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ABSTRACT

In recent years, microplastics (MPs) contamination has become a serious concern in water distribution systems.
Few studies on microplastics' numbers and their characteristics have been described. The current study focused on the
abundance, characteristics, and polymer type of plastic particles in the tap water within 16 sites on the right side of
Mosul city, including eight areas equipped by the Alayman aljadid drinking water treatment plant (AYJ-DWTP) and eight
others that supplied by water from the Alayman algadim plant (AYQ-DWTP). A stereomicroscope (SM) is used to detect
MPs abundance and morphology by capturing images of plastic particles. Fourier transform infrared spectroscopy
(FTIR) was applied to distinguish polymer types. In this study, results elucidated that the presence of microplastics in the
tap water of both the AYJ-water distribution network (WDN) and AYG-WDN ranged from 28 to 69 MPs/L, with an
average of 45 + 10 MPs/L. Fibres and fragments were the dominant form of microplastics, estimated for (89-91%) of
total particles. The transparent colour of particles was the most abundant. Polyvinylchloride (PVC) and Nylon
Polyamide (PA) were the most common polymers of MPs around (39%) and (21%), respectively. Statistical analysis was
applied by ANOVA test. The PVC risk index was very high.
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1. INTRODUCTION United States Environmental Protection Agency,
Plastics pollution affects the EPA [7].

environment on a global scale. It also negatively

impacts on organisms [1],[2]. In the past few

decades, plastics industry has seen massive

Microplastic (MPs) are small pieces of
plastic a size between (1pm — 5 mm) [8],[9].

growth in the worldwide [3]. As a result of
plastic's chemical composition, it can be made
into useful products including chemical and
temperature resistant packaging and plastic pipes
[4]. Globally, 350 million tons of plastic pollution
were generated in 2017, compared to 1.5 million
tons in 1950 [5]. Plastics amount that produced
has dramatically increased [6] . Plastic is expected
to produce 33 billion tons by 2050, according to

According to their origin, MPs are divided into
two groups: primary and secondary. The first
category is used in the plastic industry as tiny
fibres, beads, and pellets made on a microscale,
while the second category includes smaller
particles resulting from fragmentation of primary
plastic material [10]. There is a wide range of MP
types, shapes, and sizes detected in different
environmental samples [11]. The MPs are made
from a wide range of polymers, including
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polyethelene (PE), polyproplene (PP), polystyrene
(PS), polyamide (PA), polyethelene terephthale
(PET) and poly vinyl chloride (PVC) [12]. There
are MPs in aquatic environments, and they enter
the human body through tap water and bottled
water [13], [14].

MPs can easily enter the food chain by
watering plants with water comtaining plastic
particles and due to their small size, which has a
disadverb effects on both wildlife and people
[15]. A laboratory experiments that measured the
amount of microplastics in human stool samples
proved that people absorb microplastics [16].
Oxidative stress occurs in the brain and
epithelium as a result of microplastics [17].
Human cells were used to study the impacts of
MPs, and it was found that plastic particles may
enhance cytotoxicity [18]. As a result of exposure
to MPs, human cells may be damaged,
neurological damage may occur, immune
response malfunctions may occur, and other
organs of the body may be affected by MPs [19].
Accumulation of MPs in the digestive system
causes the stoppage of energy exchange in the
body that result from body tissue exposed to MPs
[20]. Heavy metals such as aluminium and
antimony may be associated with MPs and then
cause meatal estrogen and breast cancer [21]. The
use of heavy metals in the plastic industry as
pigments is associated with health risks. For
instance, chromium is commonly used for
polymers  like  PVC, polyethene, and
polypropylene [21]. The particles smaller than
150 micrometres may pass through the digestive
tract and generate chronic exposure, intake in
humans after consumption by drinking is likely.
However, scientists believe that only 0.3% of
these items will be absorbed into the body while a
smaller percentage (0.1%) which includes
particles greater than 10 pm will be able to
penetrate both cell membranes and tissues as well
as cross the membrane of the placenta and blood-
brain barrier [22] . The 5 mm microparticles, may
be seen in the stomach, kidney and liver, and
histological sections [23]. In addition to the
plastic pieces may be available media for
microorganisms growth [24].

These facts indicate that there may be
dangers associated with microplastics that should
not be disregarded. Almost few studies have
looked at MPs contamination in tap water [8] and
[25]. Scientists from all over the world have
recently shown that MPs can be found in tap
water that comes from a variety of sources,
including desalinated, surface, and ground water

[26]. Treatment plants for drinking water
(DWTPs) offer a removal efficiency of 70%-89%,
and a little amount of microplastics flow and leak
through the process if the plants working
correctly [27]. Treatment units in DWTPs of
Mosul city include (raw water basin, mixing tank,
settling tank and filteration tank) [28]. The past
studies showed that the time affect on removal
efficiency for example the sedimentation period
play important role in efficiency removal [29] .

In distribution networks, plastic pipes
were exposed to chlor that was found in water for
a long time, resulting in changes in their
mechanical surface and morphological features
and possible contributor of MPs in drinking water
[30]. Properties changes in pipes could be
influenced by the characteristics of the material,
environmental conditions, chlorine concentration,
and exposure period [30]. The erosive corrosion
of plastic pipes is the secondary cause of
microplastic in tap water, according to previous
research [31].

Fourier transform infrared spectroscopy
(FTIR) and stereomicroscope (SM) are used to
observe and analyse MPs. The goals of this study
were to identify the different types of polymers,
to count the MPs numbers and to characterise
their colours and shapes. The results are useful in
raising awareness of people about the level of
MPs pollution in the drinking water of Mosul
city. Furthermore, they should motivate the
appropriate parties to take action to reduce the
contamination percentage.

2. METHODS AND MATERIALS
2.1. Sampling

All samples were taken from tap water
distributed along water distribution pipes of
sixtheen locations in Mosul city from October
2022 to February 2023. In addition to the samples
taken from DWTPs of raw water (influent) and
treated water (effluent). Eight districts supplied
water from Alayman aljadid (AYJ) drinking water
treatment plant (DWTP) and the other 8 equipped
by water from Alayman algadim (AYQ) DWTP
as shown in Figure 1. A list of material types used
in manufacturing pipes in selected areas can be
found in Table (1).
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Fig. 1 Sampling sites in districts Supplied by
AYJ-DWTP and AYQ-DWTP.

Table 1: Sampling sites and the manufacturing
material of Networks water distribution pipes
provided by the Nineveh water directorate in

Mosul city.
DWTP Sam_pllng Pipe manufgcturlng
site material
RagomHadid PVC
Moaalamin PVC
Monosor PVC
Nahrawan PE
AYJ-DWTP Alresalah PVC
Maamoun DI (ductile iron’)
Alamel PE
Alaboor PVC
tamoz 17 PVC
Shafa PVC
New Mosul PVC
AYQ-DWTP Wady hagar PE
Dawasah PE
Yarmook PVC
Alnajjar PVC
Agtesadyeen PE

2.2. Quantitative and qualitative analysis of
microplastics

Glass bottles were rinsed in distilled
water and samples were taken randomly from
households [32]. Three duplicates were collected
from tap water in one liter bottles and then

transported to the laboratory for additional
examinations [33].

The samples were filtered by cellulose
nitrate filter (0.45um) and the MPs that remained
on the filter were observed by stereomicroscope
(SM). A Microscope has been used to divide
particles into fragments, fibre, foam, film, and
others depending on forms [34], and MPs are
divided according to their colours: transparent,
black, red, blue, green, yellow, white, orange and
others[35]. FTIR (SHIMADUZ, Japan) was used
to specify the functional groups present in MPs to
detect polymer type. The FTIR analysis was
within spectral ranges between (600 to 4000) cm'*
with 16 scans at resolution 4 cm™ and 3 seconds
was the test time for the sample. The spectra that
appeared in the experiences were compared with
the previous databases from references to know

the type of the polymer [36].

3. STATISTICALLY DATA ANALYSIS

The microplastic number is calculated as
MPs/L. The samples collected from tap water
were three repetitions in each district. MPs
concentration was expressed as the average * the
standard deviation. Statistical analyses performed
by Excel 2019. The data were analysed through
the ANOVA test. If the difference between
sampling sites depending on the number of MPs
(ANMPs) were higher than the least significant
differences (LSD) thus a statistically significant
difference, whereas the ANMPs were lower than
LSD considered insignificant. The following
equation is used for the LSD account[37].

LSD = t o \/2MSE/n.......(1)

t: t-value calculation from the distribution table.
oc: at 0.05 probability level.

MSE: mean square error taken from ANOVA
table.

n: repetitions number.

4. RESULTS AND DISCUSSION

4.1. Microplastic pollution concentration in tap
water

The plastic particles number in the both
AYJ and AYQ water distribution networks were
started from 28 to 69 MPs/L having an average of
45 £ 10 MPs/L. In the (AYJ-WDN), microplastic
numbers were about (28 to 69) MPs/L with an
average of 47 + 11 MPs/L. While, in the (AYQ-
WDN), MPs abundance was from 29 to 61 MPs/L
with an average of 43 + 9 MPs/L. The mean
number of MPs in study areas is displayed in
Figure 2 (a&b). A previous study, in Mexico, [38]
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showed that microplastic abundance in tap water
ranged between (5 to 91 MPs/L) and another
study [39] in the United States, found the
concentration of MPs in tap water was within the
range of (0 to 61) MPs per litre. These studies'
results were nearly convergent with this study.
There is a possibility that MPs may be released
into drinking water through plastic pipes used in
water distribution networks [40]. As proven by
the study [41], which found that tap water
samples containing microplastics similar to
plastic materials of the equipment and water
transport pipelines from drinking water plants to
districts.
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Fig. 2 The mean abundance of microplastics in
study areas of (a) AYJ-WDN and (b) AYQ-
WDN.

In the AYJ-WDN, the high average
abundance of MPs in regions at the Alaboor,
Alresalah, Ragom Hadid, Monosor and
Moaalamin were as follows: 62 + 5, 57 + 4, 55 +
5,49 £ 5 and 44 + 6 MPs/L, respectively, and the
lowest values in the districts of Nahrawan,
Maamoun and Alamel were 37 +7, 35+ 5 and 34
+ 4 MPs/L, respectively. The high level of MPs/L
in the regions of AYQ-WDN was of Yarmook (56

+ 4), Shafa (49 + 5), New Mosul (48 £ 5),
Alnajjar (45 + 5) and 17 Tammoz (45 % 4),
whereas the Aqtesadyeen, Wady hagar, and
Dawasah districts were the fewer than other
districts (35 £ 5, 34 £ 3, and 33 £ 4 MPs/L),
respectively. Plastic pipes start to change in
characteristics, mechanical properties and surface
properties after prolonged exposure to chlorine-
containing water. This may explain the high
levels of MPs in the Alaboor, Alresalah, Yarmook
and Shafa regions. According to Gill et al., 2019
discovered that the temperature, chlorine
concentration, pressure, pH, and exposure time
can influence these changes [42]. Compared to
the rest of the districts, the mean microplastic
abundance in the Alamel, Agtesadyeen, Wady
hagar, Dawasah and Maamoun districts was low
due to their new pipes, also the manufacturing
material of pipes in the Maamoun region was
ductile iron as illustrated in Table 2. Statistical
analysis in both AYJ and AYQ areas shows there
is a significant difference between sites. Except
for difference between all of (Alresalah and
Ragom Hadid), (Nahrawan and Maamoun),
(Maamoun and Alamel), (17 Tammoz and New
Mosul), (17 Tammoz and Alnajjar), (New Mosul
and Shafa), (Alnajjar and New Mosul), (Wady
hagar and Dawasah), (Wady hagar and
Agtesadyeen), (Dawasah and Agtesadyeen), and
(Alnajjar and Aqgtesadyeen) were insignificant.
The insignificant differences between theses
regions may be due to the pipes that are used in
these areas are similar to each other in
manufacturing material as Table (2). Furthermore,
plastic pipes in these regions may undergo
mechanical, surface, and morphological changes
when exposed to the same conditions such as
exposure it to free chlorine for a prolonged period
[42].

In raw water (influent), MPs levels varied
from 91 to 125 items/L on average 107 + 13
MPs/L in treated water (effluent). MPs levels
varied from 30 to 44 items/L with an average of
35 £ 4 MPs/L. A possible source of MPs in tap
water may be raw water and plastic pipes in
supply networks.

4.2. Morphological characteristics of MPs
4.2.1. Shapes

Several shapes (fibers, fragments, films, and
foam) found in microplastics are distributed in
samples of all sites. Fibers and fragments were
the dominant in this study as displayed in Figure
3 (a&b).
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Fig. 3 Percentage of particles based on shapes in
study locations of (a) AYJ-WDN and (b) AYQ-
WDN

There were highest levels of fibrous and
fragment in regions of AYJ-WDN and AYQ-
WDN (53%, 34% and 51%, 40%, respectively),
followed by film, foam and other shapes (4%, 5%
and 3%) of AYJ districts and (3%, 3%, 2%) of
AYQ districts [43]. Figure 4 shows the images of
the forms in this study.

Fig. 4 Shapes of MPs, (a) fiber, (b) fragment, (c)
film and (d) foam

4.2.2. Colours of particles

In Figure 5 (a&b), it can be seen that
microplastics come in a variety of colours and in
descending order as follows; transparent, black,
blue, red, yellow, orange, and white. There is a
difference in colour between the particles in each
area. According to Zhao et al., 2022, the colours
detected in Chinese tap water were transparent,
black, white, and other [44].

Bl transparent
Ablue

B black
Hred

Hgreen
Oyellow
Borange
B white
@ others

B transparent
Hblue

B black
Brad
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Byellow

B orange
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B others

Fig. 5 Colours of MPs in selected districts of
AYJ-WDN and AYQ-WDN.

A majority of MPs in districts of AYJ-
WDN were transparent (37%), followed by black
(16%), blue (12%), red (10%), white (7%) and
green (5%), orange (4%) and other (4%). Also,
the transparent colour dominated in districts of
AYQ-WDN (34%), followed by black (16%), red
(15%), blue (14%), white (7%), yellow (6%),
green (4%), orange (2%) and other (3%).

4.2.3. Polymer types of microplastics

The polymers types detected using FTIR
analysis were PVC, PA, PE, PET, PS, PP, and
non-identification (NI). FTIR spectra of plastics
obtained in transmission mode as depicted in
Appendix Figure (A-1). Polymer types percentage
in samples as seen in Figure 6 (a&b).
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Fig. 6 Percentage of Polymer types in study areas
of (a) AYJ-WDN and (b) AYQ-WDN.

Polymer types in AYJ and AYQ districts
were as follows: PVC (38-40) %, PA (21-22) %,
PET (14-15) %, PE (8-14) %, PP (2-4) %, PS (3-
5) %, and NI (6-7) %. It is likely that MPs are
released from polymer-containing plastic pipes
because they are wused in plastic pipe
manufacturing [13], [41]. As PVC pipes are
widely used to transport water from plants to
households in Irag, they may be the reason for the
highest percentage of PVC in tap water samples.
Almost 60% of the water supply systems in the
world are PVC pipes [41]. Water contains
different concentrations of PET, PE, PP and PS
polymers depending on their initial concentrations
in raw water and treatment units of DWTPs [45],
[36]. PA is mainly used to manufacture nylon.
This will result in an increase in PA percentage in
the raw water supply thus increasing it in WDNs
[46].

5. MPs risk evaluation
The classical method was used to assess

MPs ecological risks [47] as expressed in Eqgs. 2
and 3.

RI and Ei are both potential risk factors for
the environment, whereas Ti represents the
polymer toxicity coefficient, and Ci/Co represents
the ratio between the measured and background
concentrations of microplastics, respectively. In
this study, because there isn’t enough background
data thus the MPs concentrations at the lowest
level can be defined as background values. In
Table 2, based on Ei and RI, there are different

risk levels in risk evaluation.

Table 2. Risk categories associated with
microplastics [48].

Potential potential risk Risk category
single risk index RI
index Ei
<40 <150 Minor
40-80 150-300 Medium
80-160 300-600 High
160-320 600-1200 Danger
>320 >1200 Extreme
danger

Table 3. Potential risk of different microplastics
in selected districts of AYJ-WDN.

MPsIL | Ci/Co | T B |, a'feigs'gry RI
Polymer
PVC 1858 | 056 | 10551 | 5041 E;rﬁgeerfe
PET 6.63 02 |4 08 | Minor | 5960
PE 3.79 011 |11 126 | Minor cR;tse"gory
PA 9.83 03 |50 149 | Minor E:rfgeerfe
PP 1.96 006 |0 o | Minor
PS 2.38 007 |30 | 216 | Minor
NI 3.42 0.1 0 0 Minor
*[33]
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Table 4. Potential risk of different microplastics
in selected districts of AYQ-WDN.

o Risk
Polymer | MPs/L | Ci/Cy Ti E category RI
PVC 1858 | 056 | 10551 | soa1 | EXtreme
danger
PET 6.63 0.20 4.00 0.80 Minor
5294
PE 3.79 0.11 11.00 1.26 Minor
14.9 Risk
PA 9.83 0.30 50.00 0 Minor category
Extreme
PP 1.96 0.06 0.00 0.00 Minor danger
PS 2.38 0.07 30.00 2.16 Minor
NI 3.42 0.10 0.00 0.00 Minor

T [33].

The potential risk of 5 polymers types to
drinking water was assessed in 16 areas for AYJ-
WDN and AYQ-WDN. The RI value of AYJ-
WDN was 5960 and in AYQ-WDN was 5294 as
shown in Tables 3 and 4, respectively.
Furthermore, both AYJ-WDN and AYQ-WDN
had high Ei values for PVC because their Ti
values were high. The high Ti value of PVC leads
to dominating the range of Ri. As the current
study only offered a very limited potential hazard
index of the restricted polymer and the potential
hazard index is counted based on the monomer
[49].

6. CONCLUSION

In this work, MPs were found in tap
water, and the causes of their presence were
investigated. At each sampling site, there was
evidence of microplastic contamination. The
plastic particles' mean number in AYJ-WDN was
45 £+ 10 MPs/L and the mean number in AYQ-
WDN was 47 + 11 MPs/L. Fibres and fragments
represented the majority of microplastics found
approximately 89%, and transparent was the
dominant colour. The presence of PVC and PA
polymer formed a high percentage in
concentration compared with other types. The
results show that MPs are abundant in tap water
because some particles pass through treatment
units and others come from plastic pipes of
WDNSs in sampling areas. In AYJ-WDN and
AYQ-WDN, Ei for PVC polymer was the highest
compared with other polymers because Ti value
for PVC polymer was high, MPs risk assessment
related with Indicator of polymer risk. There was
a significant difference between each site and the
other areas, except for some areas where the
differences were insignificant because of the
pipes type, its age, and exposure to the same

conditions. Among some recommended solutions
to overcome microplastic problems are: first,
studying tap water filter devices' effectiveness in
reducing plastic particles and ensuring the
effectiveness these devices must be operated,
maintained, and replaced frequently according to
the manufacturer's recommendations; second,
improving the efficiency and effectiveness of
DWTPs in removing microplastics; third,
replacing old pipes in DWNs to prevent releasing
of microplastics into the water; and forth, to better
drinking water quality, investigators need to
understand how pollutants migration from plastic
materials affects water quality, many knowledge
gaps attributed to researchers' lack of
understanding  of  polymer properties or
manufacturing processes or how the different
factors such as (temperature, pH, and others) can
be to influence on the contamination of water by
these plastic particles.
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Fig (A-1): FTIR spectra of plastics obtained in this study
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Table (A-1): Nomenclature list

Abbreviation Description
MPs Microplastics
AYJ- DWTP Alayman aljadid drinking water treatment plant
AYQ- DWTP Alayman algadim drinking water treatment
plant
FTIR Fourier transform infrared spectroscopy
SM Stereomicroscope
PVC Polyvinyl chloride
PA Poly amide
PET Polyethylene terephthalate
PE Polyethylene
PP Polypropylene
PS Polystyrene
DI Ductile iron
ANOVA Analysis of variance
ANMPs Difference between sampling sites depending
on the number of MPs
LSD Least significant differences
t t-value calculation from the distribution table
« Probability level
MSE Mean square error taken from ANOVA table.
n Repetitions number
MPs/L Microplastic per Liter
RI Potential risk index
Ei Potential single risk index
Ti The polymer toxicity coefficien
Ci/Co Ratio between the measured and background
concentrations of microplastics
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