
constituting about 59.8%. Other shapes identified were
fragments (approximately 21.3%), spheres (around
10.8%), and ovals (about 8.0%).

The average daily water intake in Iran through
drinking and cooking is 7 - 15 liters (Table 1). Given that
the mean concentration of MPs in tap water was 287.0 +
65.9 MPs/L (Table 2), and considering that Iranians
consume 7 - 15 liters of water per day; it is estimated that
they are exposed to 2,009 - 43,051 MPs per day (Table 3).
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Figure 2. Percentage distribution of polymers identified by micro-Raman
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Figure 3. Micro-Raman spectrum of Identified polymer

Overall, it is estimated that people could be exposed to

approximately 730,000 - 15,700,000 MPs annually from
drinking water alone.

5. Discussion

As mentioned above, 14.5% of the particles identified
as non-plastics were excluded from the MP

concentration. In other studies related to drinking
water, around 20 types of MPs were identified (30), of
which 5 types were identified in the present study. PET,
PE, PP, PVC, and nylon 6 were the most frequently
identified polymers. The types of MPs identified in this
study align with the findings of Wang et al. and Sarkar et
al. (21, 31), likely due to the high production and
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Figure 4. Shapes (A) and distribution of microplastics (MP) identified in tap water (B)

Figure 5. Scanning electron microscopy image of microplastics (MP) in tap water

Table 1. Daily Water Consumption in Iran (Based on Iranian Ministry of Energy, Water Resources Management Company Information, 100% of the People in this City Use tap
Water)

Consumption Route

Min - Max Unit

Drinking 2-5 L/day

Cooking 5-10 L/day

Sum 7-15 L/day
persistence of these polymers (32). The most produced The dominant shapes of MPs in this study were fiber,
plastics globally are PE, PP, and PVC, followed by PET, fragment, sphere, and oval, respectively. This strongly
PUR, and PS (33). corresponds with the study by Shen et al. (34), in which

fragments and fibers constituted the majority (> 70%). In

Health Scope. 2024;13(4): e148134
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Table 2. The Concentration of Microplastics in an Urban Water Supply Network from Iran

Samples Total Unit
1 297.6 MPs/L
2 296.1 MPs|L
3 246.6 MPs|/L
4 320.4 MPs/L
5 4053 MPs/L
6 139.9 MPs/L
7 216.8 MPs|L
8 327.6 MPs/L
9 294.6 MPs|L
10 3463 MPs|L
un 316.0 MPs/L
12 2371 MPs/L
Mean +SD 287.0 £ 65.9 MPs/L
Abbreviation: MPs, microplastics.
Table 3. Daily Exposure to Microplastics Through Drinking and Cooking Water
Exposure Rate Unit
Exposure Route
Min- Max MPs/day
Drinking 574.02-1435.05 MPs/day
Cooking 1435.05 - 2870.1 MPs/day
Sum 2009.07-43051.5 MPs/day

Abbreviation: MPs, microplastics.

this study, MPs < 10 um were the most prevalent (71.7%),
which aligns with the results of Pivokonsky et al. (35).
Spheres and oval particles are likely primary MPs
produced for specific products and applications,
whereas fibers and fragments are secondary MPs
produced by the breakdown of larger plastics (36).

As noted in the results section, the MPs concentration
in this study was 287.0 £ 65.9 MPs/L. The concentrations
of MPs in other drinking water studies are shown in
Table 4. As evident from the table, MPs concentrations in

drinking water varied from 7 x 10 # MPs/L in the study by
Mintenig et al. (22) to 6292 + 10521 MPs|L in the study by
Ossmann et al. (37). The MPs concentration in the urban
water supply network in this study was much higher
than that found in bottled water from Iran. Makhdoumi
et al. reported that the average number of MPs in
Iranian bottled mineral water was around 8.5 + 10.2
particles/L (25). This contrasts with the findings of
Gambino et al. (38), where the MPs concentration in
mineral water was higher than in tap water, which they
attributed to the removal of MPs in drinking water

treatment plants. They recommended drinking tap
water instead of mineral water, which, based on this
study, may not be the best advice.

It is important to note that the average daily water
intake can be accounted for differently across studies,
leading to varying results. For example, in the study by
Yadav et al., the average daily drinking water intake was
assumed to be 3 liters (5). As previously mentioned, it is
estimated that people are exposed to 2009 - 43051 MPs
per day. In the study by Yadav et al., the average daily
exposure was estimated at 382 + 205 MPs from drinking
water (5). Cox et al. (16) estimated the annual exposure
to MPs to be 74,000 - 121,000 MPs per person, but our
findings suggest that this number could be significantly
higher. Based on our results, we estimate that

individuals are exposed to approximately 7 x 10° - 16 x

10° MPs annually through drinking water alone. Air,
food, and beverages are additional direct routes
through which people may be exposed to MPs and
should be examined to assess the overall exposure level.

Health Scope. 2024;13(4): 148134
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Table 4. The Concentration of Microplastics in Drinking Water Studies and the Methods of Measurement

Method

References Water Concentration Study
Density . . The Filter Pore . Origin (MPs/L) Location
Separation Digestion Detection Size (um) Counting

Schymanski et al. - Optical Bottled

(2018)(39) Micro-Raman 0.22 microscope water 11+£8-118+88 Germany

Osmann et al. (2018) ) SDS & . Optical Bottled 2649 +2857-6292

(37) EDTA Y e 04 microscope water 10521 Cemmeny

44310
Pivokonsky et al. Micro-FTIR & micro- Surface 4 Czech
(2018) ( 40) Raman 02 SEM water EERD Republic
628 £28
Mintenig et al. (2019) B FPA-based FTIR- i Ground "
(22) imaging 0.2 Stereo microscope T 7x10 Germany
. Surface .

Zhangetal.(2019)(19) NaCl ATR-FTIR 0.45 Stereo microscope oo 0.3-1.6 China

Wang et al. (2019) ( 21) WPO Micro-Raman 02 SEM f;;f:rce 93071 China

Shruti et al. (2020) 7nCl Micro-Raman & Fluorescent Surface £2.014 :

(41) 2 Wpo SEM-EDX 022 microscope water SE2-91414 Mexico

Pivokonsky et al. Micro-Ram o SEM Surface 1411 Czech

(2020)(35) icro-Raman - water 15144 Republic

Tong et al. (2020) ( 42) WPO Micro-Raman 0.2 Fluorescent Non-data  440+275 China

microscope

Makhdoumi et al. Micro-FTIR & micro- . Bottled

(2020)(25) Raman 11 Stereo microscope water 8.5%+10.2 Iran

sarkar etal. (2021)(31) ZnCl WPO ATRFTIR 25 it StafIg 275 India

. 2 microscope water .
Present study WPO Micro-Raman 0.45 SEM 287.0+65.9 Iran

@ Values are expressed as mean + SD.

One of the limitations of MP studies is the lack of a
standardized method for measuring MPs. The results
regarding MP concentration and exposure are of limited
reliability due to the different analytical methods used
across studies, making them difficult to compare (36).

5.1. Conclusions

This research investigated the presence of MPs in the
urban water supply network of one of the central cities
in Iran, focusing on the exposure of MPs through
drinking water. The concentration of MPs in the
drinking water was found to be 287.0 + 65.9 MPs|L.
Polyethylene  terephthalate,  polyethylene, and
polypropylene were the predominant polymers
identified. Fibers were the most common shape, and
MPs with a size < 10 pm were the most frequently
detected. Considering that the Iranian population
consumes 7 - 15 liters of water daily for drinking and
cooking, it is estimated that the average daily intake of
MPs through drinking water ranges from 2009 to 43,051
particles, exposing individuals to approximately

Health Scope. 2024;13(4): e148134

730,000 to 15,700,000 MPs annually through drinking
water alone.

Acknowledgements

The authors thank the Environmental Research
Center, Research Institute for primordial prevention of
Non-communicable Diseases, Isfahan University of
Medical Sciences for financial support of this research
project.

Footnotes

Authors' Contribution: H. Sh.: Data curation, formal
analyses, methodology, writing-original draft, review &
editing; H. M. A.: Supervision, conceptualization, data
curation, formal analyses, methodology, writing-
original draft, review & editing; E. M.: Data curation,
formal analyses, writing-original draft, review & editing.

Conflict of Interests Statement: The authors declare
that they have no competing interests.


https://brieflands.com/articles/healthscope-148134

SharifiHet al.

Brieflands

Data Availability: The data presented in this study are
uploaded during submission as a supplementary file
and are openly available for readers upon request.

Funding/Support: The authors thank the
Environmental Research Center, Research Institute for
primordial prevention of Non-communicable Diseases,
Isfahan University of Medical Sciences for financial
support of this research project (Grant no.=299057).

References

1. Nirmala K, Rangasamy G, Ramya M, Shankar VU, Rajesh G. A critical
review on recent research progress on microplastic pollutants in
drinking water. Environ Res. 2023;222:115312. [PubMed ID: 36709031].
https://doi.org[10.1016/j.envres.2023.115312.

2. Zhangy, Gao T, Kang S, Shi H, Mai L, Allen D, et al. Current status and
future perspectives of microplastic pollution in typical cryospheric
regions. Earth Sci Rev. 2022;226.
https://doi.org/10.1016/j.earscirev.2022.103924.

3. Walker TR, Fequet L. Current trends of unsustainable plastic
production and micro(nano)plastic pollution. TrAC Trend Analytic
Chem. 2023;160. https:|/doi.org[10.1016/j.trac.2023.116984.

4. Crawford CB, Quinn B. Microplastic Pollutants. Amsterdam: Elsevier
Limited; 2016.

5. Yadav H, Sethulekshmi S, Shriwastav A. Estimation of microplastic
exposure via the composite sampling of drinking water, respirable
air, and cooked food from Mumbai, India. Environ Res. 2022;214(Pt
1):113735. [PubMed ID: 35753373].
https://doi.org/10.1016j.envres.2022.113735.

6. Usman S, Abdull Razis AF, Shaari K, Azmai MNA, Saad MZ, Mat Isa N, et
al. The Burden of Microplastics Pollution and Contending Policies
and Regulations. Int | Environ Res Public Health. 2022;19(11). [PubMed
ID: 35682361]. [PubMed Central ID: PMC9180440].
https://doi.org/10.3390/ijerph19116773.

7. LiH,ZhuL,Ma M, Wu H, An L, Yang Z. Occurrence of microplastics in
commercially sold bottled water. Sci Total Environ. 2023;867:161553.
[PubMed ID: 36640894].
https://doi.org/10.1016/j.scitotenv.2023.161553.

8. Marsden P, Koelmans B, Bourdon-Lacombe ], Gouin T, D'Anglada L, et
al. Microplastics in drinking-water. 124. USA: World Health
Organization; 2019.

9. Mohamed Nor NH, Kooi M, Diepens NJ, Koelmans AA. Lifetime
Accumulation of Microplastic in Children and Adults. Environ Sci
Technol. 2021;55(8):5084-96. [PubMed ID: 33724830]. [PubMed Central
ID: PMC8154366]. https://doi.org/10.1021/acs.est.0c07384.

10. Yusuf A, Sodiq A, Giwa A, Eke ], Pikuda O, Eniola JO, et al. Updated
review on microplastics in water, their occurrence, detection,
measurement, environmental pollution, and the need for regulatory
standards. Environ Pollut. 2022;292(Pt B):118421. [PubMed ID:
34756874]. https:|/doi.org/10.1016/j.envpol.2021.118421.

1. Thornton Hampton LM, Brander SM, Coffin S, Cole M, Hermabessiere
L, Koelmans AA, et al. Characterizing microplastic hazards: which
concentration metrics and particle characteristics are most
informative for understanding toxicity in aquatic organisms?
Microplastic Nanoplastic. 2022;2(1). https:|/doi.org/10.1186/s43591-022-
00040-4.

12.

13.

14.

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

Jeong CB, Kang HM, Lee MC, Kim DH, Han |, Hwang DS, et al. Adverse
effects of microplastics and oxidative stress-induced MAPK/Nrf2
pathway-mediated defense mechanisms in the marine copepod
Paracyclopina nana. Sci Rep. 2017;7:41323. [PubMed ID: 28117374].
[PubMed Central ID: PMC5259799]. https://doi.org/10.1038/srep41323.

Zhu L, Zhu ], Zuo R, Xu Q, Qian Y, An L. Identification of microplastics
in human placenta using laser direct infrared spectroscopy. Sci Total
Environ.  2023;856(Pt  1)159060. [PubMed ID: 36174702].
https://doi.org[10.1016/j.scitotenv.2022.159060.

Dalmau-Soler |, Ballesteros-Cano R, Boleda MR, Paraira M, Ferrer N,
Lacorte S. Microplastics from headwaters to tap water: occurrence
and removal in a drinking water treatment plant in Barcelona
Metropolitan area (Catalonia, NE Spain). Environ Sci Pollut Res Int.
2021;28(42):59462-72. [PubMed ID: 33709311).
https://doi.org[10.1007/s11356-021-13220-1.

Mamun AA, Prasetya TAE, Dewi IR, Ahmad M. Microplastics in human
food chains: Food becoming a threat to health safety. Sci Total Environ.
2023;858(Pt 1):159834. [PubMed ID: 36461575].
https:|/doi.org[10.1016/j.scitotenv.2022.159834.

Cox KD, Covernton GA, Davies HL, Dower JF, Juanes F, Dudas SE.
Human Consumption of Microplastics. Environ Sci Technol.
2019;53(12):7068-74. [PubMed ID: 31184127].
https://doi.org[10.1021/acs.est.9b01517.

Atabakhsh P, Kargar M, Doosti A. Molecular surveillance of human
rotaviruses in drinking water and investigation of the efficiency of
their removal in Isfahan water treatment plant. Environ Monit Assess.
2019;191(12):759. [PubMed ID: 31741059].
https://doi.org[10.1007/s10661-019-7834-0.

Bagheri H. Fixing leakage from water transmission lines of
Babasheikh Ali water treatment plant in Isfahan and its effect on
reducing non-revenue water. The third national water and sewage
conference with the approach of reforming the consumption pattern.
2008.

Zhang M, Li ], Ding H, Ding ], Jiang F, Ding NX, et al. Distribution
Characteristics and Influencing Factors of Microplastics in Urban
Tap Water and Water Sources in Qingdao, China. Analytic Letter.
2019;53(8):1312-27. https://doi.org/10.1080/00032719.2019.1705476.

Marsden P, Koelmans AA, Bourdon-Lacombe ], Gouin T, D'Anglada L,
Cunliffe D, et al. Microplastics in drinking water. World Health
Organization; 2019. Contract No.: 9241516194.

Wang Z, Lin T, Chen W. Occurrence and removal of microplastics in
an advanced drinking water treatment plant (ADWTP). Sci Total
Environ. 2020;700:134520. [PubMed ID: 31669914].
https://doi.org/10.1016/j.scitotenv.2019.134520.

Mintenig SM, Loder MGJ, Primpke S, Gerdts G. Low numbers of
microplastics detected in drinking water from ground water
sources. Sci Total Environ. 2019;648:631-5. [PubMed ID: 30121540].
https://doi.org[10.1016/j.scitotenv.2018.08.178.

Lares M, Ncibi MC, Sillanpaa M, Sillanpaa M. Intercomparison study
on commonly used methods to determine microplastics in
wastewater and sludge samples. Environ Sci Pollut Res Int.
2019;26(12):12109-22. [PubMed ID: 30827019]. [PubMed Central ID:
PMC6476832]. https://doi.org/10.1007/s11356-019-04584-6.

Yuan W, Liu X, Wang W, Di M, Wang ]. Microplastic abundance,
distribution and composition in water, sediments, and wild fish
from Poyang Lake, China. Ecotoxicol Environ Saf. 2019;170:180-7.
[PubMed ID: 30529617]. https://doi.org[10.1016/j.ecoenv.2018.11.126.

Makhdoumi P, Amin AA, Karimi H, Pirsaheb M, Kim H, Hossini H.
Occurrence of microplastic particles in the most popular Iranian
bottled mineral water brands and an assessment of human

Health Scope. 2024;13(4): e148134


https://brieflands.com/articles/healthscope-148134
http://www.ncbi.nlm.nih.gov/pubmed/36709031
https://doi.org/10.1016/j.envres.2023.115312
https://doi.org/10.1016/j.earscirev.2022.103924
https://doi.org/10.1016/j.trac.2023.116984
http://www.ncbi.nlm.nih.gov/pubmed/35753373
https://doi.org/10.1016/j.envres.2022.113735
http://www.ncbi.nlm.nih.gov/pubmed/35682361
https://www.ncbi.nlm.nih.gov/pmc/PMC9180440
https://doi.org/10.3390/ijerph19116773
http://www.ncbi.nlm.nih.gov/pubmed/36640894
https://doi.org/10.1016/j.scitotenv.2023.161553
http://www.ncbi.nlm.nih.gov/pubmed/33724830
https://www.ncbi.nlm.nih.gov/pmc/PMC8154366
https://doi.org/10.1021/acs.est.0c07384
http://www.ncbi.nlm.nih.gov/pubmed/34756874
https://doi.org/10.1016/j.envpol.2021.118421
https://doi.org/10.1186/s43591-022-00040-4
https://doi.org/10.1186/s43591-022-00040-4
http://www.ncbi.nlm.nih.gov/pubmed/28117374
https://www.ncbi.nlm.nih.gov/pmc/PMC5259799
https://doi.org/10.1038/srep41323
http://www.ncbi.nlm.nih.gov/pubmed/36174702
https://doi.org/10.1016/j.scitotenv.2022.159060
http://www.ncbi.nlm.nih.gov/pubmed/33709311
https://doi.org/10.1007/s11356-021-13220-1
http://www.ncbi.nlm.nih.gov/pubmed/36461575
https://doi.org/10.1016/j.scitotenv.2022.159834
http://www.ncbi.nlm.nih.gov/pubmed/31184127
https://doi.org/10.1021/acs.est.9b01517
http://www.ncbi.nlm.nih.gov/pubmed/31741059
https://doi.org/10.1007/s10661-019-7834-0
https://doi.org/10.1080/00032719.2019.1705476
http://www.ncbi.nlm.nih.gov/pubmed/31669914
https://doi.org/10.1016/j.scitotenv.2019.134520
http://www.ncbi.nlm.nih.gov/pubmed/30121540
https://doi.org/10.1016/j.scitotenv.2018.08.178
http://www.ncbi.nlm.nih.gov/pubmed/30827019
https://www.ncbi.nlm.nih.gov/pmc/PMC6476832
https://doi.org/10.1007/s11356-019-04584-6
http://www.ncbi.nlm.nih.gov/pubmed/30529617
https://doi.org/10.1016/j.ecoenv.2018.11.126

SharifiHet al.

Brieflands

26.

27.

28.

29.

30.

31

32.

33.

34.

exposure. J Water Proc
https://doi.org/10.1016/j.jwpe.2020.101708.

Eng. 2021;39.
Wang W, Yuan W, Chen Y, Wang J. Microplastics in surface waters of
Dongting Lake and Hong Lake, China. Sci Total Environ. 2018;633:539-
45. [PubMed ID: 29579665].
https://doi.org/10.1016/j.scitotenv.2018.03.211.

Frére L, Paul-Pont I, Moreau |, Soudant P, Lambert C, Huvet A, et al. A
semi-automated Raman  micro-spectroscopy method  for
morphological and chemical characterizations of microplastic litter.
Marine Pollution Bulletin. 2016;113(1-2):461-8.
https://doi.org/10.1016/j.marpolbul.2016.10.051.

Ghosal S, Chen M, Wagner |, Wang ZM, Wall S. Molecular
identification of polymers and anthropogenic particles extracted
from oceanic water and fish stomach - A Raman micro-spectroscopy
study. Environ Pollut. 2018;233:1113-24. [PubMed ID: 29037491].
https://doi.org/10.1016/j.envpol.2017.10.014.

Sharifi H, Movahedian Attar H. [A review of microplastics measuring
methods in water and wastewater bodies]. Iran | Health Environ.
2021;14(1):173-90. FA.

Novotna K, Cermakova L, Pivokonska L, Cajthaml T, Pivokonsky M.
Microplastics in drinking water treatment - Current knowledge and
research needs. Sci Total Environ. 2019;667:730-40. [PubMed ID:
30851606]. https://doi.org[10.1016/j.scitotenv.2019.02.431.

Sarkar DJ, Das Sarkar S, Das BK, Praharaj JK, Mahajan DK, Purokait B, et
al. Microplastics removal efficiency of drinking water treatment
plant with pulse clarifier. | Hazard Mater. 2021;413:125347. [PubMed ID:
33601144]. https:|/doi.org[10.1016/j.jhazmat.2021.125347.

LiY, Li W, Jarvis P, Zhou W, Zhang ], Chen |, et al. Occurrence, removal
and potential threats associated with microplastics in drinking
water sources. | Environ Chem Eng. 2020;8(6).
https://doi.org[10.1016/j.jece.2020.104527.

Geyer R, Jambeck JR, Law KL. Production, use, and fate of all plastics
ever made. Sci Adv. 2017;3(7). e1700782. [PubMed ID: 28776036].
[PubMed Central ID: PMC5517107].
https://doi.org/10.1126/sciadv.1700782.

Shen M, Zeng Z, Wen X, Ren X, Zeng G, Zhang Y, et al. Presence of
microplastics in drinking water from freshwater sources: the

Health Scope. 2024;13(4): e148134

35.

36.

37.

38.

39.

40.

41.

42.

investigation in Changsha, China. Environ Sci Pollut Res Int.
2021;28(31):42313-24. [PubMed ID: 33811631].
https://doi.org/10.1007/s11356-021-13769-X.

Pivokonsky M, Pivokonska L, Novotna K, Cermakova L, Klimtova M.
Occurrence and fate of microplastics at two different drinking water
treatment plants within a river catchment. Sci Total Environ.
2020;741:140236. [PubMed ID: 32603938].
https://doi.org/10.1016/j.scitotenv.2020.140236.

Koelmans AA, Redondo-Hasselerharm PE, Nor NH, De Ruijter VN,
Mintenig SM, Kooi M. Risk assessment of microplastic particles.
Nature Revi Mater. 2022;7(2):138-52. https:[/doi.org[10.1038/s41578-021-
00411-y.

Ossmann BE, Sarau G, Holtmannspotter H, Pischetsrieder M,
Christiansen SH, Dicke W. Small-sized microplastics and pigmented
particles in bottled mineral water. Water Res. 2018;141:307-16.
[PubMed ID: 29803096]. https://doi.org[10.1016[j.watres.2018.05.027.

Gambino I, Bagordo F, Grassi T, Panico A, De Donno A. Occurrence of
Microplastics in Tap and Bottled Water: Current Knowledge. Int |
Environ Res Public Health. 2022;19(9). [PubMed ID: 35564678]. [PubMed
Central ID: PMC9103198]. https://doi.org/10.3390/ijerph19095283.

Schymanski D, Goldbeck C, Humpf HU, Furst P. Analysis of
microplastics in water by micro-Raman spectroscopy: Release of
plastic particles from different packaging into mineral water. Water
Res. 2018;129:154-62. [PubMed ID: 29145085].
https://doi.org[10.1016[j.watres.2017.11.011.

Pivokonsky M, Cermakova L, Novotna K, Peer P, Cajthaml T, Janda V.
Occurrence of microplastics in raw and treated drinking water. Sci
Total ~ Environ.  2018;643:1644-51. [PubMed ID: 30104017].
https://doi.org[10.1016/j.scitotenv.2018.08.102.

Shruti VC, Pérez-Guevara F, Kutralam-Muniasamy G. Metro station
free drinking water fountain- A potential “microplastics hotspot” for
human consumption. Environ Pollut. 2020;261.
https://doi.org/10.1016/j.envpol.2020.114227.

Tong H, Jiang Q, Hu X, Zhong X. Occurrence and identification of

microplastics in tap water from China. Chemosphere.
2020;252:126493. [PubMed ID: 32199168).
https://doi.org/10.1016/j.chemosphere.2020.126493.

9


https://brieflands.com/articles/healthscope-148134
https://doi.org/10.1016/j.jwpe.2020.101708
http://www.ncbi.nlm.nih.gov/pubmed/29579665
https://doi.org/10.1016/j.scitotenv.2018.03.211
https://doi.org/10.1016/j.marpolbul.2016.10.051
http://www.ncbi.nlm.nih.gov/pubmed/29037491
https://doi.org/10.1016/j.envpol.2017.10.014
http://www.ncbi.nlm.nih.gov/pubmed/30851606
https://doi.org/10.1016/j.scitotenv.2019.02.431
http://www.ncbi.nlm.nih.gov/pubmed/33601144
https://doi.org/10.1016/j.jhazmat.2021.125347
https://doi.org/10.1016/j.jece.2020.104527
http://www.ncbi.nlm.nih.gov/pubmed/28776036
https://www.ncbi.nlm.nih.gov/pmc/PMC5517107
https://doi.org/10.1126/sciadv.1700782
http://www.ncbi.nlm.nih.gov/pubmed/33811631
https://doi.org/10.1007/s11356-021-13769-x
http://www.ncbi.nlm.nih.gov/pubmed/33811631
https://doi.org/10.1007/s11356-021-13769-x
http://www.ncbi.nlm.nih.gov/pubmed/32603938
https://doi.org/10.1016/j.scitotenv.2020.140236
https://doi.org/10.1038/s41578-021-00411-y
https://doi.org/10.1038/s41578-021-00411-y
http://www.ncbi.nlm.nih.gov/pubmed/29803096
https://doi.org/10.1016/j.watres.2018.05.027
http://www.ncbi.nlm.nih.gov/pubmed/35564678
https://www.ncbi.nlm.nih.gov/pmc/PMC9103198
https://doi.org/10.3390/ijerph19095283
http://www.ncbi.nlm.nih.gov/pubmed/29145085
https://doi.org/10.1016/j.watres.2017.11.011
http://www.ncbi.nlm.nih.gov/pubmed/30104017
https://doi.org/10.1016/j.scitotenv.2018.08.102
https://doi.org/10.1016/j.envpol.2020.114227
http://www.ncbi.nlm.nih.gov/pubmed/32199168
https://doi.org/10.1016/j.chemosphere.2020.126493

